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GENEKAL ANATOMY, OR HISTOLOGY.

General Aistatomy, or as it is now more commonly termed

Histology, is that branch of Anatomy which treats of the structure

of the textures. As has already been explained (see Introduction in

Vol. I.), the body of every one of the higher animals is made up of

organs adapted for the performance of its several functions, and these

organs are themselves composed of various tissues or textures. In order

that the structure of any organ or part of the body should be understood,

it is necessary to study, both together and separately, the several tissues

of which it is composed, in order to ascertain their composition and the

manner in which they are combined to constitute the organ or part in

question. This is chiefly eifected by minute dissociations and thin

sections, which are observed with the aid of the microscope, and hence the

terms " Minute Anatomy " and "Microscopic Anatomy" are also apj)lied

to this branch of the science. It is found that when the body is thus dis-

sected or analyzed by the aid of the microscope, that the number of

distinct tissues which are met with is comparatively small, and some
of these again, although at first sight to all appearance distinct, yet have
so much in common in their structure and origin one with another

(forms of transition also being met with between them), that the

number becomes still further reduced. The elementary tissues which
are generally enumerated are as follows :

—

Epithelium or epithelial tissue.

Connective tissue with its varieties, including adipose tissue.

Cartilage and its varieties.

Bone or osseous tissue.

Muscular tissue.

Nervous tissue.

The elements which are met with suspended in the fluids of the body,
such as the corpuscles in the blood, are also enumerated amongst the
elementary tissues. So that we may add to the above list :

—

Blood- and lymph-corpuscles.

Many of the organs are formed whoUy of a single one of these ele-

mentary tissues, or with a comparatively slight intermixture of others.

Thus the muscles are made up almost entirely of muscular tissue, with
but a small intermixture of connective tissue, blood-vessels and nerves

:

and the same is the case with the bones ; whilst the cartilages are com-
posed wholly of the tissue of the same name. On the other hand, there
are certain organs or parts of the body not in themselves distinguished by
the preponderance of any special tissue, but compounded of two or more
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in varying proportion, which it is nevertheless convenient to describe

along Avifch the elementary tissues, on account of their wide distribution

in the body, and their uniformity of structure in different parts. These

are :

—

Blood-vessels.

Lymphatic vessels.

Lymphatic glands and bodies of like structure.

Serous membranes.
Synovial membranes.
Secreting glands.

Mucous membranes.
Integument.

Every texture taken as a whole was viewed by Bichat (Anatomic

g6n6rale, 1801 ) as constituting a peculiar system, presenting throughout its

whole extent in the body characters either the same, or modified only so

far as its local connections and uses render necessary ; he accordingly

used the term " organic systems " to designate the textures taken in this

]-)oint of view. Of the organic systems above enumerated some are

found in nearly every organ ; such is the case with the connective tissue,

which serves as a binding material to hold together the other tissues

which go to form an organ ; the vessels, which convey fluids for the

nutrition of the other textures, and the nerves, which establish a mutual
dependence among different organs. These were named by Bichat the
" general systems," to distinguish them from others such as the cartil-

aginous and osseous, which being confined to a limited number or to a

particular class of organs, he named " particular systems."

Structural elements.
—
"When any tissue is separated by the aid of

the microscope into the simplest parts which possess assignable form,

such parts are termed the structui'al elements of the tissue. In almost

every tissue, some at least of these structural elements retain to a certain

extent the characters of the elementary corpuscles of which the whole
body is originally composed. These structural elements are named the
" cells " of the tissue. Others again lose for the most part those cha-

racters, and becoming elongated and modified in structure, are termed
the fibres of the tissue, whilst in other cases, fibres are formed not from
the cells but between them. Except the epithelium, all the tissues have
fibres as characteristic structural elements, and some, as the connective

tissue, fibres of more than one kind. But structurally and chemically

as well as functionally, the fibres of the several tissues differ widely from
one another.

Intercellular substance.—In addition to these separable structural

elements, many of the tissues are composed of a homogeneous matrix or

ground substance, in which the structural elements are imbedded. This
matrix may exist rn considerable quantity, as in some varieties of con-

nective tissue, or on the other hand it may be almost impercejDtible in

amount, serving merely as a cementing material to connect together the

individual tissue-elements, as in epithelium. From its softness, clearness

and homogeneity, this ground substance is often apt to escape observation,

but its existence may always be rendered evident in consequence of the

property it exhibits of combining with salts of silver, a brown deposit

of metallic silver occurring in it on subsequent exposure to the light

(v. Eccklinghausen).
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Since all the animal tissnes however diversified they may appear,

originate as collections of the elementary corpuscles or cells above spoken
of, and since these cells remain, many of them, as constituent elements

of the formed tissue, we mus!; first of all consider minutely what it is

that constitutes an animal cell, what is its structure, its chemical com-
position, its physical and vital properties, and how and from what the

cells of the animal body are developed.

THE ANIMAL CELL.

A typical animal cell is a corpuscle of microscopic dimensions, the cells

of the human body seldom exceeding ^^g-th of an inch in diameter, and
many being as small as one-tenth of this, or even less. But whether
small or large, every tyj^ical cell consists of two distinct parts : of the

main substance of the cell, which has received

the name of in'otoiilasm (fig. 1, j?), and of a ^ig* !•

minute vesicular structure, generally placed near ,,,!i:aMiIiffiiii|;h:,

the centre of the cell, and termed its nucleus (n). «' r'lJ^&'^'jb..,

m r-^
THE PEOTOPLASM OF THE CELL.

The substance to which the term protoplasm 'S^^^^^^^^^'^^
has been applied is, in its chemical nature, similar "^:0^^^^fy^^:J
to albumen, being mainly formed of proteid ''^-

°Yoj%''."!r''°''\

substance. It is characterized by its afiinity for
1 j,.

certain staining fluids, such as solutions of car-
^

mine and hsematoxylin. Although normally ^^S- L—Diagram op an

containing a relatively large amount of water
NiFiTD''*'^(E'A sT^'^'^'

combined in its substance, and thereby sharing '
" ".

,

many of the physical properties of water, it is J;f^g^A^"; "«;
not miSClljle with that fluid whilst m the living nucleus, with intranuclear

condition. Protoplasm usually appears to consist network and nucleolus (»').

of two distinct jDortions ; namely, of a clear,

homogeneous semi-fluid material, Avhich is in all probability the essential

substance : and of minute granules or particles which are embedded in

the hyaline substance, and which by their j^resence give to the protoplasm

a granular appearance. These particles, although in most cells constantly

present, are in all probability not essential constituents, but are rather to

be regarded in the light of adventitious matter, Avhich has either been
formed in the protoplasm itself, or has been taken into it from without.

For it is often the case that one part of the substance of a cell is entirely

free from granules, whilst other parts may be crowded with them, and it

is found, that in such instances the clear non-granular substance is

capable of manifesting all the phenomena which are characteristic of

protoplasm. Further, when the particles in question are larger and
more distinct, it may often be demonstrated that they are different in

chemical constitution from the substance in which they are embedded.

In addition to the more solid particles above mentioned, globules of

watery fluid are also frequently met mth. These refr'act the light less

strongly than the protoplasm itself, and look like clear spaces in it

:

hence they have been termed vacuoles. There may be one, two, or a

greater number of such vacuoles in a cell, and in some cases, the proto-

plasm is filled with them, or occupied by a large space formed by their

confluence. This, as is especially evident in vegetable cells, causes the

B 2
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cell-substance to assume a reticulated aspect. But where vacuoles are ac-

cumulated within it to a great extent, it is generally found that the proto-

plasm no longer exhibits certain characteristic properties, especially that

of amceboid movement, presently to be described. Vacuoles are often

absent altogether from a cell, and when present, appear and disappear and
may become shifted in position from time to time.

What has been above described as the essential part of the protoplasm

may itself exhibit a separation into two kinds of

Fig. 2.
substance. For example, in many cells the proto-

plasm (whether or not granular) may undergo a

Fig. 2.

—

Striated epithelium cell, fkom the duct of a
SALIVARY OLAND; HIGHLY MAGNIFIED. SEMIDIAGRAMMATIO.

(E.A.S.).

gr, granular protoplasm ; str, striae ; w, nucleus.

differentiation into minute strias, or fibrils, and clear

intermediate substance, and in these cases there is

reason to regard the fibrils as perhaps the more important part of the

protoplasm. This is the case with the cell-substance in the epithelium

cells of many secreting glands or of their ducts (fig. 2, str), and with the

Fig. 3. Fig. 4.

Fin ,—A CARTILAGE CELL OF THE SALAMANDER, SHOWING FINE FILAMENTS IN THE
PROTOPLASM (Flemming).

Fig. 4.

—

Diagram of an animal cell (with two nuclei). (Klein.)

substance of nerve-cells, and Flemming and Schleicher describe the pro-

toplasm of the cells of cartilage as consisting of a homogeneous fluid in

which fine particles and minute fibrils are suspended (fig. 3).

This diflerentiation of the protoplasm in the form of fibrils would
appear to be of much more general occurrence than is commonly sup-

posed. According to the observations of Heitzmann, Fromann, Klein,

and others, the protoplasmic substance of a cell is to be regarded as com-
posed of a fine network or spouge-work, with a more fluid material in its

interstices, the granules which are seen in protoplasm being for the most
part the optical sections of some of the fibrils (fig. 4). At the same time
it is admitted that true granules may also occur in the interstitial fluid,

and in gland cells the products of secretion may here become accumulated.
Putting the same idea in somewhatdifferent words, such protoplasm may
be described as being highly vacuolated ; the substances found in it

(granules, materials of secretion) accumulating in its vacuoles.

Protoplasm seems to be weakly alkaline or neutral in reaction, although

in some of tlie lower organisms, blue litmus granules, Avhich had been



AMCEBOID MOVEMENTS. 5

taken into the interior of their protoplasm, were observed by Engelmann
after a time to become red. This may, however, have been due to a for-

mation of acid around the granules analogous to that which occurs in

gastric digestion in the higher animals.

In conjunction with Mr. F. Eckstein, I have made a number of observations

upon the white corpuscles of the blood in the same manner, and always found
the blue litmus granules which were taken in by the corpuscle to remain

unchanged in colour

That the protoplasm of a cell is elastic may be inferred from the

manner in which a layer of cells is found to adaj)t itself to rapid and
considerable alterations in the area which it covers ; this is the case for

instance Avith the layer of cells which lines the bladder, and with that

which covers the outer surface of the lungs.

Contractility of protoplasm.—The most striking and important

of the phenomena which are exhibited by cell-protoplasm are those

which are due to its possessing the property of contractility. By this

is meant the faculty of becoming diminished in diameter in any one

direction, and proportionately increased or bulged out in other directions.

This property of contractility which protoplasm possesses is shared by,

or rather perhaps has become transferred to, other forms of living sub-

stance, not generaUy regarded as purely protoplasmic in nature ; namely,

vibratile cilia and muscular tissue. But in these the power of diminu-
tion is confined to one part or direction only, whereas in unaltered

protoplasm the property is possessed by all parts, and is capable of being

exerted in any direction. The following are the phenomena exhibited

by protoplasm which can be referred to the possession of this property:

1. Amosdoid movement.—As was first shown by Eosenhof^ in 1755,

the Proteus animalcule or Amoeba, wliich is composed almost entirely

of a mass of protoplasm, exhibits when observed under the microscope

Fig. 5.

Fig. 5.

—

Changes op fokm of a white corpuscle op newt's blood, sketched at
INTERVALS OP A PEW MINUTES. ThE FIGURES SHOW ALSO THE INTUSSUSCEPTION OP
TWO SMALL GRANULES, AND THE CHANGES OP POSITION WHICH THESE UNDERWENT
WITHIN THE CORPUSCLE. (E.A.S.)

the most remarkable spontaneous changes of form
; protruding, first on

one side then on the other or even at two or more places simultaneously,

portions of its j)rotoplasm (pseudopodia), which may be again immediately
withdrawn. On the other hand, any one of these projections may remain



6 THE ANIMAL CELL.

protruded, and the substance of the protoplasmic body drawn towards

it, so that in this way the amoeba is moved about from place to place.

Since these and similar changes of form and place of a protoplasmic

organism were first distinctly observed and can still be best studied in

the amoeba, they are aptly termed amoeboid. In the higher animals they

are most plainly to be seen in the white blood-corpuscle (fig. 5) (where

they were first detected by Wharton Jones,) but it is probable that they

are exhibited to a shght degree by almost aU animal cells in the young

state.

2. Streaming movement of the granules.—This phenomenon can be

seen to occur both in cells which are stationary, and in those which

are exhibiting the amoeboid movements just described. It consists in

the slow motion in definite courses in the protoplasm of the granules

which are suspended in that substance. There can be little doubt that

the granules are themselves carried along by and smm in the moving
protoplasm itself, although in consequence of its homogeneity the currents

in it are only indicated by the suspended granules. The currents may
not only pass in different directions in the main substance of the proto-

plasm, but they may also extend along its protrusions, when these exist,

and it occasionally happens that there may be present in one and the

same protrusion both an outgoing and an incoming stream.

These streaming movements have been longest known in the proto-

plasm of vegetable cells (Vallisneria, Ohara, Tradescantia, &c.), but they

are very strikingly manifested in the protoplasmic substance of the lower

animal organisms, and there is reason to believe that they occur in many
of the fixed cells of the tissues of the higher animals, although here much
more difficult of detection. In the white corpuscles of the blood the

gTanules in the protoplasm are seen to stream into the processes, which

when first protruded are generally free from gTanules ; but in this case

the flow of particles may perhaps be caused in a different way from that

in the other instances above given.

3. Intussusception of foreign particles.—When any minute foreign

particle comes in contact with the protoplasmic substance, the particle is

apt to adhere to it. But what is more remarkable, the particle does not

remain in contact with the external surface ; it becomes on the contrary

enwrapped by processes of the protoplasm, and then withdrawn gradually

into the interior, where it may remain for some time without change,

being moved about by any currents which exist in the cell, and carried

along by the changes of place which the cell undergoes (see fig. 5).

Eventually such foreign particles may be extruded again. If, on the

other hand, the particle is of considei'able size as compared with the

protoplasm with which it comes in contact, the latter extends around

and over it so as to envelope it more or less completely. This pheno-

menon of intussusception seems thus to be partly dependent upon
amoeboid movement, and partly upon the production of currents in the

protojDlasm.

The protoplasm of ordinary vegetable cells being for the most part enclosed

in a continuous cell-wall, instead of being naked like that of a typical animal
cell, cannot be protruded in the shape of pseudopodia beyond that wall nor does

it for the name reason exhibit the phenomenon of intusfasceptionjust described.

But it is, nevertheless, as before mentioned, capable of active streaming move-
ments, which are influenced by the same conditions (heat, electricity, and the like)

as are the movements of animal cells.
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Condiiions influencing ihe contractile manifestations of protoplasm.-^

All these seyeral manifestations of contractility, are inflnenced in the

same manner by similar external conditions. Thus it is found that

variations of temperature have a marked effect upon all. In warm-
blooded animals the phenomena cease altogether to be exhibited, if the

protoplasm which is under observation is cooled to below a temperatm^e

of about 10° C, although they will be resumed on warming the pre-

paration again, and this even if it has been cooled to 0° C, or even a

little lower. And when warmed gradually, it is found that they become
more and more active as the temperature rises, attaining a maximum of

activity a few degrees above the natural temperature of the body,

although if maintained at an abnormally high temperature, the move-
ments are not long continued. A temperature a httle above this maxi-

mum, rapidly kills protoplasm, producing a stiffness or coagulation in

it (heat-rigor), which is preceded by a general contraction. From the

condition of rigor the protoplasm cannot be recovered.

The contractility of protoplasm is dependent upon supply of oxygen.

If this be withheld, the movements wiU it is true proceed for a time as

usual, but this is because protoplasm like other forms of contractile sub-

stance, such as muscle, has the power of storing away and using oxygen
in some form of combination. For it is found that the active manifes-

tations will not proceed indefinitely in the absence of oxygen, but cease

after a time, to be renewed only on the accession of fi'esh oxygen.

Many reagents in solution influence the activity of protoplasm. Some
of these act by adding to or subtracting from the water which it contains.

As a general rule the imbibition of water by the protoplasm, accelerates

its activity up to a certain point varying according to the source of the

protoplasm which is under olDservation (Thoma), but beyond that point

addition of water produces a destructive eflect. A comparatively slight

amount of desiccation, is, so far at least as regards the protoplasm of the

higher animals, destructive of vitality, but this statement does not hold

good for the protoplasm of many of the lower animal and plant organisms.

Amongst reagents acids, although very weak (even carbonic acid), stop

the contractile manifestations, alkalies, on the other hand, if sufficiently

dilute, increase at first their activity. They are stopped by chloroform

and ether, but may be again resumed on the removal of those vapours.

Some poisons (e.g. veratria) rapidly arrest the movements in question.

Effect of electrical and other stimuli upo7i protoplasm.—The effect of

electrical stimulation upon protoplasm which is exhibiting either

amoeboid or streaming movement is, if sufficiently strong, to cause an

immediate cessation of those movements, accompanied by a withdrawal

into the main substance of any processes that may have been protruded.

If the stimulation be intermitted, the movements will recommence, pro-

vided the shock has not been so severe as to injure the living substance.

Abrupt changes of temperature, and mechanical stimulation such as

is produced by sudden pressure or harsh contact act in a similar

manner.

These effects are probably to be explained by supposing that the stimu-

lation produces a contraction of the substance in every possible direction,

for the result is that the cell subjected to stimulation, assumes, if it be

capable of doing so, the spherical form. Whether there is any actual

diminution in volume accompanied by expression of fluid must remain
undetermined.
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Of chemical and other changes which occur in the protoplasm

of cells.—The protoplasm of a cell may become A^ariously altered in

chemical constitution, all such changes tending to diminish the original

activity of the cell and to fit it for a special function. An alteration

often met within older cells is the conversion of the outer portion

of the protoplasm into a comparatively hard layer, which constitutes

an investment for the remainder, and in this way approximates the_ cell

more to the vegetable type. Such a transformation is met with in a

high degree in the stratified epithelia, in Avhich the cells of the ui3per-

most layers become almost entirely transformed into dense horny scales.

Another change which is apt to occur is the deposition within the cell

of various chemical principles, which are either derived directly from the

plasma of the blood, in which in such cases they pre-exist, or are elabo-

rated by the cell itself from some other constituent of that fluid. Ex-

amples of these changes are to be found in the deposit of fat (fig. 7,/)

and pigment, and of the peculiar constituents of certain secretions

within the cells of the tissue or gland producing them (see fig. 6).

Fig. 6.

Fig. 6.

—

Crystals of uric acid in cehs, from the
RENAL ORGAN OF A MOLLUSC. (Boll.)

In the two left-hand figures, the crystals are enclosed

in vacuoles.

Sometimes changes of the same kind are connected with the produc-

tion of new structures in a cell, as in the formation of red blood-

corpuscles Avithin the cells of connective tissue (fig. 7, h, 7i).

Fig. 7.

Fig. 7.

—

Deposit of fat and formation of red blood corpuscles within connective

TISSUE cells. (E.A.S.)

/, /, cells in which fat globules are being deposited ; 7i, h, cells in which red blood

corpuscles are becoming formed.

THE NUCLEUS OF THE CELL.

The nucleus (fig. l,n) is a minute vesicular body, placed generally near

the centre of the cell and embedded therefore in the protoplasm. In
form it is round or oval in most cases, but it may be irregular in shape.

Its size relatively to that of the cell varies much in different instances,

for sometimes there is so small an amount of ]3rotoplasm that the nucleus

appears to occupy nearly the whole cell. This is the case for example
with many of the cells which arc met with in lymphatic glands, and the

small nerve-cells which are found in the cerebellum and elsewhere. On
the other hand, the protoplasm of the cell, whether altered as in the
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superficial layers of stratified epithelium, or unaltered as in many of

the Avhite corpuscles of the blood, may much exceed the -nucleus in bulk.

In absolute size, the nucleus does not exhibit any very considerable

variation in different cells of the same animal. There are, however,

some notable exceptions ; thus the nucleus is absolutely much larger in

the ovum or egg-cell and in many nerve-cells than it is in other cells of

the body.

Structure of the nucleus.—In the typical resting condition the

nucleus is always bounded by a well defined wall, which encloses the

nuclear contents. These are of two kinds, formed and amorphous. To
the latter the term nuclear fluid is sometimes applied, and the former is

sometimes named nudeo-jjilasm or Icari/o-plasm; this term being used

to include also the substance which forms the wall of the nucleus. But
it is by no means certain that the homogeneous amorphous substance

which occupies the interstices of the nucleo-plasm is of a fluid nature,

so that it might probably be better to term it the nuclear matrix. The
name nucleo-plasm, on the other hand, although not altogether without
objection, is probably as convenient as any other that has been proposed.

The nucleo-plasm often takes the form of one or more strongly re-

fracting granules or globules, which are named nucleoli. The nucleoli

may be suspended, isolated, in the nuclear matrix, or they may be con-

nected with one another, if they are more than one, and with the nuclear

wall by a network of fine filaments,

which also form part of the nucleo- Fig, s.

plasm (fig. 8). There is little doubt
that these various parts of the

Fig. 8.

—

Cell-nuclei, exhibiting the keti-

ODLATE APPEARANCE OP THE NUCLEO-PLASM.
(Flemming.

)

a, nucleus of liver-cell (carp) ; b, nucleus of

a connective tissue cell.

nucleus are capable of undergoing spontaneous changes in relative

amount and form. Thus it is found that when treated with hsema-
toxylin the nuclear matrix has in some cases a considerable afl&nity for

that colouring matter, in others very much less or none at all ; the

latter when the nucleoplasmio fibres are much increased in amount, as

is the case when the nucleus is about to undergo division. From this

it is inferred that a substance readily becoming stained by hsematoxylin

was in the first instance suspended uniformly in the nuclear matrix and
has subsequently become shed out, so as to increase the bulk of the

already existing nucleoplasmio fibres.

We have also observations showing that spontaneous changes of form
may occur in nuclei. Thus both Flemming and Strieker have noticed,

in preparations of blood, nuclei, which had been set free by rupture of

the corpuscles to which they belonged, exhibiting spontaneous changes
of form, and Klein has made a similar observation upon the large imclei

of the glands in the skin of the triton. Within the living epithelium-

cells of the tail of salamander larvse, Flemming also noticed alterations

taking place in the outline of the nuclei. Furthermore, several observers

have noticed and described spontaneous changes of form in nucleoli,

which they have compared to the amoeboid movements of protoplasm.
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There axe still some considerable differences of opinion regarding the structure of

the nucleus. Thus, while Flemming looks upon the nucleoli as perfectly distinct

from the network of nucleo-plasm which may be present with them, Klein is

inclined to regard them as nothing but the optical expression of some of the

filaments of the intra-nucleai- network which, passing in the direction of the

axis of vision, appear as dots instead of fibres, or at least as enlargements merely

of the nodes of that network, and composed of the same substance.

Eimer describes a more complicated aiTangement as existing in many nuclei in

the form of a clear " hyaloid " zone, encircling the nucleolus, and bounded by a

circlet of gi-anules, which are united with the nucleolus by fine radial filaments.

It is difficult to avoid thinking that the appearances described by Eimer must
be mainly an optical effect produced by reflexion of light from the sides of the

nucleolus.

' Chemical nature of the nucleus.— From the affinity which, in

common with protoplasm, it possesses for certain colouring matters, as

well as for other reasons, the nucleus has been supposed by some
eminent histologists (and notably by Lionel Beale, who has applied the

term " germinal matter " to both) to be identical in nature with that

substance. Its behaviour, however, with many reagents is altogether

different ; and in general it may be said that it offers greater resistance to

their action than the substance which surrounds it.

Thus dilute acids and digestive fluids, which destroy protoplasm, only

render the nucleus more distinct. Moreover, as we have seen, it stains

much more intensely with hEematoxylin and many other reagents, than

does protoplasm, and, on the other hand, it remains in some cases

unstained by reagents which colour protoplasm intensely, for example,

solution of chloride of gold. So that chemically at least there is no
doubt a considerable difference between the nucleus and the protoplasm.

Still when we regard the spontaneous changes which are manifested by
both, and especially the important part which the nucleus plays in the

division of the cell, as will be immediately described, there is much in

favour of the view which regards the nucleus as a portion of the living

substance, which is set aside, altered it is true in chemical nature, to

preside over the multiplication and reproduction of the cell ; and in

favour of this there are observations which show that under certain

circumstances, the nucleus may enlarge at the expense of the protoplasm,

even to the extent of absorbing the gTeater part of the latter, so that the

whole cell is little else than nucleus ; and indeed, this relative increase

of size of the nucleus seems to be a change which constantly precedes

the phenomena of cell-division.

The observations on the spontaneous movements of the protoplasm of the lower
animal organisms by Dujardin, Meyer, Huxley, M. Schultze, J. Miiller, Siebold,

and others, and of that of the white corpuscles of the blood and other cells by
Wharton Jones, KoUiker, Virchow, Kiihne, and M. Schultze led eventually, as has
been pointed out by Strieker (" Handbook of Histology," p. 2), to a clearer under-
standing of the nature of cells and its formulation by E. Brilclie (" Die Elementar-
organismen" Wiener Sitzungsb. 1861) and M. Schvltze(^^ Ueber Muskelkorperchen
und das was man eine Zelle zu nennen habe " Eeichert and Du Bois-Reymond's
Archiv, 1861) ; by whom it was demonstrated that the cell membrane, which entered
materially into the conception of the structure of the animal cell as understood by
its discoverer Schwann, and his immediate successors, is in no way an essential part
of it. It should be added, however, that the existence of animal cells destitute of

a cell envelope was clearly recognized by Schwann himself (" Microscopische Unter-
suchungen," 1839, p. 209). The fundamental importance of the protoplasm and
nucleus (germinal matter) as distinguished from the ceU-membrane and other
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products of tlie protoplasm (formed material) was independently asserted by
Lionel Beale (" On the Structure of the Simple Tissues of the Human Body," 1861)

MULTIPLICATION OF CELLS.

Cells multiply by division, tlie process being as a rule binary, each cell

dividing into two other cells, these again into two, and so on. The
division of a ceU is preceded and accompanied by certain changes in

the form and constitution of the nucleus ; with comparatively unimpor-
tant modifications, these changes are similar both in the vegetable and
in the animal kingdom. Our knowledge of them was originally due to

the researches of Strasbm'ger, made chiefly upon the vegetable cell, but

was soon extended to the anmial cell by numerous observers, amongst
whom may be mentioned in the first instance Eberth, Mayzel, and
Fleimning. It is the account given by the last-named observer which
will be adhered to in the following description of the phenomena
which accompany cell-division.

The mode of cell division which is characterised by the changes in the nucleus
here to be described is sometimes known as " indirect cell-division," to distinguish

it from the division of a cell by simple constriction of its nucleus and protoplasm
into two (or more) parts ('' direct cell mtdtiplication,") which until recently was
thought to be the universal method, although now believed to occur rarely, if at all.

When a cell is about to divide, its nucleus, which may previously

have presented the usual structure characteristic of resting cells

—

consisting, namely, of a vesicle containing a network of nucleoplasmic

Fiff. 9.

Fig. 9,

—

Stages in the division of the nucleus op a living epithelium cell

IN the epidermis of a salamandek-larva. (Flemming.)

a, cell showing the nucleus transformed into a mass of contorted filaments (corre-

sponds to h and c of fig. 10) ; h, the nuclear filaments have become fewer and more

united, and begin to assiime a converging arrangement (compare d, e, f of next figure) ;

c, stellate form (compare g, fig. 10) ; d, e, hourglass contraction of the nucleus which

gradually passes off and the form c is resumed. This may occur more than once : event-

ually the filaments accumulate in a direction parallel to one another near the centre of the

cell, and then gradually separate into two sets as shown in/ {i, j, k in fig. 10). These as

they retire towards the poles gradually resume the stellate form g {I, fig. 10). The time

occupied whilst the stages above represented were passed through was about three hours.

fibres which stain darkly with carmine, and a nuclear matrix staining

less deeply (fig. 10, a)—becomes transformed in the following way. In
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the first place it appears rather larger and less defined, and its interior

is found to contain a close interlacement or skein of contorted filaments

of nucleoplasm (fig. 10, h, c), to which the nucleoli and intranuclear

network have giyeu place, whilst the nuclear matrix has lost its affinity

for staining fluids. Meanwhile the body of the cell has become, if

Fig. 10.

—

Epitheliitm cells op salamandke-larva in different stages of division.

The cells were hardened in picric or chromic acid, and stained with
hjematoxylin or safranin. Highlst magnified. (Flemming.)

a, resting cell, showing parts of the nuclear netwoi-k which is stained, as is (slightly)

the nuclear matrix ; h, first stage of division, nucleus transformed into a mass of closely

contorted filaments ;,c, second stage, filaments larger and less closely arranged : in this

and all the other figures except a the nuclear matrix is clear ; d (rather more, magnified

than the rest), filaments larger and becoming arranged in loops : this is more evident in

e, where they collectively have a rosette-like appearance enclosing a central clear space ;

/, filaments converging towards the centre, the nucleus passing into the stellate phase,

g, in which the peripheral loops of the rosette have become severed ; h, longitudinal

splitting of the filaments ;
;', equatoi'ial stage of Flemming ; the nuclear filaments parallel

with one another in the centre of the cell
; j, commencement of a separation into two

sets ; k, sejoaration more advanced ; I, stellate phase of daughter-nuclei ; m, rosette

phase of the latter ; », filaments becoming again irregularly contorted ; o, p, gradual

passage of daughter-nuclei into condition of rest (network, q). The division of the

protoplasm is seen to begin in the stage represented by m and to be rapidly com-

pleted (at n).
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previously flattened or elongated, more rounded in form, and it may often

be observed that the granules which are present in the protoplasm become
arranged into two groups placed on each side of the cell (fig. 9, a).

This condition of the nucleus passes gradually into one in which the

filaments of nucleoplasm are less fine and also less contorted, whilst they

are rather more separated fi-om one another, as if the finer filaments had
shortened themselves, and in shortening had become proportionately

thicker and farther apart (fig. 9, h ; fig. 10, d).

It is difficult to say if there is really only one filament twisted in a

complicated manner on itself, or if there are several intertwining fila-

ments. But whether originally only one or several, in the next stage, if

the latter is the case, their ends join so that there is to all appearance

only one long nucleoplasmic fibre which becomes arranged in such a

manner as to form a rosette-like structure, looping alternately in and
out from a central space which is left clear (fig. 10, e). Long before this

the membrane of the nucleus has disappeared as such, apparently being

absorbed into the skein-like system of nucleoplasmic fibres, but a zone

of clear substance, perhaps derived from the nuclear matrix, separates

that system of fibres from the protoplasm of the cell.

The fibre or fibres next separate into portions of equal length, (the

separation generally occurring in the rosette stage, although it may
happen earlier). The change often begins at those parts of the rosette

which are to become the poles of the nucleus. The peripheral loops of the

rosette become broken through, whilst the central loops tend inwards

and converge towards the centre of the rosette, so that a star is the

result (fig. 9, c ; fig. 10, /, g). Occasionally the convergence is towards

two points instead of one, so that a, double star is produced ; the divi-

sion of the nucleus being thus early indicated. This astral or amphi-
astral condition persists for some little time, but not always without

alteration, for the aster is sometimes observed to undergo changes of

form and size, becoming alternately more flattened, and again more
rounded, and this so rhythmically as to have suggested the change
being spoken of as the systole and diastole of the star.

The fibres which form the rays of the star often become split longi-

tudinally, the cleavage extending gradually from their free end towards

their centre, the result being that they are both more numerous and finer

-(fig. 10,,^, 70.

In the next phase, which is termed by Flemming the equatorial stage

ofdivision (fig.. 9,/; fig. 10, ij), the Y-shaped nucleoplasmic fibres have
become collected, parallel to one another, in the middle, often leaving

a space clear at either end ; these spaces being opposite to the poles of

the nucleus. Collectively the fibres form a somewhat barrel-shaped

system at this stage : in each fibre the angle of the V is directed towards

one of the poles of the nucleus, whilst the limbs either interlace or abut
against one another at the equator. Presently the fibres of the system

are seen to be separating into two groups (fig. 10, h), leaving a clear

space in the plane of the equator, and the two, groups, gradually become
more distinct from one another, travel towards the poles of the nucleus.

From the two gToups of fibres thus separated the nuclei of the two
new cells become derived, and we may speak of them, therefore, as the

nucleoplasmic fibres of the daughter-nuclei. The mode in which they

resume the structure of ordinary nuclei is by a reversal of the phases

which were exhibited by the mother-nucleus. Thus the nucleo-
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plasmic fibres in each of the two daughter-nuclei take on first of all a

stellate disposition (fig. 10, I), next the rays of the star become united

in loops, so that the rosette condition is reproduced (fig. 10, m), then each

rosette becomes a skein of contorted fibres (fig. 10, n, o) and finally the

normal condition of a resting nucleus is attained with its nuclear mem-
brane, and intranuclear network (fig. 10, ([)

In addition to tlie nucleoplasmic fibres, the changes of which have been described

above, other fibres may often be seen in the clear substance which occupies the

ends of the mother nucleus in the equatorial phase, converging- from the equator

to the poles ; and, when the daughter-nuclei have become separated, bridging across

the intei"val between them (see fig. 11). These fibres do not, like the others, become
stained with ha3matoxylin, and are hence termed " achromatic " by Flemming : they
are much better marked in some cells than in others, and they probably exercise

an important influence as guides, along which the movements of the other

fibres take place. In the division of the ovum, and in the multiplication of the

nuclei of vegetable cells the achromatic fibres are exceedingly prominent and
form a spindle shaped system of a characteristic aspect and looking at first

sight very different from those nuclei the division of which has just been

Fig. 11.

Fig. 11.

—

Stages in the division op the ovum ok egg-cell op a worm. (Strasburger.

)

a, resting state ; 6, nucleus transformed into a spindle-shaped system of fibres, which
are provided with thickenings at the equator of the spindle ; c, separation of equatorial
thickenings into two parts which gradually travel towards the poles of the spindle and
there become transformed into new (daughter) nuclei, whilst the protoplasm at the
same time also separates into two parts {d, c, f) ; g, repetition of the division process,
formation of spindles in daughter cells ; h, result of the division of these. (The nuclear
filaments shown in fig, 10 are here probably only represented by the thickenings at the
equator of the spindle-shaped system, which is mainly formed by fine straight filaments,
which stain far less with hsematoxyliu than the othei's, and on account probably of their
less distinctness and want of colouration ai'e not seen in the nuclei represented in tig. 10.)

described. But transitions which are met with indicate that the spindle and
its transformations represent merely simplified modifications of the usual type,
resulting it may be from the scanty amount of nucleoplasm or substance stain-
rug with ha;matoxylin. and the relatively large amount of achromatic material in
those nuclei in \\hich the spindle is prominent.
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Meanwhile the protoplasm of the cell has begun to collect itself towards

each of the two new nuclei. This often commences whilst the daughter-

nuclei are yet in the stellate phase. By the time that they have arrived

at the rosette stage, the protoplasm has usually divided into two equal halves

(fig. 10, m), the process being generally accompanied by a constriction

which extends in from the exterior, and is presumably effected by the

powerful and equal attraction which is exerted upon it by the new
nuclei.

In proof of some sucli influence, may be adduced numerous instances in which,

the grantiles of the protoplasm become arranged iu lines converging towards the

poles of the mother-nucleus, or towards the daughter-nuclei, thus producing an
amphi-astral appearance in the cell. This is often very distiuct in dividing

ova (fig. 11).

The division of the cell is now complete. The two daughter-cells are

of course each at first smaller than the mother-cell, but they soon grow,

and the i3rooess may recommence and be repeated in them, and in

this way cell-multiplication may be exceedingly rapid. The cells com-
monly become entirely separated ; in some tissues, however—cartilage,

for instance—they may remain in proximity,producing thus groups of two
or four newly-formed cells, which^ in the case of that tissue, may at first

be enclosed in a common cavity of the matrix ; this process of multi-

plication has been styled " endogenous." But it is in all probability

essentially the same as in the less solid tissues.

Fig. 12.

Fig. 12.—Multinucleated cells fkom the makrow. Hishly magnified. (E.A.S.)

a, a large cell the nucleus of which appears to be partly divided into three by constric-

tions ; b, a cell the enlarged nucleus of which shows an appearance of being constricted

into a number of smaller nuclei ; c, a so-called giant-cell with many nuclei ; d, a smaller

cell with three nuclei ; e—i, other cells of the marrow.

Sometimes, a multiplication of nuclei within a cell occurs without im-
mediate separation into new cells, as in the white corpuscles of the blood

in which it is common to see two, three or even more nuclei ; in the large

multinucleated cells which are found in the medullary cavities of bone,

(fig. 12), and in the spermatic cells of the testis, the nuclei of which
may undergo division a number of times prior to the separation of a

part of the protoplasm around each. The division of the cell itselt

occurs in these cases by a portion of the protoplasm gathering around
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each of the daughter-nuclei, and the original cell thus dividing into as

many new cells as there are nuclei in it.

Instances have been observed out of the body in which the amoeboid movements
of the protoplasm seem to have been concerned in the cell-division, but this

occuiTence is seldom, and most likely accidental; indeed, it is found, as a general

laile, that whilst cell-division is proceeding-, the external manifestations of activity

of cell-protoplasm cease almost entirely.

The following are the more importf.nt phases of change of the dividing nucleus

put in tabular foiTu (Flemming)* :

—

Mother-nucleus.
Network. (State of rest).

Skein.

(Rosette).

Aster.

Equatorial grouping of fibres,

^» >-

Baurjhter-miclei.

Networks.
Skeins.

(Rosettes).

Asters.

OF THE ORIGIN OP CELLS.

So far as is at present known, every cell in the animal body has been
derived from a previously-existing cell. If we trace back the develop-

ment of the cells of which the body is at one time entirely composed

—

the so-called emhyronic cells (fig, 13),—we find that
Fig. 13, j^Qj r^j-e originally produced by the division of a

Fig. 13.

—

Three cells from early embryo op the cat. Highly
MAGNIFIED. (E.A.S.)

h, protoplasm ; c, nucleus vnih. nucleokis. The lowermost cell

has two nuclei.

Fig. 14. single cell derived from the female

parent, and termed the ovum or

egg-cell.^

Cell-nature of the mamma-
lian ovum.—The ovum (fig. 14),

as it occurs in the female organ or

Fig. 14.

—

Ovum of the cat ; highly
MAGNIFIED. SeMI-DIAGEAMMATIC.
(E.A.S.)

2p, zona pellucida ; vi, vitellus
;

gv,

germinal vesicle
; gs, germinal spot.

ovary, is a large ceU enclosed in a
distinct envelope ; otherwise con-
sisting like other animal cells of

protoplasm and a nucleus.

* The term " kai7okinesis " is sometimes applied collectively to the changes of a
dividing nucleus,

+ In the account which follows of the early changes which the ovnm nndergoes, lead-
ing to the production of the embryonic cells, no attempt is made to give a complete history
of the early developmental processes, but the subject is merely alluded to in connexion
with the relation which the egg-cell bears to other cells of the animal body. The full
description of the processes in question will be found in the chapter on Embryology, at
the end of this volume.
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Special names liave long been applied to these parts in the ovum. Thus the

nucleus of the ovum is termed the germinal vesicle (gv), and the main collection

of nucleoplasm within it—the nucleolus—is termed th.e germinal spot (gs) j while

the protoplasm of the cell has been named the vitellus or yoUd (vi). Enclos-

ing the whole is a thick radially striated structure, the zotia pellueida (zp).

This egg-cell or germ-cell is not, at least in the higher animals, capable

of undergoing complete cell-division, and thus initiating development,

without first passing through certain changes which are not, it is

believed, shared by ordinary cells. To these changes in the ovmn the

terms maturation and fertilizatmi are applied, and their result is the

production of the first embryonic cell.

The maturation of the ovum essentially consists in the extrusion of a portion

of the nucleus or germinal vesicle, together with a small amount of the pro-

toplasm or vitellus. This process of extrusion appears to be really a division

of the cell into two very unequal portions, the larger of the two being still

termed the ovum, the smaller, which may again divide into two, being termed
a polar globule, or it might be better to term it an extrusion-globule. The
following is the way in which this change becomes effected * :—Soon after

the ovum leaves the ovary, or immediately before, its nucleus, which previously

Fig. 15.

Fig. 15.

—

Stages in the formation op the polae globules in the ovum of
A STAE-EisH (from Hertwig).

g.v, germinal vesicle transforraed into a spindle-shaped system of fibres
;

p', the first

jjolar globule becoming extruded from the surface of the ovum
; p, p, polar globules

completely extruded
; fpn, female pronucleus,

presented the structure typical of the nucleus of a resting cell, shows indica-

tions of a change, and becomes transformed into a spindle-shaped system of

fibres which is situated near the sm-face of the vitellus (fig. 15, g.v). Presently

one pole of the spiudle is protruded from the surface of the vitellus (2^' ) ^^ ^
space (perivitelline space) between the zona pellueida and the vitellus, caused by
a shrinking of the latter. In the next place the substance of the nucleoplasmic

fibres gradually collects towards the poles of the spindle in much the same way

* The description which follows applies to the ovum of the star-fish as observed by
Fol aud Hertwig ; but the researches of Ed. van Beneden indicate that similar phenomena
attend the extrusion of the polar globules in the mammalian ovum, although on account

of the difiiculties of the observation all the phases have not as yet been seen.

VOL. II. c
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as during the division of the-.nticleus in an ordinary cell, and two daughter-nuclei

are thiis formed, one remaining in the ovum, and the other, together with a very

small amount ef the vitellus, becoming free in the perivitelline sj^ace as a polar

globule (fig. 15, 3, ^;'). This may agam undergo division, or a second polar

globule may be produced from the nucleus of the ovum in the same way as was
the first. The nucleus of the ovum now moves again towards the centre, there

to await the advent of the fertilizing agent. Since it is now somewhat different

from an ordinary nucleus in its incapability to initiate the division of the cell

without the access of a fertilizing agent, as well as in structm'e, no
nucleoplasmic network being visible, it is no longer termed the nucleus, but

the female2}?-o-m(ck'us (fig. 15, 4, bf.jrii).

Arrived at the condition above described, the ovum seems incapable of under-

going further change until it has received and blended with a portion of one
of the male generative cells. The latter give off, in a manner which will be
described when the male organs of generation are treated of, minute portions

of their nuclei and protoplasm in the form of the so-called spermatozoa.

These consist of an extremely minute particle of nucleoplasm termed the

head, a small intermediate mass of protoplasm named the body or neck, and a
long spontaneously vibratile filament, the tail, by the movements of which they

Fig. 16.

Fig. 16.

—

Fertilization op the ovum of an echij^oderm (Selenka).

s, spermatozoon ; m.pr, male pronucleus
; f.pr, female pronucleus.

1. Accession of a spermatozoon to the periphery of the vitellus ; 2. Its penetration,

and the radial disjwsition of the vitelline granules ; 3. Transformation of the head of the

spermatozoon into the male pronucleus ; 4, 5. Blending of the male and female i^ronuclei.

are propelled, and thus assisted to reach the ovum. This accomplished, they
pierce the zona pellucida, and the head of a spermatozoon, generally of only one,

becomes bui-ied in the periphery of the vitellus (fig. 16,1). The imbedded head en-

larges, and becomes transformed into a clear spheroidal body, the male 2^i'o-nuclei(s,

which, as the lines of vitelline granules which converge towards it indicate,

exei-ts a powerful influence upon the protoplasm of the ovum (2, .3). Soon it begins

to move towards the female pro-nucleus, and reaching this the two become blended
and a new nucleus is formed by their coalescence (4, 6). It is this nucleus, formed
by the fusion of the male and female pro-nuclei, which initiates the division of

the egg-cell and thus commences the development of the embryo.

Production of embryonic cells from the fertilized ovum, and
their arrangement into layers.—Fertilization being completed, the

ovum proceeds to divide into two daughter-cells (termed segments or

hlastomeres) in the same manner, and passing thi'ough the sam.e phases,
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as any other dividing cell. It is true that all the different forms of the

nuclear fibres and the stages above described, in speaking of cell-division,

have not been made out in the division of the egg-cell, but enough has

been seen to warrant the assumption that the process is in the main the

same. The result is, however, somewhat different, for in the mammalian
ovum the two daughter-cells are not perfectly similar : one of them is

larger, clearer, and, as the sequel shows, possessed of greater develop-

mental activity than the other one, which is smaller and more granular.

"We may provisionally term the former the ectomere and the latter the

entomere (fig. 17, a). The segmentation into two cells is soon followed

by the division of each of these so that fom* are produced (fig. 17, h),

and the process of multiplication being continued with more or less

regularity a small solid mass of cells eventually results from the division

Fig. 17.—FlKST STAGES OP SEGMENTATION OP A MAMMALIAN OVtJM : SEMI-DIAGKAMMATIO
(Drawn by Dr. Allen Thomson, after Ed. v. Beneden's description).

z.p., zona pellucida
; p.gl, polar globules ; ect, ectomere ; ent,, entomere. a, division

into two blastomeres; h, stage of four blastomeres ; c, eight blastomeres, the ectomeres
partially enclosing the entomeres ; d, e, succeeding stages of segmentation showing the
more rapid division of the ectomeres and the enclosure of the entomeres by them.

of the egg-ceU (fig. 17, e, and fig. 18, a). Presently fluid tends to
accumulate in the interior of the mass (fig. 18, I), transforming it into
a hollow vesicle which is termed the hlastodermk vesicle (fig. 18, c, d).
The wall of this is formed by only a single layer of flattened cells {ed.),
except at one part where there is a small patch of granular cells {ent.)
constituting another but an imperfect layer, which, however, before long
extends around the Avhole vesicle. A third or intermediate layer (derived
from one or both the others) makes its appearance between the two
which are first formed so that the blastoderm is finally tri-laminar.
The outermost of the three blastodermic layers is termed the ectoderm
or epihiast, the innermost, the entoderm or hypoblast, while the inter-
mediate layer is the mesoderm or mesollast (see fig. 20).
The result then of the division of the ovum is the production of

C 2
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Fig. 18.

Fig. 18.— Sectiojsts of the ovum op the rabbit during the later stages of

SEGMENTATION, SHOWING THE FORMATION OF THE BLASTODERMIC VESICLE (E. V. Beneclen).

a, Section sliowing the enclosure of entomeres by ectomeres except at one spot—the

blastopore ; h, more advanced stage in which iluid is beginning to accumnlate between

entomeres and ectomeres, the former completely enclosed ; c, the fluid has much increased,

SO that a large space separates entomeres from ectomeres except at one part ; d, blasto-

dermic vesicle, its wall formed of a layer of ectodermic cells, with a patch of entomeres

adhering to it at one part ; z.p., ect., ent., as before.

Ym. 19. «. f.

Fig. 19.—A. Section through part op a bilaminar blastoderm op the cat (E.A.S.)

ect., ent., ectoderm, entoderm ; z.p., thinned out zona pellucida.

Fig. 20.

—

Section op trilaminar blastoderm of the babbit (Kolliker). ect., ent.,

as before ; mes., mesoderm continuous in middle
(
j^r.) with ectoderm.
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mimerous cells (embryonic cells), which are arranged in the three

definite layers above enumerated. From these embryonic cells and

their descendants the various tissues of the body eventually become

formed. This development of the tissues or "histogenesis" does not

take place promiscuously, but there is a certain relation maintained

between the several layers of the blastoderm, and certain tissues ; that

is to say, some tissues are always formed from cells belonging to one

layer, others from cells belonging to another. The following is the

relation, given in tabular form :

—

Nervous tissue.

The epithelium of the sense organs.

The epithelium of the central canal of the spinal

^ .9^ ( cord and of the ventricles of the brain.
iipiblast r{,j^g epithelium of the skin (epidermis).

I The epithelium of the mouth.

Entoderm ]

or [- The epithelium of the alimentary canal (except the

Hypoblast j mouth) and of the glands in connexion with it.

yr , I The renal epithelium.
Mesoaerm I r^-^^ epithelium of vessels and serous membranes.

T\/r °Vvi J-

"^^^ connective tissues (including cartilage and bone).
Mesobiast

[ Muscular tissue.

OF THE NUTRITION AND GROWTH OF CELLS.

When a cell divides, the resulting cells, as we have seen, are smaller than
the original cell ; but they speedily grow, and each, of the daughter-cells before

long attains the size of the mother-cell. In order to enable cells thus to grow or

increase in size, they are supplied with nutritive material, which, under ordinary

circumstances is immediately derived from the plasma of the blood, which
transudes through the coats of the small blood-vessels, and thus reaches the

elements of the tissues. It is in all cases a necessary condition that this material

of nutrition should be brought within reach of the spot where nutrition goes on,

although it is not essential for this purpose that the vessels shordd actually pass

into the tissue.

In the instance of cuticle and epithelium, no vessels enter the tissue, but the
nutrient fluid which the subjacent vessels afford penetrates a certain way into

the growing mass, and the cells continue to assimilate this fluid, and undergo
their changes at a distance from, and independently of, the blood-vessels. In
other non-vascular tissues, such as articular cai-tilage, the nutrient fluid is doubt-

less, in like manneT, conveyed by imbibition through their mass, where it is then
attracted and assimilated. The mode of nutrition of these and other non-vascular

masses of tissue may be compared, indeed, to that which takes place throughout
the entii-e organism in cellular plants, as well as in those simple kinds of animals
in which no vessels have been detected. But even in the vascular tissues the con-

ditions are not absolutely different ; for although the vessels traverse the tissue,

they do not penetrate into its structural elements. Thus the ca,pillary vessels of

muscle pass between and around its fibres, but do not penetrate their inclosing

sheaths. The nutrient fluid, on exuding from the vessels, has here, therefore, as

well as in the non-vascular tissues, to permeate the adjoining mass by transuda-
tion, in order to reach these elements, and yield new substance at every point
where renovation is going on. The vessels of a tissue have, indeed, been not
unaptly compared to the artificial channels of irrigation which distribute water
over a field; just as the water penetrates and pervades the soil which lies between
the intersecting streamlets, and thus reaches the growing plants, so the nutritious

fluid, escaping through the coats of the blood-vessels, must permeate the interme-
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diate mass of tissue which lies in the meshes of even the finest vascular network.

The quantity of fluid supplied, and the distance it has to penetrate beyond the

vessels, will vary according to the proportion which the latter bear to the mass
requiring to be nourished.

By its growth taking place more in one direction than another, a cell becomes
uodified in shape. Of course, if a cell, origiaally spherical, grows equally in all

directions, the spherical form is maintained, except in those cases where, by
mutual compression the cells acquire flattened sides and a polyhedral shape. If

the cell grows out very much more in one direction than in others, a fibre may be

formed, as in the production of nerve-fibres ; or, if a cell thus produced becomes
hollowed out and united with other similar cells, a vessel may result, as in the

production of blood-vessels. By the growth of a cell at several different points

or by its retraction between certain points, a stellate form is produced ; and,

indeed, innumerable instances might be given of modifications in the shape of

cells produced by inequalities in growth.

One of the modifications in shape produced by compression has just been referred

to. Another instance is seen in those cases in which, by the continual division

and growth of deeper lying cells, other cells, which are placed more superficially,

become flattened out and forced towards the surface, as happens in the case of the

stratified epithelia.

"Waste of the tissues.—The tissues and organs of the animal body, when once
employed in the exercise of their functions, are subject to continual loss of

material, which is restored by nutrition. This waste or consumption of matter,

with which in all cases the use of a part is attended, takes place in different

modes and degrees in different structures. Thus in the cuticle the decayed parts

are thrown off at the free surface ; in the vascular tissues, on the other hand, the

old or effete matter must be first reduced to a liquid state, then find its way into

the blood-vessels, or lymphatics, along with the residual part of the nutritive

plasma, and be by them carried off.

Eegeneration.—^Vhen a part of a texture has been lost or removed, the loss

may be repaired by regeneration of new substance of the same kind; but

the extent to which this restoration is possible is very different in different

textures. The special circumstances of the regenerative process in each tissue

will be considered hereafter ; but we may here state generally, that, as far as is

known, the reproduction of a texture is effected in the same manner as its original

formation.

I/iterature.—The following are tlie more recent papers of importance on the structure

of cells and the changes which they undergo during division : G. Heitzmann, Untersuchung-

en fiber das Protoplasma, Wiener Sitzungsb. 1873. L. AueriacTi, Organologische Studien,

1874. C. Frommann, Zur Lehre von der Struktur der Zellen. Jena Zeitschrift, 1875, and
subsequent papers in tlie same journal. 0. Butschli, Untersuchungen betreffend die ersten

Entwicklungsvorgange im befruchteten Ei &c. Zeitschr. f, wissensch. Zoologie XXV. Stras-

hurger, Ueber Zellbildung u. Zelltheilung. Jena, 1875 and 1876 ; Studien iiber das Proto-

plasma. Jena Zeitschr. 1876 ; Ueber Befruchtung u. Zell-theilung. Jena Zeitschr. 1877; and
Neue Beobaclitungen, 1879 (^chiefly on the vegetable cell). 0. Herttvig, Bcitrage zur Kennt-
niss des Bildung, Befruchtung und Theilung des thierischen Eies. Morphol. Jahrbuch I.

1873, 111. 1877, and IV. 1878. W. Mayzel, Ueber eigenthumliche Vorgiinge, &c.

Centralblatt f. d. med, Wissenschaften, 1875. E. v. Beneden, La maturation de I'oeuf,

.&c., Bull, de I'acad. roy. de Belgique, 1875 ; Embr3'ol. du lapin, Arch, de Biol., 1880.

E. Hertwig, Beitriige z. e. einheitl. Auffassung d. verschied. Keruformen. Morph. Jahrb.

1870. W. Flenwiing, Zellkern. Arch. f. mikr. Anatomic, Bd. Xlll. Zur Kenntniss der
Zelle u. ihrer Thcilungscrschcinungen, Ibid. XVI. and XVII, Peremcsckko, Ueber die

Theilung der thierischen Zellen. Arch. f. mikr. Anat. XVI. and XVII. C. J. Eberth,

Ueber Kern-und Zell-theilung. Virchow's Archiv., Bd. 67, 1876. Th. Eimer, Ueber den
Bau des Zell-kerns, Arch. f. mikr. Anat. XIV. H. Fol, Sur le commencement do
I'henogenie, Arch. d. sciences physiques et naturelles, 1877, and printed separately, 1879,

S. Strieker, Beobacht. ueber die Enstehung des Zell-kerns. Wiener Sitzungsb. 1877.

E. Klein, the structure of cells and nuclei. Qu. Journ. Micr. Sci., 1878 and 1879
;

On the glandular epithelium and division of nuclei in the Newt, 1879. Th. W. Engelmann,
Physiologic der Protoplasma-bewcgung : in B[andb. der Physiologic v. L. Hermann. C. S.

Minot, Growth as a function of cells : and Preliminary notice of certain laws of histological

differentiation in the Proc. Boston Society of Nat. Hist. 1879.
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THE BLOOD.

The most striking external character of tlie blood is its well-known
colour, which is bright red approaching to scarlet in the arteries, but of

a dark purple or modena tint in the veins. It is a somewhat clammy
and consistent liquid, a little heavier than water, its specific gravity

being about 1-055 ; it has a saltish taste, a slight alkaline reaction, and
a peculiar faint odour.

To the naked eye the blood appears opaque and homogeneous ; but,

when examined with the microscope, either while within the minute
vessels, or when spread out into a thin layer upon a piece of glass, it is

seen to consist of a transparent colourless fluid, named the " lymph of

the blood," "liquor sanguinis," or "plasma," and minute solid particles

or corpuscles immersed in it. These corpuscles are of two kinds, the

coloured and the colourless : the former are by far the more abundant,

and have been long known as " the red particles," or " globules," of the

blood ; the " colourless," " white," or " pale corpuscles," on the other

hand, being fewer in number and less conspicuous, were later in being

generally recognised.

When blood is dra-wn from the vessels, the liquor sanguinis separates

into two parts ;—into fibrin, which becomes solid, and a pale yellowish

liquid named serum. The iibrin in solidifying involves the corpuscles

and forms a red consistent mass, named the clot or crassamentum of the

blood, from which the serum gradually separates. The relation between
the above-mentioned constituents of the blood in the liquid and the

coagulated states may be represented by the subjoined scheme :—

(Corpuscles . . . . \

'

Clot ^

/"Fibrin . . )

VLiquor sanguinis <

iSerum . ,

Coagulated blood.

In a cubic millimeter of healthy human blood there are on an average

5,000,000 red corpuscles (Vierordt) and 10,000 white corpuscles. The
number of white corpuscles varies much more than that of the red, and
the proportion of the white to the red is variously given at from 1 : 1000
to 1:250. There are said to be fewer red corpuscles in the female

(4,500,000 in a cubic millimeter according to Welcker).

Tlie numeration of the blood-corpuscles is readily ijerformed. A little blood,

obtained by pricking the finger, is measured in a capillary tube, and is then

mixed with a measured amount (say 100 times its volume) of dilute solution of

sulphate of soda, or some other salt which will maintain its fluidity and at

the same time preserve the coi-puscles nearly unaltered ; the latter can then be

counted in a small known quantity of the mixture. This part of the operation

is efPected by placing a di'op of the mixture in the middle of a glass " cell " of

a certain depth (say j^^th of a millimeter), the bottom of which is ruled in squares,

the sides of which are of a known dimension (say again i mill.). If now a

covering glass is placed over the cell so as to touch the drop, the latter will form
a layer of the mixture ~ mill, deep, and the part above each square will represent a

cube of liquid the sides of which measure ^^g mill. So that by counting the number
of corpuscles in a square, after allowing them time to subside, the number in this
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volume of the mixture is obtained. It is clear that a simple calculation will

then give the number in a cubic millimeter of the blood employed.
The methods of Hayem and Nachet, Gowers, and Thoma are based on the

above principle. The average results obtained by recent investigators agree
closely with the original estimates of Vierordt and Welcker.

¥i<'. 21.

RED CORPUSCLES OP a?HE BLOOD.

These are not spherical, as the name " globules," by which they were

formerly designated, would seem to imply, but flattened or disk-shaped.

Those of the human blood (fig. 21 and fig, 22, a) have a nearly circular

outline, like a piece of coin, and most of them also jDresent a shallow cup-

like depression or dimple on both surfaces ; their usual figure is, therefore,

that of biconcave disks. Their magnitude differs somewhat even in the

same ch'op of blood, and it has been variously assigned by authors ; but

the prevalent size may be stated at from -g-^Voth to y-aVo^^^ of an inch

(•007 to 'OOS milhmeter)* in diameter, and about one-fourth of that in

thickness.

Fig. 21.

—

Human blood as seen on
a?HE -WAEM STAGE. MAGNIFIED
ABOUT 1200 DIAMETERS (B. A. S.).

r, r, single red corpuscles seen lying

flat ; r', r', red corpuscles on their

edge and vievyed in profile ; r", red

corpuscles arranged in rouleaux ; c, c,

crenate red corpuscles
; p, a finely

granular pale corpuscle
; g, a coarsely

granular pale corpuscle. Both have
two or three distinct vacuoles, and
were undergoing changes of shape at

the moment of observation \ in g, a
nucleus also is visible.

In mammiferous animals gene-

rally, the red corpuscles are shaped

as in man, except in the camel
tribe, in which they have an ellip-

tical outline. In birds, reptiles,

amphibia, and most fishes, they
are oval disks with a central ele-

vation on both sm-faces (fig. 22, B,
^ and fig. 27, from the frog), the

height and extent of which, as

well as the proportionate leng-th and breadth of the oval, vary in different

instances, so that in some fishes the elliptical form is almost shortened into a

circle.

The size of the corpuscles differs greatly in the different classes of Vertebrata

;

they are largest in the Amphibia. Thus in the frog they are about —^ th of an
inch long and jjgoth broad ; in Proteus anguinus, -^th. of an inch long and
^^^th broad : in Amphiuma tridactylum, where they are largest, the red corpus-

cles are one-third larger than those of the Proteus. In birds they range in length

from about ^ ^gth to t^oo^-'^
'^^ ^^ inch. Amongst mammals the elephant has the

largest red blood-coipuscles (^^^th of an inch) ; those of the dog average g^th
of an inch ; those of the sheep g^th of an inch ; the goat was long supposed

* The one-thousandth part of a millimeter is often known as a micro-millimeter or

micron, and is represented by the Greek letter ju. The diameter of a red blood corpuscle

is then expreesed as 7—8 microns (7 /*—8 w).
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fco have tlie smallest, (^~ th. of an incli) but Gulliver found them about half this

size in the Meminna and Napu deer.

In observations upon the blood of different races of mankind, Richardson found
no constant difference, the average diameter of the red blood-corpuscle being
gJ^th of an inch. The corpuscles of many mammals, and notably the dog
among the common domestic animals, approach so nearly in size to the human
blood-corpuscles as to be quite undistinguishable from them.

Fig, 22.

^r 7

Fig. 22.—Human red corpuscles (A) and blood corpuscles of the frog (B) placed

SIDE BY SIDE TO SHOW RELATIVE SIZE. 500 DIAMETERS.

1, shows their broad surface ; 2, one seen edgeways ; 3, shows the effect of dilute

acetic acid ; the nucleus has become distinct (from Wagner).

When viewed singly by transmitted light the coloured corpuscles do

not appear red, but merely of a reddish-yellow tinge, or yellowish-green

in venous blood. It is only when the light traverses a number of cor-

puscles that a distinct red colour is produced.

In consequence of the shape of the corpuscle, it looks darker in the

middle than at the edge when viewed with only a moderate magnifying

power, or at a distant focus ; but the middle of the corpuscle appears

lighter than the periphery when a close focus or a very high magnifying

power is employed.

The red disks, when blood is drawn from the vessels, sink in the

plasma ; they have a singular tendency to run together, and to cohere

by their broad surfaces, so as to form by their aggregation cyhndrical

columns, like piles or rouleaus of money,
and the rolls or piles themselves join

together into an irregular network (figs.

21 and 23). Generally the corpuscles

separate on a slight impulse, and they

may then unite again. The phenomenon
is most readily explained by supposing

the substance composing the corpuscles

to possess a slight natural adhesiveness

(Lister), It will take place in blood

which has been in any way brought to

a standstill within the living vessels as

well as in blood that has stood for some j^. „„ t,
1 <?. •;_ 1 1 T 11 Fig. 23,

—

Red corpuscles collected
hours after it has been drawn, and also ^^^^ j^olls (after Henle),
when the globules are immersed in serum
in place of liquor sanguinis.

The corpuscles alter their shape on the slightest pressure, as is well

Fig, 23.
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seen ^YhiiG they move within the vessels ; they ure also elastic, for they

readily recover their original form.

The human blood-corpuscles, as well as those of the lower animals,

often 23resent deviations from the natural shape, which are most pro-

bably due to causes acting after the blood has been drawn from the

vessels, but in some instances depend upon abnormal conditions pre-

viously existing in the blood. Thus, it is not unusual for many of

them to appear shrunken and crenated, when exposed under the

microscope (iig. 21, c, c; fig. 24,/), and the number of corpuscles so

altered often appears to increase during the time of observation. This

is, perhaps, the most common change ; it occurs whenever the density of

the plasma is increased by the addition of a neutral salt, and is one of

the first effects of the passage of an electric shock. The corpuscles may
become distorted in various other ways, and corrugated on the surface

;

not unfrequently one of their concave sides is bent out, and they acquire

a cup-like figure.

Gulliver made the curious discovery that tlie coi-puscles of the Mexican deer and
some allied species present very singular forms, doubtless in consequence of

exposure ; the figures they assume are various, but most of them become length-

ened and pointed at the ends, and then often slightly bent, not unlike caraway-

seeds.

Structure of the coloured blood corpuscles.—Each red corpuscle

is formed of two distinct parts, a coloured and a colourless, but under
ordinary circumstances the two are intimately commingled, so that

every portion of the corpuscle, however small, has to all appearance the

same constitution : the corpuscles therefore look homogeneous.
Of the two parts composing the corpuscle the one which imparts its

colour to the blood-disk consists of a red crystallizable substance termed
limnogloMn, the colourless part is termed the stroma. Hajmoglobin is

readily soluble in water, and the addition of this fluid to a drop of

blood serves speedily to separate the coloured substance fi'om the colour-

less part of the corpuscle (fig. 24, a—e). The same effect, namely,

Fig. 24. Fig. 24.

—

a-e, successive effects of water upon
, a red blood-corpuscle ; a, corpuscle seen edgeways,

*^ ^
Jts. /^ slightly swollen ; b, c, one of the sides bulged out

t^^ C,J i) (cup form) ; d, spherical form ; e, decolorized stroma;
&> f, a thorn-apple shaped corpuscle (due to exposure)

;

ff,
action of tannin upon a red corpuscle.

the discharge of colouring matter from
the corpuscles, may be produced by
various other means, such as the action of

heat (60° C), the alternate freezing and thawing of a portion of blood,

the action of ether and chloroform vapour, and the passage of electric

shocks through blood ; in these cases the hemoglobin becomes dissolved

by the scram. Many watery solutions, such as dilute acids, act hke
water itself The effect of a solution of tannic acid is peculiar, ft'om

the fact that the haemoglobin, although discharged from the corpuscle,

yet being insoluble in the solution, is immediately jDrecipitated upon
the surface of the stroma in the form of a small darkly coloured globule
(Eig. 24, g.) (W. Eoberts).

The blood or serum of many animals belonging to different genera
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cannot be mixed without producing tlie decolorization and destruction of

the red corpuscles of one or both sorts of blood (Landois).

Blood in which the haemoglobin has been dissolved out from the

corpuscles by any of these means is seen to have lost its opaque appear-

ance, and to have acquired a transparent laky tnit ; the change depends

upon the fact that the colouring matter when dissolved in the serum and
forming a homogeneous layer, interferes less with the transmission of light

than when occmTing in scattered particles.

Fig. 25.

Hemoglobin after being thus separated from tiae blood-corpuscles is prone to

undergo crystallization. The crystals present various forms in different animals,

but almost all (the hexagonal plates of

the squirrel being alone excepted) belong

to the rhombic system. From human
blood and that of most mammals, the

crystals are elongated prisms (fig. 25, 1),

but they are tetrahedrons in the guinea-

pig (2), and short rhombohedrons in the
hamster (4). They are most readily ob-

tained for microscopical examination from
the blood of the rat, where they appear
merely on the addition of a little water.

All hsemoglobin crystals contain a
certain amount of water of crystallization

(Kiihne). They are doubly refracting

(anisotropous). The spectrum of hsemo-
globin, whether in substance or in solu-

tion, may be always readily recognized

by the double or single absorption bands,

which are produced according as it is

present in the oxidated or deoxidated

condition (Stokes).

Other coloured crystals, which may be
obtained from blood, are the so-called
" hsemin crystals " of Teichmann. They
are formed when heemoglobin is warmed
with a little salt and glacial acetic acid.

On cooling, the hsemin crystallizes out
in minute reddish-brown acicular prisms
(fig. 26), the demonstration of which
affords a positive proof of the presence

of blood-colouring matter. They may
readily be obtained from dried blood
without the addition of salt, merely by
warming it Avith concentrated acetic acid.

The amount of hfemoglobin in each
corpuscle, which is liable to variation,

may be approximately arrived at by
determining both the number of cor-

puscles and the amount of hEemoglobin
in a given volume of blood. The amount
of hfemoglobin is estimated by diluting

a sample of blood with a known amount
of water, and comparing the tint of
the solution so obtained with that of

a solution of hasmoglobin of known

Fig. 25.—Blood-crystals, magnified.

1 , from human blood ; 2, from the

guinea-pig ; 3, squirrel ; 4, hamster.

Fiff. 26.
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Fig. 26,—H^MiN
FiED (from Preyer).strength. A very convenient means of

quickly obtaining an idea of the amount
of hsemoglobin in a sample of blood is afforded by. the
Gowers, which is arranged on the above principle.
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The stroma of the red corpuscle during the removal of the haemoglobin gene-

rally loses its discoid shape and becomes globular. It is itself composed of a
number of chemical substances, chief among which are paraglobulin, cholesterin,

and protagon.

^©

STRUCTURE OF THE NUCLEATED RED CORPUSCLES OP THE LOWER
VERTEBRATA.

Like the mammalian blood-discs the large corpuscles of the frog (fig. 27) and sala-

mander, may be described as consisting of coloured substance and stroma. They
differ from the mammalian corpuscles, however, in the possession of a more solid

particle of an oval shape which lies imbedded in the stroma, and has been long

known as the " nucleus." It is rather more than one-third the length of the

corpuscle, but in the natural unaltered condition is seldom visible ; this is probably

owing to the fact that it possesses very nearly the same index of refraction as

the rest of the corpuscle. For it may be rendered visible, even under such circum-

stances, by the combined action of watery vapour and carbonic acid upon the

blood ; a precipitate (of paraglobulin) is thus produced upon the nucleus, and its

outline comes into view : on readmission of air the precipitate is re-dissolved, and
the nucleus again becomes faint or disappears (Strieker).

The effect of most reagents is similar to that produced on human blood. Water
causes both stroma and nucleus to swell up by imbibition, the coloured part being

at the same time extracted. A
Fig. 27. dilute solution of acetic acid in

an indifferent fluid also removes

^> the colouring matter, but the

r- '^ stroma and nucleus retain their

shape, the last-mentioned body
presenting a markedly granular

appearance (fig. 22, .3) ; if strong

acetic acid be employed, the

nucleus often acquires a reddish

tint. Alkalies, on the other

hand, even when very dilute,

rapidly destroy both corpiTscle

and nucleus. Various reagents

added to newt's blood cause the

coloured part of the corpuscles

to become gradually withdrawn
from the stroma, and collected

around the nucleus ; this is espe-

cially the case with a two per

cent, solution of boracic acid

(Briicke) : the coloured matter

and nucleus (" zooid ") may sub-

sequently be altogether extruded

from the body of the coi-puscle

(" oecoid").

Dilute alcohol brings to view
one, or at most two, nucleoli

within the nucleus of the am-
phibian red corpuscle (Ranvier, Stirling). In other respects also this structure
resembles the nucleus of an ordinary cell, for it contains a network traversing
its interior (fig. 28), which is, however, very close, and produces under moderate
powers of the microscope a somewhat granular effect. It is doubtful whether the
nucleus of the adult coipuscle can tmdergo division, although in the young state
the division of the nucleus, followed or accompanied by that of the corpuscle, has
frequently been observed.

A question which has been much discussed, is as to the existence of a mem-
brane or cell-wall around the red corpuscle. The effects of the action of water
and of a solution of salt respectively, seem in favour of the view that

Fig. 27.

—

Frog's blood (Kanvier).

a, red corpuscle seen on the flat ; v, vacuole in

a corpuscle ; 6, c, red corpuscles in profile ; n, pale

corpuscle at rest ; m, pale corpuscle, exhibiting

amoeboid movements ; 'j^, coloured fusiform cor-

puscle.
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sucli a membrane is present. The addition of water to the blood, causes

the corpuscles, both those of man and of the frog, to lose their flattened shape
and to become spherical ; and since this change will occur long after the
blood has been drawn, and cannot, for this and other reasons, be referred to

the existence of contractility in the corpuscle, there is only one explanation
which can be offered ; namely, that water has passed into

the corpuscle by osmosis, and has thus distended the Fio-. 28.

corpuscle. In the same way the action of salt, in causing

a crenation of the corpuscle, can be best explained by
supposing that watery fluid has passed out from the

corpuscle by osmosis, so that the superficial layer which
envelopes the rest of the corpuscle is thro^^Ti into folds

or creases. But it is not necessary to suppose that this

enveloping layer is of the nature of a distinct membrane

;

for if we assiime that the substance of the corpuscle has
a more fluid consistence internally than near the exterior,

a sufficient explanation of the phenomena resulting both pjo-. 28. Colouked
from the action of water and of salt is obtained without corpuscle of sala-

asserting the existence of a definite membrane, a structure mander, showing
which no one has succeeded in demonstrating in an intra-nuclear net-

isolated form. work (Flemming),

Gaule has recently described the development under
certain conditions within the red corpuscles of the frog of a minute organism
which subsequently escapes from the corpuscle, and moves actively about in the

surrounding fluid. G-aule is of opinion that the organism in question is formed
out of the living substance (protoplasm, zooid) of the red corpuscle, and is an
active free condition of this. It would seem, however, to be far more probably

of a parasitic nature, developed from a minute invisible germ that had lain

latent within the corpuscle, ready to undergo development under favourable

conditions.

Under the influence of certain conditions (heat, presence of septic material)

and reagents (urea solution, dilute sherry wine), the coloured blood-corpuscles

often extrude fine beaded filaments which may attain a considerable length, and
undergo varied changes. As Dowdeswell has correctly pointed out, these

filamentous extrusions militate decidedly against the existence of a membranous
envelope to the corpuscle. It is not by any means proven, however, that the

filaments are protoplasmic in nature, like the amoeboid processes of the colourless

corpuscles, for it is possible to explain their occurrence by supposing that they
are caused by the action of the fluid upon the protagon in the stroma, much in

the same way as the well-known " myelin figures " are formed from the protagon
in the white substance of nervous tissue when this is submitted to the action

of water.

The aflirmation of Bottcher that a nucleus is present in the mammalian red

blood-corpuscle, rests entirely upon erroneous methods of preparation. That of

Strieker (which is a revival of the older opinions of Wharton Jones, and of Busk
and Huxley) that the mammalian red corpuscle is morphologically a nucleus with
an imperceptible amount of enveloping cell-substance, is quite distinct from
Bottcher's view, and has certain considerations to recommend it, but is supported,

at present upon an insufficient basis of fact, and is opposed, moreover, to recent

observations upon the development of the red disk.

COLOUELBSS COEPUSCLES OF THE BLOOD.

General Characters.—The white, pale, or colourless corpuscles are

few in number as compared with the red, and both on this account and
because of then want of colom', they are not at first easily recognized in

a microscopic preparation of blood. Their form is very various, but
when absolutely at rest they are rounded or spheroidal. Measured in

this condition they are found to be about -rro o^^^ of an inch (.001 mm.)
in diameter. They are specifically lighter than the red corpuscles.
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The white corpuscle may be taken as the type of a free animal cell.

It is a minute protoplasmic structure inclosing one or more nuclei, and the

protoplasm, being to all appearance unaltered fi-om its primitive condition,

and unenclosed in a definite membrane or cell-Avall, is capable of exhibiting

in a high degree the amoeboid movements and other phenomena which

depend upon the possession of contractility and have been already

sufficiently described. The white blood-corpuscles are peculiarly apt to

Fig. 29.

Fig. 29.—CHANaES of form of a white corpuscle of newt's blood, sketched at
INTERVALS OF A FEW MINUTES. ThE FIGURES SHOW ALSO THE INTUSSUSCEPTION OF
TWO SMALL STARCH GRANULES, AND THE CHANGES OP POSITION WHICH THESE
UNDERWENT WITHIN THE CORPUSCLE. (E. A. S.)

take into their interior minute solid particles that have been introduced

into the blood (fig. 29) ; this property has served in the hands of Cohn-
heim and others as a means of detecting escaped white corpuscles in tissues

which are wholly extravascular, such as the cornea. Some of the colour-

less corpuscles have in their protoplasm a number of comparatively coarse

round granules (fig. 21,^) which are generally grouped together round the

nucleus. These corpuscles are often distinguished from the more common
paler variety, (fig. 21, p) as the coarsely granular cells, but it has not been
shown that they are different in nature, origin, or destination.

Both coarsely granular and finely granular corpuscles are often seen,

which are much smaller than the ordinary pale cells, consisting chiefly

of a spheroidal nucleus with but little surrounding protoplasm. They
seem to be young forms of the more protoplasmic corpuscles, and are

perhaps identical with the lymphoid cells found in lymphatic glands and
similar structures.

The corpuscles often have one or more conspicuous vacuoles in their

protoplasm, but these are inconstant, and may appear and disappear in

the same corpuscle. More rarely they are filled with vacuoles so that the

cell-substance assunles a frothy aspect. This is commoner in the white
blood-corpuscles of the newt and other cold-blooded animals than in

those of man. By means of the amoeboid movement of their protoiDlasm,

the pale corpuscles, under some circumstances, possess the power of

wandering or emigrating from the blood-vessels, penetrating between the

elements of their coats, and in this manner they find their way into the

interstices of the tissues, and hence into the commencements of the

lymphatics. Cells like these which appear to be Avandering independently
in the tissues, and particularly in the connective tissue, are known as

migratory cells.
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Besides the two forms of pale corpuscles previously referred to, others have

been described which differ from them in containiag red-coloured granules in

their protoplasm. According to A. Schmidt and Semmer, such cells are very

numerous in the circulating blood, but on withdrawal of the blood from the

vessels they become rapidly destroyed and disappear without leaving a trace.

Schmidt looks upon them as transitional forms between the white and red

corpuscles, but the evidence of their constant occurrence in normal blood is at

present unsatisfactory

The pale corpuscles possess one, two, or more nuclei, wliich are generally

obscure in the living condition, but are occasionally seen when the cor-

Fiff. 30.

Fig, 30.—A PALE CORPUSCLE OF THE NEWT'S ELOOB WITH THREE NUCLEI (Klein).

a—e, Buccessive forms assumed at intervals of a few minutes.

puscle becomes flattened out (fig. 30, b, e,') and may always be brought
into view by reagents. The nuclei are apt to take on peculiar shapes,

caused perhaps by traction exercised upon them by the movements of

Fig. 31.—A PALE CORPUSCLE OP THE SALAMANDER, SHOWING Fig. 31.

ELONGATED IRREGULAR NUCLEUS WITH INTRANUCLEAR NET-
WORK. (Flemming.

)

the smTounding protoplasm. Thus a nucleus not-

unfrequently becomes elongated and either irregular

in outline (fig. 31) or folded on itself, so that when
the ends are turned up, the aj)pearance of two nuclei

is produced, where in reality there may be but one. In other respects

they have the normal structure and appearance of ceU-nuclei, contain-

ing the usual intranuclear network. The division of the nucleus and
of the corpuscles takes place m the same way as in other animal cells,

but it is probable that the phases are neither so numerous nor so

complicated. The process, as observed in the newt's corpuscle, is as

follows:— The -nucleus becomes enlarged and transformed into a

system of parallel fibres. The substance of the fibres gradually col-

lects towards the two poles of the elongated nucleus, leaving the middle
clear or bridged across only by fine filaments, while at each pole a new
nucleus becomes formed. This is followed by a constriction of the

protoplasm into two equal parts, which are collected around the two
ncAv nuclei. The change is accompanied by a radial arrangement of

the granules in the protoplasm, the lines of granules converging towards
the new nuclei.*

In some cases it would seem that the separation of the protoplasm
may not occur until some time after the division of the nucleus has been
completed ; for white corpuscles are often seen containing two or more

* The changes of the nucleus have also been seen in the white corpuscles of the Sala-

mander by Peremeschko.
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nuclei, and such corpuscles have been observed to separate into two parts,

each part taking with it a nucleus (Klein).

Action of Reagents.—Water swells up and destroys the protoplasm of the

white corpuscles, setting free the granules. If but little water be mixed with

the drop of blood, the protoplasm may not be destroyed, but the corpuscles are

swollen out (fig. 32, 1), and the granules take on an active Brownian movement.

Acetic acid causes a granular precipitate in the protoplasm, the granules collecting

around the nucleus, which is brought very strongly into view (fig. 32, 2, 3). A

Fiff. 32.

Fig. 32.

—

Colourless corpuscles treated with water awd with acetic acid. (E.A.S.)

1, first effect of the action of water upon a white blood-corpuscle ; 2, 3, white corpuscles

treated with dilute acetic acid ; «. nucleus.

clear bleb-like swelling is also generally produced from one or more sides of the

corpuscle : but this appearance is not peculiar to acids, for it is often seen as an
accompaniment of the death of the corpuscle, whether as the result of the action

of reagents or from any cause. If produced by a solution of iodine, the blebs

sometimes become coloured of a faint port wine tint, a reaction which is generally

taken as an indication of the presence of glycogen.

In the blood of the splenic vein, and also in some other parts, cells have been
noticed resembling pale corpuscles in theii- structure, but much larger, and
enclosing in their protoplasm a number of red corpuscles, or in some cases partially

disintegrated portions of red corpuscles. These are supposed to be pale cells

which have taken in some of the red corpuscles, a process which appears to

occur normally in the spleen itself.

Other microscopic elements in blood.—In the clear fluid which
intervenes between the corpuscles, and which, in a preparation which has

been made a short time, consists of serum, there can generally be detected

a network of fine interlacing filaments of fibrin. There are also to be

seen minute round colourless particles in this fluid, which become more
evident after the preparation has been made for some time, or if the

blood has been diluted with certain fluids. They are known as the

elementary particles of Zimmermann, and especial attention has been
lately drawn to them by Hayem, who re-describes them under the name
" hffimatoblasts " as the source whence new red corpuscles are derived

(see Development of Blood Corpuscles). Besides these scattered elemen-

tary particles, granular-looking masses (fig. 33), composed of exceedingly

fine colourless particles, frequently occur in a drop of blood drawn from
the finger, even when it is taken from a healthy person, but especially in

cachectic states of the system. The particles are free in the circulating-

blood, but become massed together immediately that the blood is drawn
(Osier). If one of the masses be observed for a time, at the temperature

of the body, it may sometimes be seen that the minute particles composing
it have grown out into or at least have become connected with delicate

filaments which presently take on an oscillatory Brownian movement, by
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drtue of which they eventually break away from the mass and become

free in the surrounding liquid. According to Ranvier the filaments in

question are fibrin-filaments.

Fig. 33.

—

Granulak mass op Max Schtjltze, observed in salt solution on the
WARM stage, showing THE CHANGES WHICH IT UNDERGOES AT ITS PERIPHERY,

(Osier).

If blood be taken fr'om an animal during digestion, especially of a

meal containing much fatty food, the serum or plasma has a milky
aspect. This is due to the presence of innumerable fine fatty molecules

which have been absorbed from the intestines and discharged with the

chyle into the blood.

THE LYMPH Aip) CHYLE.
A transparent and nearly colourless fluid, named " lymph," is conveyed into the

blood by a set of vessels distinct from those of the sanguiferous system. These
vessels, which are named " lymphatics," from the nature of their contents, and
" absorbents," on account of their reputed oflfice, take their rise in nearly all parts of

the body, and, after a longer or shorter course, discharge themselves into the great

veins of the neck ; the g-reater number of them previously joining into a main
trunk, named the thoracic duct,—a long narrow vessel which passes in front of

the vertebrae, and opens into the veins on the left side of the neck, at the angle of

union of the subclavian and internal jugular ; whilst the remaining lymphatics

terminate in the corresponding veins of the right side. The absorbents of the

small intestine carry an opaque white liquid, named " chyle," which they absorb

from the food as it passes along the alimentary canal ; and, on account of the

milky aspect of their contents, they have been called the " lacteal vessels." But
in thus distinguishing these vessels by name, it must be remembered that they

differ from the rest of the absorbents only in the natiu'e of the matter which they

convey ; and that this difference holds good only while digestion is going on ; for

at other times the lacteals contain a clear fluid, not to be distinguished from
lymph. The lacteals enter the commencement of the thoracic duct, and the chyle

mingling with the lymph derived from the lower part of the body, is conveyed

along that canal into the blood. Both lacteals and lymphatics, in proceeding to

their destination, pass into and out of certain small, solid and vascular bodies,

named lymphatic glands, which have a special structure and internal arrangement,

as will be afterwards described ; so that both the chyle and lymph are sent

through these glands before being- mixed with the blood.

Thus much having been explained to render intelligible what follows, we may
now consider the lymph and the chyle, which, as will be seen, are intimately

related to the blood.

Eymph, when examined with the microscope, is seen to consist of a

clear liquid with corpuscles floating in it. The liquid part—lymph-plasma
—bears a strong resemblance in its physical and chemical constitution to

the plasma of the blood. The lymph-corpuscles agree entirely in their

characters mth the pale corpuscles of the blood. They vary in number in

lymph fr'om different parts, being more numerous in that which has passed

through the lymphatic glands than in the lymph which enters those
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bodies, thus indicating the lymphatic glands as an important source of

Ijmph-corpuscles. Many of the corpuscles found in lymph are of small

size, consisting of a small amount of protoplasm and a relatively large

nucleus, and thus resembling the lymphoid cells of lymphatic glands.

These cells are far less actively amoeboid than those which are larger and
contain more protoplasm. Since the lymph is poured into the blood, the

lymph-corpuscles are to be looked upon as constantly furnishing a fresh

supply of pale corpuscles to that fluid.

Chyle consists as we have seen merely of lymph, to which are added
some of the absorbed products of digestion. These are chiefly particles

of fatty matter or minute oil-globules, some of which are of appreciable

size, but the greater number are immeasurably small. Like the fatty

globules suspend-ed in milk, they give the chyle a similar milky aspect.

These minute fatty particles were named collectively by Gulliver the
" molecular base " of the chyle.

Corpuscles, like the ordinary lymph-corpuscles but with a reddish tinge,

have been described in the lymph and chyle as well as in the blood, and
red disks have also been noticed, but these may have got into the lym-

phatics accidentally through a rupture of the fine vessels.

Origin of the white blood-corpuseles and of the corpuscles of the lymph
and chyle.—As to the origin of the lymph and chyle corpuscles, it may, in the
first place, be observed that the greatly increased proportion of these bodies in the
vessels which issue from the lymphatic glands, and the vast store of corpuscles

having the same characters contained in the interior recesses of these glands,

are unmistakeable indications that the glands are at least a principal seat of

their production. They are, most probably, produced by division of parent cor-

puscles or cells contained in the glands, and in some measure also by further

division of corpuscles thus produced after they have made their way into the

lymphatic vessels. The corpuscles found sparingly both in chyle and lymph
before passing the mesenteric glands may be in part fonned in the lymphatic
tissue met with in the alimentaiy mucous membrane and other parts of the

body. Pale corpuscles also, which have migrated from the vessels, may find

their way into the beginning of the lymphatics. In this way the presence of

corpuscles in the lymph even before it has passed through the lymphatic glands

is accounted for. Lymph-corpuscles are probably also produced in the spleen and
in the thymus gland ; and it is believed by some that they may also be formed by
proliferation of connective tissue corpuscles. The corpuscles of the chyle and
lymph are can-ied into the sanguiferous system and become the pale corpuscles

of the blood, but some of the latter may pass directly from the lymphatic glands,

spleen, and other organs containing lymphatic or lymphoid tissue into the blood-

vessels which are supplied to those organs.

DEVELOPMENT OP THE BED BLOOD-CORPUSOIiES.

Origin of the nucleated red blood-corpuscles of the embryo.—^The first

red blood-corpuscles are formed very early in embrj^onic life simultaneously

with and in the .interior of the first blood-vessels. They are developed in the

mesoderm, in a circular area which surrounds the parb of the blastoderm which
is occupied by the developing body of the embryo. The area is known as the

vascular area, and the first blood-vessels and blood-corpuscles are, therefore,

formed outside the actual body of the embryo. The process of development is as

follows :

—

Those mesodermic cells in the vascular area which are concerned with the for-

mation of vessels become extended into processes of varying length, which grow
out from the cells in two or more dhections. The cells become united with one

another, either directly or by the junction of their processes, so that an irregular

network of protoplasmic nucleated corpuscles is thus formed (fig. 34). Meanwhile
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the nuclei become multiplied, and whilst the greater number remain grouped to-

gether in the original cell-bodies or nodes of the network, some are seen in the
uniting cords. The nuclei which remain in the centre of the nodes accumulate,
each one around itself, a small amount of the cell protoplasm. The corpuscles

thus formed (bl) acquire a reddish colour, and the protoplasmic network in which
they lie becomes vacuolated and hollowed out into a system of branched canals en-

closing fluid, in which the nucleated coloured corpuscles float. The intercom-
municating canals gradually become enlarged so as to admit of the passage of the

Fig. 34.

Fig. 34.

—

^Paet of the network of developing blood-vessels in the vascitlae area
OF THE GUINEA- Pia. (E. A. S.)

hi, blood-corpuscles becoming free in an enlarged and hollowed out part of the net-
work. The smaller figure on the left represents a of the larger figure, more highly
magnified ; d, a nucleus undergoing division.

coi-puscles. The protoplasm which forms the wall of these first vessels becomes
differentiated around the nuclei which have remained embedded in it, so as to

give rise to the flat cells which compose the blood-capiUaries.

As soon as the heart is developed, or even before this happens, the blood begins

to move within the vessels of the vascular area. And when the action of the heart

commences, it is driven also through vessels which are formed, probably in a
similar manner, in the body of the embryo itself.

The first formed red blood -corpuscles are nucleated cells resembling the pale

corpuscles except in their colour and in the clearness of their protoplasm, and,

like the white corpuscles, they are capable of amoeboid movement, and of under-

going multiplication by division. It is uncertain whether, as stated by Kolliker

and others, any of the primary red blood-corpuscles are produced by direct trans-

formation of individual cells of the mesoderm, but (whether by accession of some
of these last, by division, or by a continuance of the original mode of formation),

they increase considerably in number, and are soon accompanied by colourless cor-

puscles. These appear to be formed in great number in the embryonic liver as

soon as this is developed, as well as in the lymphatic glands, spleen and
thymus gland. It is generally supposed that the colourless corpuscles acquire

colour, and are converted into nucleated red corpuscles, but there is no direct

evidence in favour of this view.

The primary nucleated red corpuscles are at length succeeded by smaller disk-

shaped red corpuscles without nuclei, having all the characters of the blood-

disks of the adult. This substitution proceeds gradually, until, long before the

end of intrauterine life, the nucleated red corpuscles have almost entirely vanished.

According to Neumann, some are still to be met with even in the new-born child.

It is uncertain whether the nucleated red corpuscles are converted into non-

nucleated disks, or if they simply disappear as the red disks become formed.
D 2
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Origin of the Eed Blood-Disks.—1, Intracellular origin. The disk-shaped
red coipuscles are produced in the interior of mesodermic or connective tissue
cells in the following manner :

—

A part of the protoplasm of the cell acquires a reddish tinge (fig. 3.5, 7a), and
after a time the coloured substance becomes condensed in the form of globules (/<,')

within the cells, varying in size from a minute speck to a spheroid of the

Fig. 35.

Fig. 35.

—

Development of red coepuscles in connective tissue cells. From
THE SUBCUTANEOUS TISSUE OP THE NEW-BORN RAT. (E. A. S.)

h, a cell containing hemoglobin in a diffused form iu the protoplasm ; /i', one contain-

ing coloured globules of varying size, and vacuoles ; h", a cell filled with coloured globules

of nearly uniform size
; f, J", developing fat cells.

diameter of a blood-corpuscle, or even larger ; but gradually the size becomes more
uniform (fig. 35, /i"). Some parts of the embryonic connective tissue, especially

where a vascular tissue, such as the fat, is about to be developed, are completely
studded with cells like these, occupied by a number of coloured spheroids and
forming nests of blood-corpuscles, or minute " blood-islands." After a time the
cells become elongated and pointed at their ends, and processes grow out to join

prolongations of neighbouring blood-vessels or of similar cells. At the same time
vacuoles form within them (fig. 3.5, h'), and becoming enlarged coalesce to form
a cavity filled with fluid, in which the reddish globules, which are now becoming
disk-shaped, float (fig. 36). Finally the cavity extends through the cell processes

into those of neighbouring cells, and a vascular net-work is produced, and this

becomes eventually united with pre-
Fig. 36. . existing blood-vessels, so that the blood-

corpuscleswhich have been formedwithin
the cells in the manner described, get

into the general circulation (see Develop-

ment of Blood-vessels).

Fig. 36.—Further development op blood-

corpuscles IN connective tissue cells,

AND TRANSPORMATION OF TUE LATTER INTO

CAPILLARY BLOOD-VESSELS. (E. A. S.

)

a,, an elongated cell with a cavity in its

protoplasm occupied by fluid and by blood-

corpuscles which are still globular ; b, a hollow

cell the nucleus of which has multiplied. The
new nuclei are arranged around the wall of

the cavity, the corpuscles in which have now
become discoid ; c, shows the mode of union

of a " ha3mapoietic " cell, which in this

instance contains only one corpuscle, with

the prolongation (hi) of a previously existing

vessel, a, and c, from the new-born rat

;

b, from a fcetal sheep.

This " intracellular" mode of development of red blood-corpuscles ceases in

most animals before birth, although in those which, like the rat, are bom very
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immatTire, it may be continued for a few days after birth. Subsequently, although

new vessels are formed in the same way, blood-corpuscles are not produced within

them, and it becomes necessary to seek for some other source of origin of the red

blood-disks, both duriag the remainder of the period of growth, and also during

adult life, for it is certain that the blood-corpuscles are not exempted from the

continual expenditure and fresh supply which affect all the other tissues of

the body.

2. Origin from white corpuscles.—The view which long obtained most preva-

lence, and was supported by the opinions of Hewson, Wharton Jones, KoUiker,

Paget, Busk and Huxley, and others, is that the red disks are developed from the

white coi-puscles, and the statements of A. Schmidt and of Semmer above men-
tioned (see p. 31), would seem to confirm this view. For if corpuscles are present

in the blood which present transitional forms between the white and red cor-

puscles, it is probable that these are white corpuscles in process of transformation

into red. There are, however, no other recorded observations of recent date which
show conclusively that the red corpuscles are thus developed.

3. In the marrow of bones.—In the peculiar pale cells of the red marrow which
fills the internal cavities of many bones, and particularly the ribs, appearances

have been observed which justify the inference that red blood-corpuscles are here

becoming developed. These appearances, in the shape of transitional forms
between the marrow-cells and red corpuscles, were long ago described by Neumann,
and by Bizzozero, and have been noticed also by other observers. The accounts

are, however, somewhat different ; for, according to Bizzozero, the nucleus of the

marrow-cell becomes coloured, and with a small amount of protoplasm persists as

the red disk, while Neumann described the ijrotoijlasm as becoming transformed
into the red corpuscle whilst the nucleus disappears.

Observations which I have myself made on the red marrow of the guinea-pig

have tended to confirm the view taken by Neumann, in that they have made
evident that the colour of these so-called " ti'ansition-cells " is not situated in the

nucleus, but chiefly if not entirely resides in the protoplasm ; moreover the

coloured cells that I have noticed have almost always been distinctly smaller

than the ordinary manow-cells, often of irregular forms, and sometimes appear
as if undergoing division (fig. 37). They closely resemble, in fact, the nucleated red

blood-corpuscles of the embryo, which may certainly thus multiply (by division),

and it is not altogether improbable that the cells in question are descendants of

the embryonic red blood-corpuscles, and not necessarily transition-forms between
marrow-ceUs and the red blood-disks. By this opinion it is not intended to

imply that blood-disks are not eventually produced from the coloured cells here
spoken of.

Fig. 37.

Fig. 37.—COLOUKED NUCLEATED CELLS FROM THE KED MARROW OF THE GTTINEA-Pia.

(E. A. S.)

Eindfleisch has recently given a detailed account of the manner in which such

a production of red blood-disks is effected in the marrow, as follows :

—

The marrow-cells, which are very like large pale blood-corpuscles, but with a

less granular protoplasm and a larger more distinct nucleus, acqiiire a reddish

tinge in consequence of the formation of ha3moglobin in the protoplasm. The
colour becomes gradually more pronounced, and soon it is found that it is confined

to a part only of the protoplasm. Presently the coloured protoplasm gradually

becomes separated from the rest of the cell, and forms a red corpuscle which is

at first cup-shaped, but afterwards becomes moulded in the circulation to form a

biconcave disk. The protoplasm which is left in connection with the nucleus

may, it is supposed, grow again and serve to form another red corpuscle, and so

on, the newly formed corpuscles passing meanwhile into the circulation.

It must be added that Eindfleisch has not actually observed the separation of

the two parts of the corpuscle ; and that the opinion he expresses that the bicon-
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cave form is the result of meclianical impressions upon the cup-shaped corpuscles

diuing their passage through the vessels will not hold good for those red disks

which are developed as such in the interior of cells in the manner described in

paragraph 1, and is therefore rendered unnecessary in regard to other cases.

i. In the spleen.—It has long been believed that the fonnation of red blood-

corpuscles is carried on in. the spleen pulp, but this view has been in many
quarters supplanted by the contrary one that a destruction of red corpuscles

rather than a new formation may there take place, in support of which many
facts were brought forward by KoUiker. The former view has, however, been
again brought into prominence by Bizzozero, who describes in the spleen pulp

after severe loss of blood, nucleated red corpuscles like those in the marrow, and
further finds that there are more red as well as white corpuscles in the blood

of the splenic vein than in that of the corresponding artery. The subject is one

which needs reinvestigation.

5. From the corpuscles of Zimmermann.— Hayem describes as the precursors

of the red blood-corpuscles in mammals the small colourless disks which are

found floating freely in the blood, and are known as the elementary particles

of Zimmermann. To these he applies the name " h^matoblasts," and he maiu-
tains that they acquire colour, and by a gradual increase in size become directly

transformed into red corpuscles. In support of this view he asserts that red

corpuscles which are much smaller than the ordinary ones are to be almost

always met with in blood, and that these smaller forms are especially numerous
in cases where there has been previously a considerable loss of blood, and in

which, therefore, it may well be supposed that a new formation of red corpuscles

is proceeding ; and further that they present every transition between the cor-

puscles of Zimmermann and the red disks.* In the frog Hayem describes as

hsematoblasts, spindle-shaped cells something like the white corpuscles, but of more
delicate appearance (like the corpuscle marked p in fig. 27). These become,
according to him, converted directly into red corpuscles, after undergoing an
increase of size and a change of shape, in addition to the accession of colouring

matter. They had been long previously noticed by Recklinghausen, and regarded
as transition forms between the white and red corpuscles.

Historical.—The development of blood-corpuscles in isolated patches in the
vascular area of the chick was first recognised by Pander, who termed the patches
"blood-islands." Remak, and after him, His and Kolliker described the first

vessels in the vascular area of the chick as origruating in the form of a solid

cord of mesodermic cells, arranged so as to form a network ; the peripheral cells

of the vascular cords becoming" flattened and forming the epithelium of the
vessels, whUst the centrally placed cells become directly converted into blood-

corpuscles, acquiring colour first of all at certain points—the blood-islands of
Pander—and fluid accumulating between them to form the liquor sanguinis. His
stated, moreover, that the blood-vessels within the body of the embiyo originate
as ingrowths from these vessels of the vascular area. Strieker was the first to

describe the formation of blood-vessels by the hoUowing out of connective tissue

cells, and Afanasieff and Klein proved that the blood-islands of Pander were cells

»f the mesoderm, in the interior of which blood-corpuscles had made their ap-

pearance, and that the containing cells became the first blood-vessels. Klein's

accoimt was confirmed, and in some particulars modified by Balfour. The account
above given of the formation of vessels and blood-corpuscles in the vascular area
of mammals is derived from original observations upon the embryo of the guinea-
pig, which have not previously been published in extenso. The production of red
blood-disks iu the interior of cells of the connective tissue was first noticed by me
in the subcutaneous connective tissue of the new-born rat, and subsequently in

the embryos of a number of different animals, and these observations have been
confirmed by Ranvier—^who terms the connective tissue cells concerned in the

process " vasoformative cells "—as well as by Leboucq and others. It is probable

* A similar account of the development of the red disks was given by Zimmermann; but
many of the transitional forms which he described were red corpuscles which had been
decolourised by the action of water.
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that various appearances whicli have been described and differently interpreted

—e.g., the protoplasmic masses filled with blood-corpuscles noticed by Neumann in

the embryonic liver—relate to the same phenomenon.
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EPITHELIAL TISSUE.

General nature and situation.—It is well known, that when the

skin is blistered, a thin, and nearly transparent membrane, named the

cuticle or epidermis, is raised from its surface. In like manner a trans-

parent film may be raised from the lining membrane of the mouth,
similar in nature to the epidermis, although it has in this situation

received the name of " epithelium ;
" and under the latter appellation,

a coating of the same kind exists on nearly all fi'ee surfaces and mem-
branes of the body.

The following are the most important situations in which a covering

or lining of epithelial tissue is found : viz., 1. On the smface of the skin.

2. On mucous membranes ; a class of membranes to be afterwards
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described, which line those internal cavities and passages of the body
that open exteriorly,—viz., the alimentary canal, the lachrymal, nasal,

tympanic, respiratory, urinary, and genital passages ; as well as the

various glandular recesses and ducts of glands, which open into these

passages or upon the surface of the skin. 3. On the inner or free surface

of serous membranes, which line the walls of closed cavities in the chest,

abdomen, and other parts. 4. On the inner surface of the heart, blood-

vessels and lymphatics.

In many parts of tlie connective tissue the cells of that tissue are flattened out
and aiTanged close together, edge to edge, in such a manner as to form a
membrane of cells, which so far would come under the definition of the term
epithelium. But the cells in question exhibit every transition to the other

cells of the connective tissue, so that the enumeration of them under epi-

thelium would create an artificial separation between cells of the same elemen-

tary tissue. They may, however, be conveniently described as epithelium-

like or epithelioid. Many histologists are of opinion that a similar distinction

should be made for the epithelium of the serous membranes and of the vessels,

because these are developed in the mesoderm and in connective tissue, and it

is the following up of this idea which has led to the wide-spread adoption of the

etymologicaUy incorrect word " endothelium " to express an epithelium so derived.*

But, if every epithelium which originates in the mesoderm is to be separated,

we shall be compelled to separate from the other epithelial tissues, with which
they are in every way closely allied, the epithelia of the renal, and of the

generative organs, since these are derived from a part of the same layer of

cells as gives origin to the epithelium of the serous membranes. And indeed,

since it has been shown in more than one instance amongst invertebrates, and
in one vertebrate (Amphioxus), that the epithelium of the serous cavities, and
even that of the vascular system, is directly derived from an undoubtedly

epithelial layer—namely, the entoderm—it is not improbable that this may be the

original and typical mode of origin of the so-called endothelia, although it may
have become obscured in the more complicated course of development of higher

vertebrates. And if this is the case, there is still less reason to regard " endo-

thelium " as a distinct variety of tissue, and to separate it from the epithelial

tissues with which it has so long been classed.

Structure of Epithelial Tissue in general.—Every epithelial

tissue is formed entirely of cells united together by cohesive matter,

which is often in too small quantity to be apparent. The layer or layers

thus formed take the shape of the surface to which they are applied,

following accurately all its eminences and depressions. No blood-vessels

penetrate into epithelial tissue, although in some cases minute channels

may exist between the cells into which the plasma of the blood derived

from the blood-vessels of the subjacent connective tissue may pass for

the nutrition of the epithelium cells.

Nerves are abundant in many epithelia, the nervous fibrils passing in

the form of fine varicose filaments among the epithelium cells.

* The term "epithelia," -which has passed into "epithelium," was introduced by
Ruysch to designate the cuticular covering on the red part of the lips. The word
"epidermis " he considered inappropriate, as the subjacent surface is not skin [derma) ;

but, as it is beset with papillee, he named the covering layer "epi-theha," from 67rt and
07?A77, a nipple or papilla. The use of the term has, by a not unusual license, been

extended so as to signify the same kind of coating when it spreads over non-papillary

surfaces. The word "endothelium," recently applied by some German writers to

distinguish what has heretofore been spoken of as the epithelium lining the serous

membranes, and the inner surface of blood-vessels and lymphatics, appears to me a

needless innovation, and, considering the literal meaning of the word, not a happy one.

—

Note by Dr. Sharpey.
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In certain situations branched connective tissue cells which may
contain pigment lie in the intercellular substance, whilst " migratory

cells" are of frequent occun-ence between the cells of an epithelium.

Epithelium cells vary in structure as well as in shape, and some of

these differences will be mentioned in speaking of the varieties of epi-

thelium. The nucleus varies, however, far less than the rest of the ceil

:

in most cases it has an intranuclear network and one or more nucleoli.

In the division of epithelium cells, it undergoes the changes which have
already been described.

According to Klein's observations the protoplasm of all kinds of

epithelium-cells is a fine reticulum, and this reticulum is in continuity

with the intra-nuclear network. This is illustrated in the fom- cells

shown in the accompanying figure (fig. 38).

Fig. 38

Fig. 38.

—

Stkttcture of different epithelium cells AccoRDiNa TO Klein.

1, an ordinary epithelium cell ; 2, a ciliated cell ; 3, a columnar cell ; 4, a mucous
"goblet" cell.

Classification of Epithelia.—The varieties of epithelium may be
classified in various ways, but none perhaps are altogether satisfactory.

Thus we may distinguish an epithelium according to its origin, as

ectodermic, mesodermic, or entodermic, and this distinction is ]mrtially

indicated when a separate term (endothelium) is used to denote meso-
dermic epithelium. Or again, the epitheha may be classed according to

their function, and in this way we distinguish between the protective,

the secreting, the ciliated, and the sense epithelia. But Avithout faihng

to recognize that these modes of classification have a certain amount of

importance, it will be most convenient here to follow the prevalent

custom, and to classify the varieties of epithelium cells according to

their shape and arrangement.

In the first place we may distinguish an epithelium which is composed
of only a single layer of cells as a sim^jU epithelium in contra-distinction

to a stratified epithelium, m which the layers of cells are numerous.
Where, on the other hand, the cells are in more than a single layer, but
the two or three layers dove-tail the one into the other, so that the

structure is not distinctly stratified, the term transitional may be
employed; since this kind of arrangement is often found in places
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where a simple epithelium passes gradually into one of the stratified

variety.

Simple Epithelia.—1. Pavement. Amongst Fig. 39.

the simple epithelia the most common variety

is the tesselaied or pavefinent, or as it is some-

times named, the simple scaly epithelium. In
this the cells form polygonal plates or scales,

Fig. 39.

—

Pavement epithelhim from a serous mem-
brane (peritoneum) ; magnified 410 diameters.

a, cell-body ; &, nucleus ; c, nucleoli (Henle).

which fit together by their edges like the tiles

of a mosaic pavement. The lines oi junction

of the cells may be straight, or they may be more
or less jagged or sinuous. The mesodermic
epithelia, such as the epithelium of serous membranes and of the

vessels, belong, for the most part, to this variety, but it includes also

the epithelium lining the alveoli of the lungs which is of entodermic

origin ; that covering the outer surface of the membrana tympani, and
that lining the mammary ducts, both of which are ectodermic.

2. Columnar. A second variety of simple epithelium is the columnar,

or cylinder epithelium, in which the cells have a prismatic figure, and are

set upright on the surface which they cover. In profile a row of these

ceUs looks for the most part like a close palisade (fig. 41) ; but viewed

Fig. 41.

Fig. 40.

—

Columnar epithelium cells op the rabbit's intestine (E. A. S.).

The cells have been isolated after maceration in veiy weak chromic acid. They
are much vacuolated, and one of them (2) has a fat-globule near its attached end ; the

striated border {str. ) is -well seen, and the bright disk separating this from the cell-proto-

plasm ; n, nucleus with intranuclear network ; a, a thinned out wing-like projection of

the cell which jDrobably fitted between two adjacent cells.

Fig. 41. A ROW OF COLUMNAR CELLS FROM AN INTESTINAL VILLUS OF THE
RABBIT (E. A. S.).

str, striated border ; lo, smaller cells between the epithelium cells, probably of the

nature of pale blood- or lymph-corpuscles.

from the surface each cell has a polygonal outline, the cells being

flattened where they touch, from mutual compression, so that thus

again a mosaic pattern is produced. Columnar epitheHum cells vary

much in form, in dimensions, and even in structure. Those which may
be looked upon as typical are of a long tapering figure, the finer ex-

tremity being set upon a surface, and the other and larger end being

free. At their sides and edffes the columnar cells are often irregular
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and jagged, especially where, as is offcen the case, small lymphoid or

other cells are met with between the epithelium cells (fig. 41, to).

Indeed the cells are not by any means so regular in shape as they are

often figured, being often compressed laterally, and sometimes extended

sideways into flattened lamellae (fig. 40, a), which fit between the

adjacent cells of the epithelium. There is always a distinct oval

nucleus which contains an intranuclear network. The nucleus may
cause a bulging in the part of the cell in which it is situated, and the

nuclei of adjacent cells are on this account offcen seated in different

planes. The protoplasm of the cell usually appears granular, but on
closer inspection with higher powers it may be seen that the granular

appearance is caused by the existence of vacuoles in it, which may be so

numerous as to give the protoplasm which encloses them a reticulated

aspect (see p. 4). The cell may contain fatty globules and other sub-

stances, among which the most deserving of mention is mucin, the

chief organic constituent of mucus. The mucin is apt to distend

those cells in which it is contained, especially the part nearest the free

border ; on contact with any watery fluid the mucus swells and escapes

;

while at the same time the nucleus is often pressed down towards the

finer extremity. Columnar epithelium cells which are thus altered by
distension of the outer or free part of the cell by mucus are termed from
their shape " goblet or chalice cells " (fig. 42).

Fig. 42.

Fig. 42.—GrOBLET-CELLS. HIGHLY
MAGNIFIED (Klein).

The right-hand cell shows distinctly

the intranuclear network, as well as an
appearance of fine filaments both in

the lower part of the cell and radiating

into the swollen, mucus-containing free

part.

But typical columnar epithelium cells have another peculiarity. The
free border differs from the rest of the cell in being much more highly

refracting and finely striated. This striated border of the cell (figs. 40
and 41, str.) is commonly termed the cuticular layer, and it is thereby

assumed that it is composed of something different from the cell-proto-

plasm. It does not, however, appear to offer a greater resistance to the

action of reagents, for those which destroy the protoplasm of the cell

destroy also the striated border. After having been hardened by re-

agents it may be , detached from the rest of the cell, and since the

striated fi-ee borders of adjacent cells often adhere together, a con-

tinuous membrane may thus be obtained, marked by iine lines indi-

cating the division between the cells from which this " cuticula

"

has become detached. The fine strife may either represent minute
pores in the membrane, as supposed by Kolliker and Funke, or they

may be caused by the existence of solid rods or colmnns composing
it, as maintained by Brettauer and Steinach, as well as by Henle. In
some cells it may be seen that the striated cuticula is not imme-
diately in contact with the protoplasm of the cell, but is separated from
it by a thin disk composed of a substance which refi'acts the fight even
more than the striated border. This disk (shown in fig. 40) corresponds
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in situation to the bright border of the ciliated epithelium cells (see

below), and it is possible that the striated border is the morphological
equivalent of the bunch of ciha upon those cells. Columnar epithelium

ceUs are met with in their most characteristic form lining the mucous
membrane of the intestines.

Some columnar epitheHum cells are very long, others very short,

so as to look cubical when seen in profile. They vary
in form, moreover, according to the shape of the surface

which they cover, tKus they may be larger at the base than
at the free end, as when they line a tube or duct, and in a

section of this they then appear wedge-shaped.

Fig. 43,

—

Striated epithelium cell, eeom the duct of a salivary
GLAND (B. A. S.), HIGHLY MAGNIFIED.

gr, granular protoplasm ; str, striated protoplasm ; n, nucleus.

Some epifhehum cells, which must be reckoned in with this variety,

have a pecuHar striated aspect in the basal or fixed half of the cell

(fig. 43, sir.). This is the case with the cells which line the smaller
ducts of the sahvary glands and some of the tubules of the kidney.
In the human subject, columnar epithelium is chiefly but by no means

exclusively derived from the entoderm.

3. Spheroidal or glandular Epithelium.—The cells composing a simple
epithehum, are in some cases solid and rounded or polyhedral in shape,
no one dimension especially predominating. This variety of epithelium
is named spheroidal, or since it is chiefly characteristic

of the terminal recesses or alveoli of secreting glands, Fig. 44.

Fig. 44.

—

Transverse section of two glands of the stomach
SHOWING the OYOIDAL AND POLYHEDRAL SECRETING CELLS
(Heidenhain).

it is often known as glandular. The protoplasm
of the cells is generally occupied by the materials which
the gland secretes.

Fig. 45,

—

Three polyhedral epithelium cells from the liver
OP THE guinea-pig (Klciu).

The protoplasm of the cells has a reticular aspect.

Fig. 45.

4. Cihated Epithelium.—Lastly the cells of a simple epithelium may
bear on their basal or free ends spontaneously moving filaments named
cilia. In the human subject the ciliated epithe-

lium is not always perfectly simple, for there

Fig, 46,—Columnar ciliated epithelium cells from
THE HUMAN NASAL MEMBRANE ; MAGNIFIED 300
DIAMETERS (Sharpey).

are often other non-ciliated cells placed between
the attached ends of those which bear the cilia.

The ciliated epithelium will be best considered

as a whole after the remaining varieties of epithehum have been
touched upon.



46 EPITHELIUM.

Stratified Epithelium.—In a stratified epithelium the cells, as we
have seen, are disposed in a number of layers, and it is commonly found
that the cells of these various layers exhibit every variety of shape. As

Fig. 47.

Fig. 47.

—

Section op the stratified epithelium covering the front of the
CORNEA OF the EYE. HiGHLY MAGNIFIED. (E. A. S.)

c, lowermost columnar cells
; p, polygonal cells above these

; fl, flattened cells near
the surface. The intercellular channels, bridged by minute processes of the cell, are well

seen. The lower part of the section on the right is somewhat broken.

a rule the cells of the deepest or attached layer are columnar (fig. 47, c),

and the superficial cells are flattened scales (fig, 4:7, fl) which may be of

considerable size, but which do not, like the cells of pavement or simple

scaly epithelium, fit together by their
^^s* *^*

edges, but, on the contrary, overlap one
another (fig. 48). The cells of the

Fig. 48.

—

^Epithelium-scales from the inside

OF the MOUTH J
MAGNIFIED 260 DIAMETERS

(Henle).

layers immediately external to the

columnar layer are rounded in shape,

or at least only so far modified as

to enable them to fit to the columnar cells and to one another (fig.

47, p) I but as we trace the strata towards the surface, we find the

component cells becoming more flattened and larger, whilst at the same

time undergoing a change in their chemical constitution, so that at first

the external part, and afterwards the Avhole of the protoplasm of the

cell, is converted into horny substance, even the nucleus being at last

involved.

The deeper protoplasmic cells of a stratified epithelium are continually

multiplying by cell-division, and, as the new cells which are thus pro-

duced in the deeper parts increase in size, they compress and push out-

wards those previously formed. In this way cells which were at first

deeply seated, become gradually shifted towards the surface, undergoing

meanwhile the chemical change above spoken of. The older superficial

cells are continually being removed by attrition and abrasion, while

others rise up to supply their place.

The deeper layers of a stratified epithelium are not closely applied to

one another by their edges, but there exists a system of intercellulai-



TEANSITIONAL EPITHELIUM. 47

channels, which are bridged across by spikes and ridges, which project
from the surfaces of the cells and abut against the corresponding spikes

Fig. 49.—Two " PKICKIiE-CELLS " FROM Fig. 49.

THE DEEPER PART OF THE EPIDERMIS
(Eanvier).

d, space around the nucleus, probably

caused by shrinking of the latter.

and ridges on the surfaces of the ""''^^^^^^'

adjoining cells (see iig. 47).

When the cells are isolated, the spikes and ridges can be better seen

(fig. 49), especially if the intercellular channels have become widened in

consequence of an excess of fluid accumulating in them, as may happen
under certain pathological conditions.

Th.e spikes and ridges upon the deeper cells of a stratified epithelium were first

noticed by Max Schultze, who was of opinion that they were for the purpose of
effecting', by indenting' with those on adjoining cells, a firmer connexion between
the cells of the epithelium. The true relations of the structures in question, and
the intercellular channels which are bridged across by them, were discovered by
Bizzozero. The researches of J. Arnold and of Thoma have shown that similar

channels occur extensively in all varieties of epithelium.

Stratified scaly epithelium occurs in one of its simplest and most
typical forms covering the anterior surface of the cornea of the eye (fig.

47). It is found also hning the mouth, the chief part of the pharynx,
and the oesophagus, and in the female it lines the vagina and part of

the cervix uteri, but its most extensive distribution is over the surface

of the skin, where it forms the epidermis. In many parts of this the

layers become very numerous, and their arrangement somewhat com-
plicated, as will be noticed in the description of the skm. It may be
remarked that, in most of the situations where it is found, stratified

scaly epithelium is of ectodermic origin.

Transitional Epithelium.—Epithelium to which the term trans-

sitional may be applied, as being in a sense intermediate between those

forms which consist of but a single layer of cells and the stratified which
we have just described, may be classed under the three heads of columnar,

ciliated, and scaly transitional, according to the kind of cell in each
which happens to be most prominent or superficial. The columnar and
ciliated transitional epithelia differ, however, so very slightly from the

corresponding simple epithelia—viz., merely in the presence between the

fixed ends of the columnar and ciliated cells of smaller and probably

younger epithelium cells irregularly disposed—that they do not seem to

merit any special description. But the scaly transitional epithelium

which is met with lining the urinary bladder and ureters presents

several peculiarities. It consists of three or four layers of cells, of

which the inner or most superficial are large flattened scales when
examined from the distended bladder (fig. 51, «) ; almost cubical in

shape when taken from the collapsed organ ; smooth over their free

surface, but pitted on the opposite side, being moulded over the rounded
ends of the cells which form the next layer. These are pyriform, and
the smaller end of the pear is set upon the subjacent connective tissue,

whilst the larger end has the position just mentioned (fig. 51, &, c).

Filling up the intervals between these tapering ceUs are the smaller
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irregular cells of the third layer. All these cells have distinct nuclei,

and in the flattened superficial cells two nuclei may often be seen in the

cell. If this, as probably is the case, is an indication that the cell is

Fig. 50. Fiff. 51.

Fig. 50.

—

Section of the epithelial IiIning op the uketeu; man (KoUiker).

a, superficial ; h, intermediate
_:
and c, deep layer of cells.

Fig. 51.

—

Epithelial cells prom the bladder op the rabbit. Highly magnified.
(Klein.)

a, large flattened cell from tlie superficial layer, with two nuclei, and with strongly

marked ridges and intervening depressions on its tinder surface ; 6, pyriform cells of the

second layer ; c, pear-shaped cell of the second layer showing the manner in which it is

adapted to a depression on the superficial cell.

about to divide, the mode of growth of this kind of epithelium must oe

different from that of the stratified scaly variety, in which the multi-

phcation of the cells appears to take place exclusively in the deeper

layers.

CILIATED EPITHELIUM.

In this form of epithelium, the cells which are generally columnar,

bear at their free extremities little hair-like jDrocesses, which are agitated

incessantly during life, and for some time after systemic death, with a

lashing or vibrating motion. These minute and dehcate moving organs

are named cilia. They exist very extensively throughout the animal

kingdom ; and the movements which they produce are subservient to very

varied purposes in the animal economy.

Distribution and use.—In the human body ciliated epithelium

occurs in the following parts, viz :—1. On the mucous membrane of the

air passages and its j)rolongations. It commences at a little distance

within the nostrils, covers the membrane of the nose (except the proper

olfactory part) and of the adjoining bony sinuses, and extends up into
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the nasal ducc and lachrymal sac. From the nose it siDreads backwards
a certain way on the upper surface of the soft palate, and over the upper
or nasal region of the pharynx ; thence along the Eustachian tube and
lining membrane of the tympanum, of which it covers the greater part.

The lower part of the pharynx is covered by scaly epithelium as already

mentioned ; but the ciliated epithelium begins again in the larynx a little

above the glottis, and continues throughout the trachea and the bronchial

tubes in the lungs to their smallest ramifications. Over the vocal cords,

however, the eiDithelium .is of the stratified scaly variety. 2. On the

mucous lining and in the glands of the uterus, commencing at the

middle of the cervix and extending along the Fallopian tubes, even to

the peritoneal surface of the latter at their fimbriated extremities, 8.

Lining the vasa effere^iUa, coni vasculosi, and first part of the excretory

duct of the testicle. 4. To some extent on the parietes of the ventricles

of the brain, and throughout the central canal of the spinal cord. 5. In
the excretory ducts of certain small racemose glands of various parts

(tongue, pharynx, &c.). 6. In the embryo, lining the oesophagus and
parts of the stomach and extending also over the whole of the pharynx.

In other mammiferous animals, as far as examined, cilia have been
found in nearly the same parts.* To see them in motion, a portion of

epithelium may be scraped off from any ciliated mucous membrane and
examined in a drop of weak solution of salt ("75 per cent.) or serum of

blood. When it is now viewed with a magnifying power of 200 diameters

or uj)wards, a very obvious agitation wih be perceived at the edge of the

detached piece of epithelium ; this appearance is caused by the moving
cilia, with which the surface of the membrane is covered. Being set

close together, and moving; simultaneously or in quick succession, the

cilia, when in brisk action, give rise to the appearance of a bright trans-

parent fringe along the margin of the membrane, agitated by such a

rapid and incessant motion, that the single threads which compose it

cannot be perceived. The motion here meant, is that of the ciha them-
selves ; but they also set in motion the adjoining fluid, driving it along

the ciliated smface, as is indicated by the agitation of any little particles

that may accidentally float in it. The fact of the conveyance of fluids-

and other matters along the ciliated surface, as well as the direction in

which they are impelled, may also be made manifest by immersing the

membrane in fluid, and dropping on it some finely-pulverised substance

(such as charcoal in fine powder), which wih be slowly but steadily carried

along in a constant and determinate direction ; and this may be seen

with the naked eye, or with the aid of a lens of low power. (Sharpey.)

The ciliary motion of the human mucous membrane is well seen

on the surface of recently-extracted nasal polypi ; and single ciliated par-

ticles, with their ciha still in motion, are sometimes separated accidentally

from mucous surfaces in the living body, and may be discovered in

the discharged mucus; or they may even be purposely detached by
gentle abrasion.

Cilia have been shown to exist in almost every class of animals, from
the highest to the lowest.f The immediate purpose which they serve is,

* Cilia liave also been seen in some mammals at the commencement of the tubules of

the kidney (Klein), a situation -where in lower vertebrates they have long been known to

exist.

f The Crustacea offer a singular exception, and it is remarkable that in most of them
the spermatozoa are also devoid of a vibratile filament.

YOL. II. E
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to impel matter, generally more or less fluid, along the surfaces on which
they are attached ; or, to propel through a hquid medium the cihated

bodies of minute animals, or other small objects which are provided
Avith cilia ; as is the case Avith many infusorial animalcules, in

which the cilia serve as organs of locomotion like the fins of larger

aquatic animals. In many of the lower tribes of aquatic animals, the

cilia acquire a high degree of imi30rtance : producing the flow of water

over the surface of their organs of respiration, indispensable to the

exercise of that function ; enabling the animals to seize their prey, or

swallow their food, and performing various other offices of greater or less

importance in their economy. In man and the warm-blooded animals,

their use is apparently to impel secreted fluids or other matters along the

ciliated surface, as, for example, the mucus of the windpipe and nasal

sinuses, which they carry towards the outlet of these cavities.

Structure.—The cells of the ciliated epithelium (fig. 52) contain

oval nuclei, exhibiting for the most part a distinct intra-nuclear network,

Fig. 52.

Fig. 52.—A CILIATED EPITHELIUM-CELL FROM TnB TRACHEA OF THE RABBIT,

ISOLATED IN VERY WEAK CHROMIC ACID ; HIGHLY MAGNIFIED (E. A. S.).

p, p, protoplasm of the cell, filled witli clear vacuoles ; 7i, nucleus, showing nuclear

membrane, nucleoplasmic network, and nucleolus ; c, fringe of cilia ; h, bright border of the

cell through wliich the cilia pass
; /, fixed end of the cell.

Fig. 53.

—

Ciliated epithelium cells from the trachea of the cat (Klein).

' The fixed ends of the cells are irregularlj^ forked.

and one or more bright nucleoli. Viewed with a moderate magnifying

power, their protoplasm looks gTanular, but with a high power it is seen to

be finely vacuolated, although the free border of the cell through which the

cilia pass presents a clear aspect (fig. 46). The cells have most generally

an elongated form, like the particles of the columnar epithelium, which

they resemble too in arrangement, but they are often of greater length and

more pointed at their lower end ; and this is not unfrequently irregularly

forked in those parts where a deeper layer of cells exists below the
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ciliated cells (fig. 53). The cilia are attaclied to their broad or super-

ficial end, each cell bearing a tuft of these minute han-like processes.

In some cases, the cells are shorter and cubical in figure, and when
completely detached may appear spheroidal, as

shown in fig. 54, which represents such cells ^^S- 54.

fi-om the epithelium of the frog's mouth. In

Fig. 54.

—

Ciliated cells from the mouth of the feog;
MAGNIFIED 300 DIAMETERS (Sharpey).

man this form occurs in the ciliated epithelium

of the cerebral ventricles and that of the tym-
panum, where the cells form but a single stratum.

The columuar cihated epithelium may exist as a simple layer, as in the

uterus and Fallopian tubes, the finest ramifications of the bronchia, and
the central canal of the spinal cord : but in ^'arious other parts—as the
nose, pharynx. Eustachian tube, the trachea and its larger divisions—
there is a layer of elongated and irregular cells beneath the superficial

ciliated range, fiUing up the spaces between the pointed and forked ex-

tremities of the latter. Probably the subjacent cells acquire cilia, and
take the place of ciliated cells, which are cast off; but the mode of
renovation of ciliated epithelium is not yet fully understood.

It is stated that when the ciliated epithelium is artificially removed from a
portion of the inner surface of tide rabbifs trachea, the denuded surface speedily

becomes again covered -ndth epithelium, which, grows over it from the edge, but
the cells form at first a single layer of flattened epithelium. They next acquii-e

cilia, and afterwards become columnar, the epitheliuni thus assuming the character

which it has normally in that situation.

There is no reason to believe that the ciliated epithelium cells are in connection
either with nerve fibres, or with the cells of the subjacent connective tissue. It

is true that such anatomical connection has been described by Lockhart Clarke
and Geiiach in reference to the columnar ciliated epithelium of the central canal
of the spinal cord and of the Sylvian aqueduct. But this is a most difiBcult point
to determine exactly, and even if such a connection should be proved, the cells in

the situations above mentioned are entirely different in many respects from or-

dinary ciliated cells. They are relatively slender, and their fixed non-ciliated ends
pass into fine branching fibres, which lose themselves in a fibrillar network which
underlies the epithelium, and appears to be formed chiefly, if not entii-ely, by the
interlacement of the ramified cell-processes. These peculiar ciliated cells closely

resemble those which constitute the structures known as nerve-epithelia in

some of the lower invertebrata, and which in some of these represent the whole
central nervous sj^stem.

Size, form and action of the cilia.—The cilia themselves differ

widely in size in different animals, nor are they of equal size in all parts

of the same animal. In the human windpipe they measure -jtoVo th to

-j-g'^Q-th of an inch in length ; but in many invertebrate animals they

are much larger than this, and in the human epididymis are from eight

to ten times longer than in the trachea.

In figure they have the aspect of slender conical, or shghtly flattened

filaments ; broader at the base, and usually pointed or rounded at their

free extremity. Their substance is transparent, soft and flexible. It is

to all appearance homogeneous, and no fibres, granules, or other indi-

cations of definite internal structure, have been satisfactorily demon-
strated in it. According to Engelmann, cilia are doubly refracting ; but
this character is by no means very obvious.
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In all probability the substance composing the cilia is chemically and
otherwise similar to the cell-protoplasm, of which they seem to be
permanent protrusions/" If this is the case, there is no difficulty in

supposing that the lashing, whip-like movement of each cilimnis effected

by the contractility of the cilium itself, this being, howerer, called into

action by a stimulus originating in the protoplasm of the cell to which
it is attached. For if the cilia be detached they cease to move, although
the isolation of the ciliated cell from its neighbours and from the other

tissues does not cause a cessation of the movement. On this account it

is thought, by some, that the movement is entirely a passive one, caused by
the contraction of the cell-protoplasm acting upon the base of the cilium^

and if this were so, there would be no need to assume that the cilia are

themselves contractile. But the apparently inherent motion of the tails

of the spermatozoa, which are comparable to long single cilia, and that

of the long cilia which are protruded ft'om many of the lower animal

and plant organisms, seem to indicate that the movement is inherent in

the cilia themselves. The cilia vibrate with a frequency of not less than
ten times in a second Avhen moving actively, but the rate of movement
may be much slower than this. The movement of cilia is incessant so

long as the cells remain alive, but that of spermatozoa often exhibits

intervals of rest alternating with periods of rhythmic movement.
The manner in which the cilia move, is best seen when they are

not acting very briskly. The motion of an individual cilium may be com-
pared to that of a carter's whip, the cihum being rapidly flexed in ona
direction, that of the current, and returning more slowly to v/hat may be
regarded as the position of rest, generally a little on the other side of a
plane perpendicular to the surface of the cell. The motion does not in-

volve the Avhole ciliated surface at the same moment, but is performed by
the cilia in regular succession, giving rise to the appearance of a series of

waves travelling along the surface, like the waves caused by the wind in a
field of corn. When they are in very rapid action the undulation is less

obvious, and, as Henle remarks, their motion then conveys the idea of

swiftly-running water. The undulating movement may be beautifully seen

on the gills of a mussel. The undulations, with some excei^tions, seem,

always to travel in the same direction on the same parts. The impulsion,,

also, which the cilia coimnunicate to the fluids or other matters in contact

with them, maintains a constant direction ; unless in certain of the lower

animals, in which the motion is often variable and arbitrary in direction,

and might even be sujsposed to be voluntary. Thus in the windpipe of

mammalia, the mucus is conveyed upwards towards the larynx, and, if

a portion of the membrane be detached, matters will still be conveyed
along the surface of the separated fi'agment in the same direction relatively

to that surface, as before its sej)aration.

The persistence of the ciliary motion for some time after death, and
the regularity with which it goes on in parts separated from the rest of

the body, sufficiently j)rove that, with the possible exceptions alluded

to, it is not under the influence of the will of the animal, nor dependent

for its production on the nervous centres, and it does not appear to be
influenced in any Avay by stimulation or sudden destruction of these

centres. The time during which it continues after death or separation

difl'ers in different kinds of animals, and is also materially influenced by

* According to Klein tliey are in continuity with tlie intracellular network (see

fiS- 38, 2.)
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temperature and by the nature of the fluid in contact with the surface.

In "vvarm-hlooded animals the period varies from two or three hours to

two days, or even more ; being longer in summer than in the cold of

winter. In frogs the motion may continue four or five days after

destruction of the brain and spinal cord ; and it has been seen in the

gullet of the tortoise fifteen days after decapitation, continuing seven

days after the muscles had ceased to be irritable.

Effect of varying- external conditions and reagents upon ciliary motion.
—Yaiiations of temperature exert a very marked effect upon tlie rate and vigour

of the motion of cilia. Tlius, in warm-blooded animals it is altogether stopped if

the temperature is lo'n'ered to 6° C, whereas, in cold-blooded animals, such as the

frog and mussel, it goes on unimpaired at 0° C. The motion which has become
quiescent from cold, may be revived by warmth, and becomes more active in

proxjortion to the rise in temperature up to a certain point, which differs in warm
&ua cold-blooded animals. In the former, this maximum temperatm-e is about
45° C. ; above this the movement quickly ceases, the cilia passing- into a coagulated

stiffened condition, known as heat-rigor, and which, if well marked, is not re-

covered from. The temperature of the body seems to be that which is most
favoui'able to the action of the cilia ; that is to say, they will, if removed from the

body, work vigorously for a longer time at this temperature than at any other.

Cilia will continue to work for a time in the absence of free oxygen. This

was shown by Sharpey, who noticed the movement of the cilia upon the gill of the

tadpole to pi ocead for some hours, even when immersed in water which had been
deprived of its oxygen by boiling. This experiment shows that like the substance

of muscle, the protoplasm of the ciliated epithelimn-ceU can store up oxygen in

a combined form for future use.

The immediate action of water is to increase the activity of cilia, and this is

accompanied by a swelling of the cilia through imbibition of fluid. Agents or

conditions, on the other hand, which abstract water from the tissue, retard or

arrest the action. Thus most of the common acid and saline solutions when
concentrated arrest the action of cilia instantaneously in all animals, but dilution

delays this effect, and when carried far enough, prevents it altogether. Fresh

water soon an'ests the motion in marine animals ; but it evidently acts by de-

stroying both the form and substance of the cilia, which in these cases are

adapted to a different medium. Even in air-breathing and fresh-water animals
fresh water has after a time the same action, provided the ciliated cells are

detached, so that it can pass by imbibition into their protoplasm. Solutions of

potash or soda, if extremely dilute, act like water, but more powerfully. Virchow
observed that a solution of either potash or soda would even revive the move-
ment of cilia after it had just ceased. K'arcotic substances, such as hydrocyanic

acid, salts of morphia and strychnia, opium and belladonna, were stated by
Purkinje and Valentin to have no effect, but the first-named agent appeared to

Sharpey to arrest the motion in the river-mussel. The vapour of chloroform
arrests ciliary action", but the motion revives agaia if the application of the
vapour is discontinued (Lister).

Carbonic acid gas resembles chloroform in its action, rapidly arrestiug the

movement if conveyed over a ciliated surface, but the action speedily recom-

mences on again admitting air. The passage of the gas is, however, generally

found to stimulate the movement at first.

Bile stops the action of cilia, while blood prolongs it in vertebrated animals

;

but the blood or serum of the vertebrata has quite an opposite effect on the cilia

of invertebrate animals, arresting their motion almost instantaneously.

It was noticed by Steinbuch that a mechanical stimulus, insufficient to injure

the cilia, such as that produced by the impulse of a current of fluid, acts markedly
in exciting the activity of ciliary motion.

Electric shocks, unless they cause injury to the ciliated surface (which is some-
times the case), produce no visible effect ; and the same is true of galvanic
currents. Engelmann states, however, that if the ciliary action be very rapid it

may be slowed, if slow it may be accelerated by electricity.
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Wliatever views are entertained concerning the nature and sonrce of the

power by which the cilia act, it must be borne in mind that each ciliated cell is

individually endowed with the faculty of producing motion, and that it possesses

'in itself whatever organic apparatus and whatever physical or vital property may
be necessary for that end ; for single epithelium cells are seen to exhibit the

phenomenon long after they have been completely isolated.

It seems not tmreasonable to consider the ciliary motion as a manifestation of

that property on which the more conspicuotis motions of animals are known to

depend, namely, vital contractility ; and this view has at least the advantage

of refening the phenomenon to the operation of a vital property ah-eady recog-

nised as a source of moving power in the animal body. But, assuming this view
to be sound, so far as regards the nature of the motile power brought into play,

it affords no explanation of the cause by which the contractility is excited and
the cilia maintained in constant action.

The first comprehensive account of the structure, distribution, and mode of

action of cilia was given by Sharpey in the ai-ticle " Cilia," in Todd and Bowman's
Cyclopaedia. That article, which appeared in 1835, was the result of much laborious

investigation, and still forms the basis of our knowledge on the subject. The
present account was written by Sharpey for the fifth edition of this work, and has
since needed but little modification. Simultaneously with Sharpey's article a

very complete description was also given by Purkinje and Valentin, including an
account of the discovery of this phenomenon in mammals, birds, and reptiles, and
of the literature up to that time (De phasnomeno generali et fundamentali motus
vibratorii continui, 183.5).

Literature of Epithelium.—Henle, IJeber die Ausbreitung d. Epitli. im menscl)].

Korper, 1838 ; and in his AUgemeine Anatomie. KoUiker, Cylinderzellen d. Diinndarms.

Wurzb. Verhandl. VI., 1856. Brettcmeru. Steinach, Unters. u. d. Cylinderepith. d. Darm-
zotten, 1857. M.ScIiultze, U. Stachel- u. Eiff-zellen, Med.Centralb., 1864, and VircL. Arch.

XXX. Bizzozero, S. strutt. d. epit. pavim. strat., Ann. iiniv. di Med., 1864 ; and Studi,

kc, 1870. W. Ilis, Die Hauten u. Hohlen d. Korpers, 1865. F. E. Schultze, Epithel- und
Driisen-zellen, Arch. f. mikr. Anat. III., 1867 ; Ue. cutic. Bildungen u. Verhornnng,

&c., Idem, v., 1869. Oeffinger, Einige Bemerk. u. d. sog. Becherzellen, Arch. f.

Anat., 1S67. /. Sachs, Zur Kenntn. d. sogen. Vacuolen oder Becherzellen, Virch. Arch.,

1867 ; Arnstein, Idem. 1867 ; Eimer, Idem, 1868. Jicmvier, Article "Epithelium" in

Nouveau Dictionnaire de Medicine, 1870 ; in his Traite technique, 1875 : and Nouvelles

recherches sirr le mode d'nnion des cellules du corps, muqueux de Malpighi, C. r. 1879,

Langerhans, Ue. mehrschichtige Epithelien, Virch. Arch. LVIII. Jleitzmann, Das
Verhiiltniss zw. Protoplasma u.- Grandsubstanz, AViener Sitzungsb., 1873. Bott, Ue.
d. feineren Ban, &c. der Epithelien, Med. Centr., 1871, and Graz Unters., Heft 3, 1873.

iSlavjanshi/, Die regressive Veranderungen d. Epithelzellen, &c., Arbeiten a. d. physiol.

Anstalt zu Leipzig, 1873. W. Krause, in AUgemeine Anatomie, 1875. S. Martyn,
On conjoined epithelium, Monthly Micr. Jouru. XIV., 1875. /. Arnold ; li. Tlwma,
Ueber d. Kittsubstanz d. Epith., Virch. Arch., 1875 and 1876. Griffini, Contribuzione

alia patol. gen. del tessuto epith. cilindr., 1875. Tourneux KaiX Hermcmn, Recherches sur
quelques epitheliums plats, &c., Journal de I'anat., 1876. Klein, Observations on the

structure of cells and nuclei, Q. J. Micr. Sci., 1878 and 1879. Flemming, Beitriige zur
Kenntniss der Zelle, &c.. Arch. f. Mikr. Anat. XVI. and XVIIL, 1878, 1880. Trin-

chese, Sulla struttura d. cellula epith., Atti d. E. Accad. d. Lincei, 1879-80.

On regeneration of eijithelium :

—

Oehl, S. svilluppo d. cell. &c., L'imparziale, 1867 ;

Wadsworth u. Eberth, in Virch. Arch., 1870 ; Heiberg, in Strieker's Studien, 1870
;

Bicsiadecki, in Wiener Sitzungsb., 1870. IT. Seioall, in the -Journ. of Physiol., 1878.
Mayzel, in Hofmann nnd Schwalbe's Jahresb. , 1879. Drascli, Ue. Regeneration des Flim-
merepithels, Wiener Sitzungsb., 1879, as well as in sevei-al of the papers above quoted.

On ciliated epithelium and the action of cilia :— Valentin, Article in Wagner's Hand-
worterb., 1842. Virclwiv, Ue. d. Erregb. d. Flimmerz. Arch. f. path. Anat., 1854. Calli-

hurces, Recherch. exp., &c., C. r. 1S5S ; Kistialvuski/, Wirkung d. Const.- u. Induction-
stromes, kc, Wiener Sitzungsb., 1865. Kiihne, Einfl. d. Oase., &c., Arch. f. mikr.
Anat., 1866. Both, Ue. einige Beziehung. d. Elimmerepith. z. contr. Protopl., Virch.

Arch., 1867. Stuart, Ue. d. Flimmerbew., 1867. Huizinga, Einwirk. v. Gasen., &c.,

Med. Centi-., 1868. Bovxlitch, Force of ciliary motion, Boston Med. and Sm-g. Journ.,

1876, Bngelmann, in Jena Zeitschr., 1868 and 1875 ; Pfl. Arch., 1869 and 1875, and
Article in Hermann's Handbuch, 1879 ; Neumann, Flimmerepith. im CEsoph, menschl.
Embryonen, Arch. f. mikr. Anat., 1876,
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THE COWITECTIVE TISSUES.

Three principal modifications or varieties of connective tissue have
long been recognised, consisting of the same structural elements :

niamely, ivMie fibres, elcistic fibres and connective tissue coriniscles ; but
n widely different proportions, and thereby exhibiting a difference in

their grosser or more obvious characters and physical properties. They
are known as the areolar, the fih'oics, and the elastic tissues, and wiU be
now severally treated of. Without disregarding the alliance of cartilage

and bone to the connective tissues, we shall not include them in the same
general description ; but there remain certain forms of tissue, occurring-

locally, or met with as constituents of other textures, which belong-

to this group, and will be briefly ccnsidered in a separate section as

subordinate varieties of connective tissue.

Cartilage and bone are iisnally included in the gronp of connective tissues, and
of right, for they present undoubted points of relationship -with these tissues,

both in their nature and the general pui-pose which they serve iu the animal
frame. Thus, yellow cartilage shows an unmistakable transition to elastic con-
nective tissue, as fibro-cartilage does, even more decidedly, to white fibrous tissue.

Moreover, the animal basis of bone agrees entirely in chemical composition, and
in many points of structure, with the last-named tissue. But since both cartilage

and bone possess easily recognizable histological features, besides well-marked
physical and chemical characteristics, it seems more consistent with the purpose
of histological description to treat of them as independent tissues.

AEEOLAB TISSUE.

Distribution and arrangement.—If we make a cut through the skin

and proceed to raise it from the subjacent parts, we observe that it is

loosely connected to them by a soft filamentous substance of considerable

tenacity and elasticity, and having, when free from fat, a white fleecy

aspect ; this is the substance kno^^^l as areolar tissue. In like manner
the areolar tissue is found underneath the serous and mucous membranes
which are spread over various internal surfaces, and serves to attach

those membranes to the parts which they line or invest ; and as under
the skin it is named " subcutaneous," so in the last-mentioned situations

it is called " subserous " and " submucous " areolar tissue. But on
proceeding farther we find this substance lying between the muscles, the

blood-vessels, and other deep-seated parts, occupying, in short, the

intervals between the diflFerent organs of the body where they are not

otherwise insulated, and thence named "intermediate ;" very generally,

also, it becomes more consistent and membranous immediately around
these organs, and under the name of the " investing " areolar tissue,

aflbrds each of them a special sheath. It thus forms inclosing sheaths

for the muscles, the nerves, the blood-vessels and other parts. Whilst the

areolar tissue might thus be said in some sense both to connect and to

insulate entire organs, it also performs the same office in regard to the

finer parts of which these organs are made up ; for this end it enters

between the fibres of the muscles, uniting them into bundles ; it connects

the several membranous layers of the hollow viscera, and binds together

the lobes and lobules ofcompound glands ; it also accompanies the vessels

and nerves within these organs, following their branches nearly to their

finest divisions, and affording them support and protection. This portion

of the areolar tissue has been named the "penetrating," "constituent,"

or "parenchymal."



56 CONNECTIVE TISSUES.

It thus appears that the areolar is one of the most general and most
extensively distributed of the tissues. It is, moreover, continuous

throughout the body, and from one region it may be traced without

interruption into any other, however distant ; a fact not without interest

in practical medicine, seeing that in this way dropsical waters, air, blood,

and m'ine, effused into the areolar tissues, and even the matter of

suppuration, when not confined in an abscess, may spread far from the

spot where they were first introduced or deposited.

On stretching out a portion of areolar tissue by drawing gently asunder

the parts between Avhicli it lies, it presents an appearance to the naked
eye of a multitude of fine, soft, and somewhat elastic threads, quite

transparent and colourless, like spun glass ; these are intermixed with

fine transparent films, or delicate membranous laminse, and both threads

and lamiuEe cross one another irregularly and in all imaginable directions,

leaving open interstices or areolge between them. These meshes are, of

course, more apparent when the tissue is thus stretched out ; it is plain

also that they are not closed cells, as the term " cellular tissue " which
was formerly used to denote the areolar tissue, might seem to imply,

but merely interspaces, which open freely into one another : many
of them are occupied by the fat, which, however, does not lie loose

in the areolar spaces, but is enclosed in its own vesicles. A small

quaiitity of colourless transparent fluid of the nature of lymph is also

present in the areolar tissue, but, in health, not more than is sufficient

to moisten it.

On comparing the areolar tissue of different parts, it is observed in

some to be more loose and open in texture, in others more dense and close,

according as free movement or firm connection between parts is to be

provided for.

FIBROUS a?ISStJE.

"When the fine bundles of connective tissue are disposed for the most
jDart in one or two directions, instead of interlacing in every direction as

in the areolar tissue, they confer a distinctly fibrous aspect to the parts

which they compose, accompanied by the acquisition of certain proper-

ties, which are mainly due to the parallel disposition of the elements

of the tissue, and to the preponderance of the white fibres over the

elastic (see below). This fibrous tissue is met with in the form of

ligaments, connecting the bones together at the joints ; it also forms the

tendons of muscles, into which their fleshy fibres are inserted, and which
serve to attach these fibres to the bones. In its investing and pro-

tecting character it assumes the membranous form, and constitutes a

class of membranes termed "fibrous." Examples of these are seen in

the periosteum and perichondrium which cover the bones and cartilages,

in the dm'a mater which lines the skull and protects the brain, and the

fibrous layer which strengthens the pericardium, also in the albugineous

coat of the testicle, and the sclerotic coat of the eye, which enclose

the tender internal parts of these organs. Fibrous membranes, named
'' aponeuroses " or " fascia3," are also employed to envelope and bind
down the muscles of different regions, of which the great fascia inclosing

the muscles of the thigh and leg is a well-known example. The tendons

of muscles, too, may assume the expanded form of aponeuroses, as those

of the broad muscles of the abdomen, which form strong fibrous layers

in the walls of that cavity and add to their strength. It thus appears
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that the fibrous tissue presents itself under two principal forms, the

fascicular and the onembranous.

The fibrous tissue is white or yellowish white, with a shining, silvery,

or nacreous aspect. It is exceedingly strong and tough, yet perfectly

pliant ; but it is almost devoid of extensibility. By these qualities it is

admirably suited to the pui'poses to which it is applied in the animal

frame. By its inextensible character it maintains in apposition the

parts which it connects against any severing force short of that sufl&cient

to cause actual ruptm-e, and this is resisted by its great strength, whilst

its flexibility permits of easy motion. Accordingly the hgaments and
tendons do not sensibly yield to extension in the strongest muscular
efforts ; and though they sometimes snap asunder, it is well known that

bones will break more readily than tendons of equal thickness, and the

fibrous membranes are proportionally strong and alike inextensible.

ELASTIC TISSUE.

In other situations in the body a tissue is found which, while allowing

a considerable amount of extension, will readily retm'n to its original

condition when the extending force is relaxed. This is provided for by
the preponderance of elastic fibres in the connective tissue, and these in

the most typical examples of the tissue, such as the ligameutum nuchas
of quadrupeds and the ligamenta subflava of the human spine, give it

a yellowish colour. The tissue is extensible and elastic in the highest

degree, but is not so strong as ordinary fibrous ligament, and it breaks
across the direction of its fibres when forcibly stretched.

Examples of the texture on a large scale are seen in the horse, ox,

elephant, and otlier large quadrupeds, in which it forms the great elastic

ligament, called ligamentum nuchce, that extends from the sj)ines of the
vertebrae to the occiput, and aids in sustaining the head ; in the same
animals it also forms an elastic subcutaneous fascia, which is spread over
the muscles of the abdomen and assists in supporting the contents of

that cavity. In the human body it is met with chiefly in the following

situations, viz. :

—

1. Forming the ligamenta siibflava, which extend between the arches

of adjacent vertebrae ; these ligaments, while they jDermit the bones to be
drawn apart in flexion of the body, aid in restoring and maintaining
their habitual approximation in the erect postm^e—so far, therefore,

relieving the constant effort of the erector muscles. There is, moreover,
an obvious advantage in having an elastic band in this situation, instead

of an ordinary ligament, which would be tln'own into folds when the
bones are approximated. 2. Constituting the chief part of the stylo-

hyoid, thyrohyoid, and cricothyroid ligaments, and those named the
vocal cords. Also extending, in form of longitudinal bands, underneath
the mucous membrane of the windpipe and its ramifications. 3. Enter-
ing, along with other textm-es, into the formation of the coats of the
blood-vessels, especially the arteries, and conferring elasticity on these

tubes.

MICROSCOPIC STRUCTURE OF CONNECTIVE TISSUE.

The three kinds of connective tissue, the obvious characters and
arrangement of which have just been described, agree closely mth one
another in elementary structure. They are all composed of a matrix or
ground-substance, in vv'hich cells are imbedded, and in this ground-
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substance and bet^veen the cells are fibres of two kinds, the "white

and elastic. It is the different arrangement of the cells and fibres, as

well as the relative proportion of one kind of fibre to the other, that
determines the different characters of the varieties of connective tissue

above enumerated.

Ground-substance and Fibres of Connective Tissue.—The
ground-substance, matrix, or intercellular substance of the connective

tissue is composed of a
Fig. 55. soft homogeneous material

which occupies the tissue

between the cells and cell-

Fig. 55.

—

Cell-spaces op sub-

cutaneous CONNECTIVE-TISSUE,

THE GROUND SUBSTANCE HAVING
BEEN STAINED DEEPLY BY NI-

TRATE OF SILVER. (E. A. S.)

340 DIA3IETERS.

groups, and in which, as

above stated, the fibrous

elements of the tissue are

found, it may be in so great a quantity as altogether to obscure the

ground-substance in which they lie. It serves thus to unite the fibres,

at least the white fibres, into the bundles which they form, penetrating

between the individual fibrils of a bundle, and enveloping the latter

with a homogeneous sheath often of gTcat tenuity.

The ground-substance of connective tissue appears to contain mucin. It

is precipitated and rendered cloudy by acetic acid. It becomes stained

brown when treated "\^'ith nitrate of silver and afterwards exposed to

the light, in this respect resembling the intercellular substance of

an epithelium. The cells of the tissue he imbedded in it, either in

Fig. 56.
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Fig. 56.

—

Cell-spaces of tendon of mouse's tail, brought into view by treat-
ment WITH nitrate of SILVER. 175 DIAMETERS, (E. A. S.)

shallow pits on the surface, or in spaces—cell-spaces—entirely en-

closed by the ground-substance, the spaces being for the most part

rather larger than the contained cells, with which, however, they corre-

spond on the whole in shape. These cell-spaces (the Saftkaniilchen

of Recklinghausen, lym^^hatic canaliculi of Klein and Burdon-Sanderson)
are brought into view when the tissue is stained with nitrate of silver,

for they then look white upon the brown ground (figs. 55, 5G).
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White Fibres.—When examined nnder the microscope both the areolai:

and fibrous tissues are seen to be principally made up of exceedingly fine,

transparent, and appa-

rently homogeneous fila- Fig- 57.

ments, from about -5 o-^g-
to a-B-o-Q-o*^ 0^ ^^1 ^^^^^

in thickness, or even less

(fig. 57). These are

Fig. 57.—Filaments op areo-

lar TISSUE, IN LARGER
AND SMALLER BUNDLES, AS

SEEN UNDER A JIAGNIFYING

]'OWER OF 400 DIA3IETERS

Sliarpey).

seldom single, being

mostly united by means
of a small and usually

imperceptible quantity

of the ground-substance

into bundles and filamen-

tous laminfB of Tarious

sizes, which to the naked
eye appear as simple threads and films. Though the bundles may
intersect in every direction, the filaments of the same bundle run nearly

parallel to each other, and no one filament is ever seen to divide into

branches or to unite with another. The associated filaments take an
alternate bending or waving course as they proceed along the bundle,

but stiU maintain their general parallelism. This wavy aspect, which is

very characteristic of these filaments, disappears on stretching the bundle,

but returns again when it is relaxed.

The filaments just described, though transj)arent when seen with
transmitted hght under the microscope, appear white when collected in

considerable quantity and seen with reflected hght ; they are doubly

reft"acting and, therefore, appear bright when viewed between crossed

Nichol's prisms. Acetic acid causes them to swell up and become indis-

tinct. When the tissue is boiled in water the white fibres are almost

wholly resolved into gelatine ; they are said, therefore, to be composed
of collagenous substance.

Elastic Fibres.—Occurring both in the areolar and fibrous tissue,

and composing the greater j)art of the so-called elastic connective tissue,

fibres of a dilferent nature from those just considered are found—these

are the elastic fibres. When collected in considerable quantity they have,

as we have seen, a yellowish colour, but when seen singly their yellow colour

does not appear ; they can, however, always be recognised by the following-

characters. Wlien viewed under a tolerably high magnifying power,

they appear quite transparent, with a remarkably well-defined outline

(fig. 58). They may run nearly straight, but often follow a somewhat
bending course, with bold and wide curves, unlike the undulations of

the white connective filaments. As they proceed they divide into

branches, and join or anastomose together in a reticular manner (fig. 59).

In some parts the elastic networks are composed of fine fibres with wide
meshes ; in other parts the elastic fibres are larger and broader and the
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intervening spaces narrower, so that the tissue may even have a lamellar
character and present the appearance of a homogeneous membrane, which
may be either entire, or vdth gaps or perforations at short intervals, in
which case it constitutes the fenestrated membrane of Henle, found in the

Fig. 50.

Fiff. 58.

Fig. 58.

—

Elastic fibres froji the ligamenta subflava ; magnified about 200
DiAJiETEES (Sliarpey).

Fig. 59.

—

Elastic fibres froji the ligameutuji nitch-e of the ox, showing trans-

verse MARKINGS ON THE FIBRES ; HIGHLY MAGNIFIED. (E. A. S.)

coats of the blood-vessels. A remarkable character which clastic fibres

exhibit in many specimens, is a tendency to curl up at their broken
ends ; and these ends are not pointed, but abruptly broken across. Their

size is very various ; the largest in man are nearly ioVotli of an inch

in diameter, the smallest perhaps
Fig. 60.
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not more than yttooo^^i-

situations the laru'cr

In some
sized fibres

prevail ; this is the case with the
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Fig. 60.

—

Cross-section of elastic fibres
FROM THE IIGAMENTUM NUCH-E OF THE OX
(from a sketch by Mi: T. P. Gostling).

ligamenta subflava, where
general diameter is about -yjVo

their

thof
an inch ; in other instances, as in

the vocal chords and in many pai'ts

of the areolar tissue, the elastic fibres

are exceedingly fine. In some animals elastic fibres arc met with y3^ofTth
of an inch in thickness. In shape they are not cylindrical but angular,

as is weU seen in transverse section (fig. GO).
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In certain portions of the areolar tissue, as for instance in that which
lies under the serous and mucous membranes of particular regions, the
yellow or elastic fibres are abundant and large, so that they cannot ATell

be overlooked ; but in other parts and in the fibrous tissue, they are

few in number, and small, and are then in a great measure hidden by
the white filaments ; in such cases, however, they can generally be

Fig. 61.

Fig. 61.

—

Magnified view of
AREOLAR TISSUE (FROM DIF-

FERENT parts) treated with
ACETIC ACID (Sbarpey).

<"

The white filaments are no
longer seen, and the yellow or

elastic fibres with the cell-nuclei

come into view, a, a bundle of

white fibres, which is swollen out

by the effect of the acid, and pre-

sents a number of constricting

bands. h shows the branching

of the nearly straight elastic fibres

of areolar tissue, and their union
into a network.

rendered conspicuous under the microscope by means of acetic acid^

which causes the white filaments to swell up and become indistinct,

whilst the elastic fibres not being affected by that re-agent, come then

more clearly into view (fig. Gl, V). Moreover, they resist the action of
boiling alkaline solutions of potash and soda, of moderate strength^

which very speedily destroy the rest of the tissue.

A watery solution of magenta stains elastic fibres very intensely. The substance

of wliicli the elastic fibres is principally composed does not yield gelatine on boil-

ing. It has been named clnst'm, and is one of the most resistant materials met
with in the body. But it seems to be combined with some less resistant sub-

stance ; for Pfeuffer found that after long digestion of elastic fibres in peptic or

tryptic fluids, a portion of the fibre became swollen and partly dissolved, whilst

the elastin remained for the most part in the form of separated particles.

Many observers have described transverse striation in elastic fibres (see fig. .59),

especially in those that have been long macerated. It is not improbable that ap-

pearances of tra,nsverse striation, and also the tendency which the elastic fibres

show to break across (seldom or never splitting longitudinally), are indications of

the original formation of the fibres as rows of isolated paxticles, which subse-

quently become fused together.

Schwalbe ascribes sheaths to the elastic fibres. Some have thought them to be
tubular : but, although probably less dense at the centre than at the periphery,

the fibre seems to be solid throughout.

Arrangement of the Fibres in the areolar, fibrous, and elastic

tissues respectively.—In the areolar tissue the bundles of white

fibres intercross in all directions (fig. 62), and exhibit every degree of

curvature. The bundles are exceedmgly variable in size, the number of

filaments in a bundle presenting a corresponding variation; and the

laxity or density of the tissue depends chiefly upon the size of the

bundles and the closeness with which they are packed.

The elastic fibres of areolar tissue run in the ground-substance between
the white bundles, but when the latter are large and occupy almost the

whole of the tissue the elastic fibres often appear to lie upon the siu-faces

of the bundles, and we even see here and there what apj)ears to be an
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elastic fibre winding round one of these bundles, and encircling it with
several spiral turns. AVhen acetic acid is applied, the fasciculus swells
out between the constricting turns of the winding fibre, and presents a
highly characteristic appearance (fig. 61, a). This remarkable dis-

position of the elastic fibres, which was pointed out by Henle, is

not uncommon in certain parts of the areolar tissue ; it may be always

Fig. 62.

Fig. 62.

—

Subcutaneous conk-ective

TISSUE OP A YOUNOr GUIKEA-PIG
J
MAG-

NIFIED 350 DIAJIETERS.

d, branched corpuscle ; c, flattened

corpuscle
; g, granular corpuscle ; Z,

leucocyte or migratory cell. The elastic

fibres are not represented.

seen in that which accompanies
the arteries at the base of the

brain. It must be observed, how-
ever, that the encircling fibre

sometimes forms not a continuous

spiral, but several separate rings.

In such a case the appearance

may be explained on the sup-

position that the bundles in question are naturally invested with a
delicate sheath (of ground-substance), which, like the elastic tissue,

resists acetic acid, but, on the swelling up of the bundle under the

operation of that agent, is rent into shreds or segments, mostly annular

or spiral, which cause the constrictions. In other cases the union
of branches of the cells around a bundle may be the cause of the

aj)pearance.

The areolae, or interstices of the areolar tissue, arc intercommunicating
cleft-like spaces between the bundles and laminre. They are not present

in the immature tissue, in which the ground-substance is continuous

throughout, but as the matrix becomes fibrillar the areolae are formed,

probably by the liquefaction of ground-substance.

In the fibrous tissue the bundles of white filaments run parallel,

cohering very intimately. They either run all in one direction as in

long tendons, or intersect each other in different planes as in some
aponeuroses, or they take various directions and decussate irregularly

with each other as in the dura mater. And when they run parallel to

each other, as in tendon, they do not keep separate throughout their

length, but send off slips to join neighbouring bundles and receive the

like in turn ; so that successive cross sections of a tendon or ligament
present different figures of the sectional areas of the bundles. A sheath

of dense areolar tissue covers the tendons and ligaments on the outside

(fig. G3, a), and a variable amount of the same tissue (d, e) lies between the

fasciculi into which the smaller bundles are grouped, separating them
from one another, and also occurring, in greater amount, between the

largest fiisciculi (r). It is in these areolar tissue septa that the blood-

vessels and lymphatics of a tendon or ligament run.

The surface of a tendon or of any other part consisting of this

texture, appears marked across the direction of the fasciculi with
alternate light and dark streaks, which give it a peculiar aspect, not
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unlike that of a watered ribbon. This appearance is owing to the wavy-
course of the filaments, for when the light falls on them their bending's
naturally give rise to alternate lights and shadows.
The fibrous and areolar tissues thus agreeing in their ultimate structure,

it is not to be wondered at that sometimes the limits between the two
should be ill-defined, and that the one should pass by inconspicuous

Fig. 63.
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Fig. 63.

—

Part of a moderately large tendon in transverse section (E. A. S.)

a, areolar sheath of the tendon, with the fibres for the most part running transversely,

but "with two or three longitudincal bundles, h ; I, lymphatic cleft in the sheath ; imme-
diately over it a blood-vessel is seen cut across and on the other side of the figure a small

artery is shown cut longitudinally ; c, large septum of areolar tissue ; d, smaller

septum ; e, still smaller se]ptum. The irregularly stellate bodies are the tendon cells

in section.

gradations into the other. Instances of such a transition may be seen in

many of the fascise : these at certain parts consist of dense areolar tissue,

but on being traced farther are seen gradually to become fibrous ; and
fasciaa, which in one body are areolar in character, may be decidedly

fibrous in another.

In the elastic tissue, there is a great proportionate development of

the elastic fibres, the white bundles being relatively few and indistinct,

but considerable variation is met with in the ]3roportion of the two
kinds of elements. The white bundles are, for the most part, disposed

ii'regularly and course in different directions, as in areolar tissue
;

but, in some elastic ligaments, there are bundles of white fibres, which
run as in an ordinary ligament parallel with one another, and from
end to end of the structure. The elastic fibres in an elastic liga-

ment, are collected into smaller and larger groups or bundles (fig. GO),

which are separated from one another by septa of the white tissue, but

the latter also penetrates between the indi^Tldual elastic fibres of the

group.
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The Cells or Corpuscles of Connective Tissue.—The cellular

elements of connective tissue, are mostly lamellar in shape (fig. G2, e,

and fig. 64), and lie imbedded in the ground-substance, being often ap-

plied to the surfaces of the bundles of white fibres. Where three or

more bundles come into apposition, the connective tissue cells may

Fis. 64.

'-<s@.
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Fig. 64. Two CONNECTIVE TISSUE CORPUSCLES FROM THE SUBCUTANEOUS CONNECTIVE

tissue; highly magnified. (E. A. S.)

Tlie dark streak below I, in the right hand corpuscle, is a lamella which happens to

he projecting towards the observer and is seen in optical section.

extend between the several bundles, and they then consist of not one

lamella, but of two, three, or more which fit in between the bundles, the

body of the cell occupying the larger interstice. The cells in some parts^

Fig. 65. Fig. 66.

Fig. 65.

—

Hajiified connective tissue corpuscles (E. A. S.); magnified 250

DIAMETERS.

(From a preparation stained with chloride of gold.)

Fig. 66.—Epithelioid and ramified cell-spaces of connective tissue (E. A S.).

340 diameters.

(From a preparation stained with nitrate of silver.)

The nnclei of the cells are faintly indicated.

united by their edges into patches, after the manner of an epithelium ;

but in other cases, the union takes place by means ofbranching pro-
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cesses, so that the cells form a kind of network throughout the ground-

substance, and a corresponding network is of course formed by the

spaces in which the cells lie. These flattened connective tissue cor-

puscles are generally composed of comparatively clear cell-substance,

with but a few gTanules scattered through it ; they have a large oval

nucleus with an intra-nuclear network and nucleoli.

According to Klein, " it can be shown that each connective tissue corpuscle is

composed of two distinct substances : (a) a hyaline plate

—

grtmnd-jjlate—which
contains the oval nucleus, the substance of which is a dense network—intra-

nuclear network ; and Qj) a second substance—a network of minute fibrils, intra-

cellular network—arranged always more copiously at one side of the nucleus

than at the other."

Besides these clear flattened cells, others are met with in the con-

nective tissue, which are spheroidal and more decidedly granular, with

rounder nuclei (fig. G2,g). Here again we must distinguish between those

cells which have actual coarse granules in their protoplasm, and those the

protoplasm of which is finely reticular, and merely appears granular under

Fig. 67.

Fig. 67.

—

Epithelioid cells of connective tissue. From the surface of ad

APONEUROSIS TREATED WITH NITRATE OF SILVER. HiGHLY MAGNIFIED. (E. A. S.)

ordinary powers of the microscope. Although often classed together

under the name of plasma-cells (Waldeyer), they are perfectly distinct

elements, and it will be better therefore to reserve the name " plasma-

cells " for the latter kind, especially since the reticulation of the protoplasm

seems to be due to the accumulation of vacuoles containing fluid (lymph)

within it, and to employ the name of granular cells for those which con-

tain obvious granules. These are especially abundant near the blood-

vessels, from which it might be inferred that they are derived from white

blood-corpuscles which have migrated from the blood-vessels. Both
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granular and plasma cells, are however, considerably larger than the or-

dinary migi-atory cells (fig. 62, /), which are also frequently met with in

the connective tissue, and are known by their amoeboid movement, which
the connective tissue corpuscles proper do not exhibit in any appreciable

degree. The plasma-cells are often irregular in shape, and may possess

branching processes (fig. 62, d). Sometimes they are elongated into

a fusiform shape, but cells of this form are not so common as was at

one time supposed ; the appearance being frequently produced by flat-

tened ceUs seen edge-ways.

In many membranous forms of connective tissue, the flattened cells

form an epithelial-like covering to the surfaces of the membrane or mem-
branes (fig. 67), and may even complete the latter by bridging over any
gaps existing between the bundles of fibres forming the membrane.
Such epithelioid tracts may be of considerable extent. It is often

observable, that the cells at the margin of the patch have processes at

their free border, which arc connected with the ordinary scattered cells

of the tissue (see fig. 66).

In areolar tissue, ihe connective tissue cells have no very definite

arrangement. Both the cells and the spaces in which they lie may inter-

communicate by their branches, and in this way it often happens where
the tissue is thicker, that the system of cells and cell-processes, and of cor-

responding canals, may effect a communication between the superficial

and deeper parts of the tissue. The cells of areolar tissue, are connected

moreover with the flattened cells which Mne the smaller blood-vessels and
lymphatics, and by means of this connection, and the continuity of the cell-

spaces of the tissue, channels are provided for the flow of blood-]3lasma fi'om

the blood-vessels or towards the lymphatics. In addition to this, no doubt
some of the plasma or lymph may soak through the ground-substance, or

find its way through the lacunar interstices (areolse) of the tissue.

Fig. 68.

Fig. 68.

—

Tendon of mouse's tail, stained with logwood ; showing chains of

CELLS BETWEEN THE TENDON-BUNDLES. 175 DIAMETERS. (E, A. S.

)

In fibrous tissue, (tendon and hgament), the cells, which are often

called " tendon-cells," follow the parallel arrangement of the fibre-bundles,

and are disposed in rows or chains (fig. 68), which may be easily seen if

a very fine tendon, such as those in the tail of the mouse or rat, or a

portion only of a larger one is examined under the microscope, and a

little dilute acetic acid is cautiously added. A peculiar shape is im-

pressed upon these cells by the close packing of the tendon bundles, for

although they may look quadrangular or oblong when the tendon is viewed

longitudinally (figs. 68, 69), yet when it is cut across, they have a stellate

appearance (figs. 63, 70), for hke other flattened connective tissue cells,
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they send lamellar extensions into the interstices between the contiguous
bundles, whilst the middle of each cell, containing the nucleus, Hes in the

Fig. 69.

^^%£<o^

Fig. 69.

—

Eight cells from the same tendon as represented in Fig. 68.

Magnified 425 diameters. (E. A. S.)

The nuclei, with their numerous nucleoli, were deejaly coloured by the logwood. The
dark lines on the surface of the cells are the optical sections of lamellar extensions directed

towards or away from the observer.

angular space between three or more bundles. When the tendon-cells

are viewed longitudinally, any of the lamellar/ extensions, which are

directed either towards or away from the observer, appear as lines on the

surface of the cell (fig. 69). The same appearance is often seen upon the

flattened cells of the denser forms of areolar tissue, where the cells have
been squeezed in between three or more bundles.

Each tendon-cell consists of a delicate protoplasmic body, thicker at the

centre and thinning off in the extensions, and containing a flattened,

round or oval, clear nucleus, with several nucleoli. The ends of adjacent

Fig. 70.

—

Transverse section of tendon op mouse's Fig. 70.

TAIL stained with LOGWOOD. 175 DIAMETERS.

(B. A. S.)

The flattened processes of the tendon-cells (which are

stained deeply by logwood) appear in section as lines, fre-

quently coming ofif at right angles from the body of the

cell. The bundles of fibres are not represented ; they

are very irregular, and but incompletely separated by the

cell-processes.

cells are in close apposition, and form, as before

noticed, long chains of cells in the tendon, and
the nucleus is generally so situated towards

one end of the cell as to be in close proximity to the nucleus of an ad-

jacent ceU ; they thus present the appearance of being arranged in

pairs (fig. 69). Here and there a third nucleus, with a small amount of

protoplasm, may be seen interpolated between two such cells.

The lamellar extensions of the cells do not always end with an even
line, but are themselves often prolonged into fine branches, which pene-

trate still further into the ground-substance which separates the fibre-

bundles of the tendon from one another.

In the pure elastic tissue, such as that which constitutes the

ligamentum nuchse in animals and the ligamenta subflava in man,
it is generally stated that cells are altogether absent. Schwalbe finds

on the contrary numerous flat connective tissue cells scattered in the

ground-substance which lies between the elastic fibres ; the cells being
often in close apposition with the elastic fibres, but never in continuity

with them, as was described by Thin.
F 2
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Vessels and Nerves of Connective Tissue.—Although blood-

vessels, lymphatics, and nerves are everywhere conveyed in the areolar
tissue to the places where they are to be distributed, very few blood-

capiUaries are destined for the tissue itself, although abundant lymphatic

networks are present in many parts ; especially in the subcutaneous,

subserous and submucous tissues. It is uncertain whether nerves termi-

nate in the areolar tissue. It may be cut in a living animal apparently

without giving pain, except when the instrument meets with those

branches of nerves which traverse the tissue on their way to other parts.

The fibrous tissue receives blood-vessels, but in general they are

inconsiderable both in number and size compared with the mass of tissue

to which they belong. In tendons and ligaments with longitudinal

fasciculi, the chief branches of the vessels run parallel with and between
the larger fasciculi, and, sending communicating branches across them,

eventually form a very open network with large oblong meshes. Some
fibrous membranes, as the periosteum and dura mater, are much more
vascular ; but the vessels seen in these membranes do not strictly belong

to them, being destined for the bones which they cover.

Lymphatics are contained in gTeat abundance, as Ludwig and
Schweigger-Seidel showed, in the enveloping areolar-tissue sheaths of

tendons and aponeuroses, where they form plexuses with polygonal meshes.

In addition to these, a close network of lymphatic vessels with elongated

meshes may be injected in the deeper parts of the tendons, where they run
in the penetrating areolar tissue. Sometimes, as in the central tendon of

the diaphragm, lymphatic spaces separate the tendon bundles from one

another. A connection no doubt subsists between these lymphatics and
the cell-spaces of the fibrous tissue : and it has been suggested that

the lymphatic vessels of the tendons are partly concerned in the removal

of lymph from the muscles, in which the existence of lymphatic vessels

has not hitherto been recognized.

The penetrating areolar tissue of tendons, like the same tissue else-

where, possesses areolse, which here take the form of elongated clefts,

and these may also partly serve for the passage of lymph.

Many tendons and ligaments, and some fibrous membranes, have
been shown to possess nerve-fibres, which course for the most part in a

direction parallel with the fasciculi and may terminate in a special

manner within these tissues, as will be noticed when the peripheral dis-

tribution of nerves is described.

As to elastic tissue, the yellow ligaments, which contain this in its

purest form, are but scantily supplied with blood-vessels, those that are

present running in the interstitial areolar tissue between the elastic

bundles. The lymphatic vessels also course for the most part longi-

tudinally in the interstitial areolar tissue, being connected here and
there by transverse branches, and in addition to these vessels the lymph
may be conveyed by means of the elongated areolae of the same tissue.

Neither blood-vessels nor lymphatic vessels actually penetrate into the

small bundles of elastic fibres, although the lymphatic vessels often lie

close against the surface of the bundles.
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SPECIAL VAEIETIES OP CONNECTIVE TISSUE.

1.—At an early period of development connective tissue consists of a

pellucid jelly and nucleated corpuscles. The soft watery jelly contains

the chemical principle of mucus, or mucin, and, in much less proportion,

albumin, but not gelatin. In the general course of development of the

tissue, fibres, both white and elastic, are formed in the soft matrix, and

finally obscure or obliterate this substance in a great measure. But in

certain cases the course is dificrent. The cells may disappear, only the

jelly remaining, as in the vitreous humour of the eye ; or the corpuscles

Fig. 71.

Fig. 71.

—

Jelly of Wharton (Ranvier)

r, ramified cells intercommunicating by their branches ; I, a row of leucocytes or

migratory cells
; /, /, fibres coursing through the ground-substance.

may branch out and join together in form of a network in the jelly, with

the nuclei persisting at the spots whence the threads diverge. The
areolar tissue surrounding and imbedding the vessels in the umbilical

cord of the foetus consists of fusiform and ramified corpuscles asso-

ciated with white fibrillar bundles and elastic fibres, along with a

quantity of the original soft matrix, which is persistent at the time of

birth. The tissue is here known as the jelly of Wharton (fig. 71).

Connective tissue of this nature is known as jellylike or mucous
tissue.

2.—In other cases the matrix disappears or liquefies : and the ramified

corpuscles unite together into a reticular or fine trabecular structure

(fig. 72) : either retaining their nuclei as at a, or losing them and then

forming a fine network of simple fibres without nuclei as at I. Some-
times the processes of the cells are flattened out, and then sections of

the tissue have a somewhat honeycombed appearance.

That the tissue is constructed of ramified corpuscles is shown by its

withstanding boiling in water, whilst it readily dissolves in hot alkaline

solutions, whereas if the fibres composing the network were of the white
or of the elastic variety, they would behave differently under such
treatment. Nevertheless as Bizzozero has pointed out, the branched
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cells of this tissue are, in some situations at least, if not in all, wrapped
round small anastomosing bundles of connective tissue fibres.

To a tissue which is thus formed of branched cells united into a net-
work, the term retiforiu or reticular tissue is apphed : it is also

known as adenoid tissue.

Fig. 72. Fig. 72."

—

Thin section pkom
THE COBTICAL PART OF A
LYMPHATIC GLAND, MAGNIFIED.
(His.)

a, b, network of fine trabeculse

formed by retiform or adenoid
tissue, from the meshes of which
the lymph-corpuscles have been
washed out, except at c, where
they are left.

In many situations the

meshes of the retiform

tissue are occupied by
numerous corpuscles which
closely resemble the pale

blood- or lymph-corpuscles, but have a relatively larger nucleus, and less

protoplasm than those. They are known as lymfplioid cells, and the tissue

containing them is termed Isnuplioid or lymphatic tissue. In this

form, retiform tissue is found composing the greater part of the lymphatic

glands, and other structures allied to them, such as the solitary and ag-

minated glands of the intestine, and the similar structures in the tonsils

and elsewhere. Moreover, the alimentary mucous membrane is in great

measm'e composed of the same tissue, and it occurs also in other mucous
membranes and, in the form either of elongated tracts or of isolated

nodules, in many parts of the serous membranes. In the spleen, the in-

terstices of the retiform tissue are for the most part occupied by blood,

instead of by lymph as elsewhere. In organs into the construction of

which this tissue enters, it serves as a supporting framework to those

parts of the organ into which connective tissue of the ordinary kind

does not penetrate.

3.—Another special variety of connective tissue is met with in the

form of delicate membranes, and was formerly supposed to be quite

homogeneous in structure. These membranes have, however, in many
cases been shown to be made up of flattened cells, in close apposition,

which can be brought to view by staining with nitrate of silver. This

is the case with the so-called basement membranes or membranse
propriee, which are found under the epithelium of many mucous mem-
branes, and outside the epithelium of secreting glands. They form

therefore examples of an epithelioid arrangement of connective tissue

cells. In other cases the membranes in question are of an elastic nature,

e. g. the posterior elastic lamina of the cornea.

DEVELOPMENT OF CONNECTIVE TISSUE.

Those parts of the early embryo in which connective tissue is subsequently to
be developed, are at first composed entirely of embryonic cells, to all appearance
similar to those which constitute the mesodermic layer generally. The
first change of importance that occurs is the development of blood-vessels
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from some of these cells in the manner that has^j^JAeady been partly explained

(p. 34), and will be further treated of when those ves^elahave come under considera-

tion. Soon after the development of these primitive^lood-vessels the embryonic

cells become more separated, but retain for the most part a connection with one

another by interjoining processes ; and the interstices between the cells are now
found to be fiUed with a clear fluid, which is either produced by the cells them-
selves, or derived directly by transudation from the blood-vessels. This muco-
albuminous fluid subsequently acquires a firmer consistence, and eventually

remains as the ground-substance.

In this ground-substance fibres become developed of the two kinds, white and
elastic, but the manner in which they are formed is by no means clear ; and two
distinct and opposed views are held by histologists upon the subject. According

to the one view, the bundles of white fibrils are produced by a direct con-

version of the protoplasm of some of the cells, the others remaining as the

peimanent connective tissue corpuscles ; or it may be that some of the latter

represent embryonic cells, layers of whose protoplasm have been successively

converted into fibrillar tissue, the cells, meanwhile, after each such conversion,

growing again to their original size, and at length remaining in contact with
the bundle of fibres which they have assisted to form. Similarly the elastic

fibres are believed to be formed of the processes of some others of the embryonic
cells, which become connected with processes from other cells, and undergoing
a chemical transformation, produce the networks of elastic fibres. According
to the other view the fibres, both white and elastic, are formed by a deposit in

the intercellular substance, and not by a direct change of the protoplasm of the

cells, with which indeed they are not connected ; although it is not impossible

that the deposition may in some way or other be influenced, or even-caused by
the pre-existing cells.

In favour of this latter view may be instanced the jelly of \\liarton, which is

merely connective tissue in a particular phase of development, and in which the

fibres of both kinds can be seen coursing through the jelly-like intercellular

substance, apart entirely from the cells (see fig. 71,/). And further it may be
mentioned that, when white fibres of connective tissue are developed in cartilage,

it is in the intercellular substance that they appear, and, so far as can be seen,

they are quite unconnected with cells. In the case of the elastic fibres, these,

as shown by Ranvier, first appear in the form of rows of granules or globtdes,

which subsequently become fused together end to end, and are not at any
time connected with cells (Fig. 73). To fonn an elastic membrane, in place of

being arranged in lines the globules are deposited in small patches, and by

Fig. 73. — Development of Fig. 73.

elastic tissue by deposi-

tion op fine grandles
(Ranvier).

g, moniliform fibres formed
of rows of " elastin ' granules;

p, flat platelike expansion of

elastic substance formed by the
fusion of " elastin '" granules.

their fusion the membrane
is formed ( p). In elastic

cartilage the granules first

make their appearance, it is

true, in the immediate neigh-

boui-hood of the cartilage-

cells ; but although this

renders it probable that

the deposition of the granules is influenced by the cells, it does not prove
that they are formed by a direct conversion of the cell-protoplasm. Indeed,
the subsequent extension of the fibres into those parts of the matrix which
were previously clear of them, and in which no such direct conversion of
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cell-protoplasm seems possible, is a strong argument in favour of the deposition

hypothesis.

The view which supposes that a direct conversion of the protoplasm of the

connective tissue cells takes place into fibres, both white and elastic, has of late

years been widely adopted, but it seems to rest less upon observation than upon a
desire to interpret the facts in accordance with the conceptions of Beale and M.
Schultze, according to which every part of an organised body consists either of

protoplasm (formative matter), or of material which has been protoplasm (formed
material), and the idea of a deposition or change occurring outside the cells in the

intercellular substance is excluded. But it is not difficult to show that a for-mation

of fibres may occur in soft substances in the animal organism, independently of the

direct agency of cells, although the materials for such formation may be furnished

by cells. Thus in those coelenterate animals in which a low form of connective

tissue first makes its appearance, this is distinguished by a total absence of cellular

elements, the ground-substance being first developed and fibres becoming formed
in it. Again, the fibres of the shell-membrane of the bird's egg are certainly

not formed by the direct conversion of the protoplasm of the cells which line

the oviduct, although it is probably in matter secreted by those cells, and through
their agency, that the deposit occurs in a fibrous form.

The formation of the special varieties of connective tissue has already been
considered (see p. 69).

Kegreneratlon.—Connective tissue appears to be readily regenerated, although
the new cicatricial tissue which is formed in place of that which has been removed
by the knife or by disease, is not always of the same character, either as regards its

cells or fibres, as the tissue it replaces. In the course of time the new tissue may
assimilate itself somewhat to the old, but seldom to such an extent that the scar

cannot be detected.
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ADIPOSE TISSUE.

The human body in the healthy state contains a considerable amount
of fatty matter of difiFerent kinds. It exists in several of the secretions

—

in some constituting the chief ingredient ; and it enters into the com-
position of many of the textures. But by far the greater part of the fat

of the body is inclosed in small cells or vesicles, which, together with
their contained matter, constitute the adipose tissue.

Distribution.—This tissue is not confined to any one region or

organ, but exists very generally throughout the body, accompanying the

still more Avidely distributed areolar tissue in most, though not in all

parts in which the latter is found. Still its distribution is not uniform,

and there are certain situations in which it is collected more abundantly.

It forms a considerable layer underneath the skin, and, together with

the subcutaneous areolar tissue in which it is lodged, constitutes in this

situation what has been called the jMnniculus adiposus. It is collected

in large quantity round certain internal parts, especially the kidneys.

It is seen filling up the furrows on the surface of the heart, and im-

bedding the vessels of that organ beneath its serous covermg ; and
in various other situations it is deposited beneath the serous membranes,
or is collected between their folds, as in the mesentery and omentum, at

first generally gathering along the course of the blood-vessels and at

length accumulating very copiously. Collections of fat are also common
round the joints, lying on the outer surface of the synovial membrane,
and fiUing up inequalities ; in many cases lodged in folds of the

Fig. 74.

Fig. 74. A SMAIil, FAT-LOBULE FROM THE SUBCUTANEOUS TISSUE OF THE GUINEA-

]'IG, MAGNIFIED ABOUT 20 DIAMETERS. (E. A. S.)

a, small artery distributed to the lobule ; v, small vein ; the capillaries within the

lobule are not visible.

membrane, which project into the articular cavity. Lastly, the fat

exists in large quantity in the marrow of bones. On the other hand,

there are some parts in which fat is never found in the healthy condi-

tion of the body. Thus it does not exist in the subcutaneous areolar

tissue of the eyelids and penis, nor in the lungs except near their roots,

nor within the cavity of the cranium.

Structure.—When subjected to the microscope, the adipose tissue

is seen to consist of small vesicles, filled with an oily matter, and for

the most part lodged in the meshes of the areolar tissue. The vesicles

are most commonly collected into little lobular clusters (fig. 74), and
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these again into the httle lumps of fat which we see with the naked eye,

and which in some parts are aggregated into round or irregular masses of

considerable magnitude. Sometimes the vesicles, though grouped together,

have less of a clustered arrangement ; as when they collect alongside of

the minute blood-vessels of thin membranous parts.

In well-nourished bodies the vesicles or fat-cells are round or oval (fig.

75), unless where packed closely together, in which case they acquire an
angular figure, and bear a striking resemblance to the cells of vegetable

tissues. The greater number of them are from -g-oo-th to eooth of an

inch in diameter, but many exceed or fall short of this measurement.

Each one consists of a very delicate envelope (m), inclosing the oily matter,

which, completely filling the envelope, appears as a single drop (/, g).

It often happens that a part of the fatty contents solidifies in the cell

after death, forming a bunch of delicate needle-shaped crystals (fig.

75, c r).

The envelope is the remains of the original protoplasm of the cell : it

Fig. 75.

Fig. 75. A FEW CELLS FROM THE MARGIN OP THE PAT-LOBULE REPRESENTED IN

THE PRECEDING FIGURE : HIGHLY MAGNIFIED. (E. A. S.)

f g, fat globule distending a fat-cell ; n, nucleus ; m, membranous envelope of the fat-

cell ; c r, buncli of crystals within a fat-cell ; c, capillary vessel ; v, venule ; c t, connec-

tive tissue cell ; the fibres of the connective tissue are not represented.

is generally quit'e transparent, and apparently homogeneous. According

to some authorities it consists of two parts, a delicate structureless

external membrane, and a layer of finely granular protoplasm immediately

surrounding the fat. The nucleus {ti) is always present in the protoplasm,

but is often so flattened out by the pressure of the inclosed oil-droj) as

to be visible only with difficulty.

The areolar tissue connects and surrounds the larger lumps of fat, but

forms no special envelope to the smaller clusters ; and although fine

fasciculi and filaments of that tissue pass irregularly over and through

the clusters, yet it is probable that the vesicles are held together in these
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^oups mainly by the fine network of capillary vessels distributed to

them. In the marrow the connective tissue fibrils are but few in num-
ber or may, it is said, be absent altogether.

The adipose tissue is copiously supplied with blood-vessels. The
larger branches of these pass into the fat-lumps, where they run between
the lobules and subdivide, till at length a little artery and vein are sent

to each small lobule (fig. 74, a, v), dividing into a network of capillary

vessels, which pass between the vesicles in all directions, supporting and
connecting them. The Isrmphatics of the fat are in close relation to

the blood-vessels, accompanying and occasionally completely enclosing

them as they enter the lobule. No nerves have been seen to terminate

in this tissue, although nerves destined for other textures may pass

through it. Accordingly it has been observed that, unless when such

traversing nervous twigs happen to be encountered, a punctm-ing instru-

ment may be carried through the adipose tissue without occasioning pain.

Development.—The fat first appears in the human embryo about the
fourteenth week of intra-uterine life. It is deposited in the form of minute
granules or droplets in certain cells of the connective tissue (figs. 76, 77,/,/')

:

these droplets increase in size, and eventually run together, so as to form one
large drop in each ceU. By further deposition the cell becomes swollen out to

a size far beyond that which it possessed originally, and its protoplasm remains as

a delicate envelope surrounding the fat-drop. By the end of the fifth month

Fig. 76.

—

Deposition op fat in connective Fig. 76.
TISSUE CELLS OP THE NEW-BOKN BAT.
(E. A. S.)

/, /, fat cells ; Ti, hsemapoietic cell.

the fat-cells have largely increased in
number, and have become collected into
small groups.

The deposit of fat within the ceUs is

preceded and accompanied by the forma-
tion of a rich network of capillaiy blood-vessels (fig. 77), which are produced by a
transformation of other cells of the tissue in the manner previously described

(p. 34).

Fig. 77.

Fig. 77. Deposition op fat in connective tissue cells. (E. A. S.)

/, a cell with a few isolated fat-droplets in its protoplasm ; /', a cell with a single

large and several minute drops
;
/", fusion of two large drops

; g, granular cell, not
yet exhibiting any fat deposition ; c t, flat connective tissue corpuscle ; c, c, network of

capillaries.
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The fat is often deposited in the granular cells of the connective tissue, these

being usually found in great abundance in those situations in which fat is

becoming developed (fig. 77). Sometimes, however, the deposition takes place in

the more ordinary connective tissue cells (fig. 76,/), or in cells which are appar-

rently intermediate between these and the granular cells, being rounded like the

latter, but consisting of a much clearer protoplasm (fig. 76,/'). 'V\Tien deposited

in ramified or flattened cells these acquire a spherical shape as they enlarge, ia

consequence of the distension produced by the accumulating fat.

The fat in some parts, and especially in the serous membranes, is formed at

the expense of pre-existing lymphatic tissue, the lymphoid cells probably becoming
enlarged and transformed into fat cells, whilst a considerable development of

blood-vessels accompanies the change. A similar transfoimation is also witnessed

in the thymus gland, which, in the foetus and infant, is chiefly composed of lym-
phoid tissue, but as growth proceeds becomes wholly converted into a mass of fat.

The superficial resemblance which adipose tissue often bears to many glands,

in its lobulated structure and the arrangement of its blood-vessels, has led some
histologists to look upon the fat-cell as a corpuscle of specific nature, and totally

distinct from any other kind of cell raet with in the connective tissue. But
against this view it may be urged that the situations in which fat is deposited are,

previously to its appearance, in no way distinguishable from the rest of the

areolar tissue ; that the cells in which it is produced are, so far as can be seen,

the same as those which are met with in almost all parts of the areolar tissue
;

and further, that when from any natm-al cause the fat is entirely removed from
the cells of a part and not again deposited in them, the part eventually acquires

all the ordinary characteristics of the areolar tissue. The great development of

blood-vessels in adipose tissue is obviously related to the function which it sub-

serves in storing up the fatty materials derived from the food in such a form
and situation as to be readily re-absorbed into the circulation when needed. More-
over, fat may be deposited in other kinds of connective tissue than the areolar, and
even in the cells of some epithelia.

PIGMENT.

An accumulation of coloured pigment-granules is met with in many
cells of the animal body, but most frequently in epithelium-cells and in

ceUs belonging to the connective -tissue. A well-marked example of

pigmented epithelium-cells in the human body is afforded by the black

coating which forms the external layer of the retina of the eye, and
covers the posterior surface of the iris. Dark pigment is also met with in

Fig. 78.-

—

Ramified cells, from the tissue op the
CHOROID COAT OF THE EYE ; MAGNIFIED 350 DIAMETERS
(KoUiker).

a, cells with pigment ; h, colourless fusiform cells.

the deeper layers of the cuticle, especially in the

coloured races, and in certain epithelial cells of

the membranous labyrinth of the ear, and the

olfactory region of the nose (combined in the

latter case with brownish yellow pigment).

In the connective tissue the pigment is metwith
in enlarged and irregularly branched corpuscles

which are termed pigment-cells. Such ramified

cells are very common in many animals. In the

human body cells of this description are found in

the dark tissue on the outer surface of the choroid coat, (fig. 78, a a), in the

iris, where they are often variously coloured, and on the pia mater covering

the upper part of the spinal cord. Pigment is also found in some of the
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ramified cells which form part of the retiform tissue of the medullary

substance of lymphatic glands, and occasionally in some of the similar

cells of the spleen. It may also be seen in migratory cells, but this is

more common in pathological conditions.

The pigment, strictly so called, which is contained within the cells,

consists of black or brown granules or molecules of a round or oblong

shape, and almost too small for exact measurement. These molecules

are densely packed together in some cells ; in others they are more
scattered, and then it may be seen that there is a certain amount of

colourless matter included along with them. When they escape from
the ruptured cells, they exhibit very strikingly the " Brownian " mole-

cular movement ; and in consequence of this movement the apparent

figure of the particles is subject to change. It is worthy of remark,

that when viewed singly with a very high magnifying power they look

transparent and almost colourless, and it is only when they are heaped

together that their dark colom' distinctly appears. The nucleus of the

pigment-cell is not coloured, but is very often hidden fr'om view by the

black particles.

In the lower animals remarkable movements are often observed in the

ramified pigment-cells, e.g., those of the frog's skin. In these the dark
particles of pigment are at one time dispersed through the whole cell

and its branches, but at another time they gather into a heap in the

central part, leaving the rest of the branched ceU vacant, but without

alteration of its figure. In the former case the skin is of a dusky hue ;

in the latter, pale. The aggregation of the pigment-molecules can be

excited through the nerves, both directly and also in a reflex manner, as

by the stimulus of light upon the retina.

CAETHiAGE.

This is the well-known substance commonly called "gristle." The
following are its more obvious characters. When in mass, it is opaque
and of a pearly or bluish white colour, in some varieties yellow ; but in

thin slices it is translucent. Although it can be easily cut with a sharp

knife, it is nevertheless of very firm consistence, but at the same time
highly elastic, so that it readily yields to pressure or torsion, and
immediately recovers its original shape when the constraining force

is withdrawn. By reason of these mechanical properties, it serves

important purposes in the construction of some parts of the body.

In the early embryo the skeleton is, in great part, cartilaginous; bu+

the cartilage forming its diflFerent pieces, which have the outward form
of the future bones, in due time undergoes ossification or gives place to

bone, in the greater part of its extent at least, and hence this variety of

cartilage is named " temporary."

Of the permanent cartilages a great many are in immediate con-

nection with bone, and may be still said to form part of the skeleton.

The chief of these are the articular and the costal cartilages; the

former cover the ends or surfaces of bones in the joints, and afford

these harder parts a thick springy coating, which breaks the force of

concussion and gives ease to their motions ; the costal or rib-cartilages

form a considerable part of the solid framework of the thorax, and
impart elasticity to its walls. Other permanent cartilages enter into

the formation of the external ear, the nose, the eyelids, the Eustachian
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tube, the larynx, and the windpipe. They strengthen the substance of

these parts without undue rigidity; maintaining their shape, keeping
open the passages through them where such exist, and giving attach-

ment to moving muscles and connecting ligaments.

Cartilages, except those of the joints, are covered externally with a

vascular fibrous membrane named the perichoiidrium.

When a very thin slice of cartilage is examined with the microscope,

it is seen to consist of nucleated cells, disseminated in a solid mass or

matrix (fig. 80). The matrix is sometimes transparent, and to all

appearance homogeneous ; sometimes dim and very faintly granular, like

ground glass : both these conditions occur in hyaline cartilage, which
may be regarded as the most typical form of the tissue. Two A'arieties

exist in which the matrix is pervaded to a greater or less extent by fibres.

In the one named elastic or yellow fihro-cariilage, the fibres are similar

to those of elastic tissue; in the other, named tvMte filro-cartiJage, they

are of the white kind as in ordinary ligament.

HYALINE CARTIIiAGE.

Structure.—In hyaline cartilage the matrix, as just stated, is

uniform, and, when examined fresh, usually appears free fi-om fibres.

Like the ground-substance or matrix of connective tissue, it becomes
stained brown by nitrate of silver and subsequent exposm-e to the light.

The cells consist of a rounded, oval, or bluntly angular cell-lody of

Fig. 79. Fig. 79.—A CARTILAGE CKLL IN THE LIVING STATE, FROM
THE SALAMANDER. HiGHLT MAGNIFIED (Flemming).

translucent protoplasm, embedded in which
are fine curvilinear interlacing filaments and
minute gTanules (fig. 79), with a round nucleus,

which is either clear with one or more nucleoli,

or, more commonly, is occupied by a network
of nucleoplasm, which produces under a low
power of the microscope a granular effect.

The cell-body lies in a cavity of the matrix, which, in its natural

condition, it entirely fills. This cavity is bounded and inclosed by a
transparent capsule, which is seldom obvious to the eye, for it coheres

intimately with the surrounding matrix, with which it agTees in natm'e,

and cannot usually be distinguished without the aid of re-agents.

By exposure to water and some other liquids, as well as to the action

of electric shocks, the cell-body shrinks away from the inside of the

capsule, and assumes a jagged or otherwise irregular figure, and then

may hide the nucleus (fig. 82). It often contains larger or smaller fat-

globules (fig. 80, g).

The cells of cartilage appear to contain glycogen, for they are coloured

reddish brown by iodine (Neumann).
They are rarely dispersed singly in the matrix ; most commonly

occurring in groups of two or more. When disposed in pairs (as at a,

fig. 80) the cells are generally triangular or pyramidal in form with

rounded angles, and with their bases opposite one another ; in the

larger groups {h) the cells have a straight outline where they adjoin oi

approach one another, but at the circumference of the group their out-

line is rounded. Towards the surface of the cartilage the groups are
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generally flattened conformably with the surface, appearing narrow and
ahnost linear when seen edgeways, as in a perpendicular section

(fig. 81, a).

Various observers, and especially Tillmanns, have shown that the matrix of

hyaline cartilage can be broken up after long maceration, and with the aid of

pressure, into fine fibrils. According to CressweU Baber, these fibres are vertical

Fig. 80.

—

Articular car- Fig, 80.

TILAGE FROM HEAD OF
METATARSAL BONE OF MAN
(OSMIC ACID prepara-
tion). The CELL-BODIES

ENTIRELY FILL THE SPACES

IN THE MATRIX. 340 DIA-

METERS. (E. A. S.)

a, group of two cells
;

i, group of four cells ; 7i,

protoplasm of cell, with g,

fatty granules ; n, nucleus.

to the surface in articular

cartUage , and parallel with
the long axis in rib car-

tilage. Their chemical
nature is not, however,
very clear, nor is it certain

how far the appearances
correspond with anystmc-
ture naturally present

;

but if, as Kiihne and Mero-
chowetz assert, gelatin

and mucin can be obtaiued

from the matrix of carti-

lage, the fibres in question

may be chemically of the
same nature as the white
fibres of connective tis-

sue, the mucin belonging

to the ground-substance in which they are embedded.
Other histologists have described a network of exceedingly fine ramified canals

penetrating the cartilage matrix, and effecting a communication between the
cell spaces. Up to the present time, however, the existence of such anastomosing
channels has not been conclusively proved, although often assumed in order to ex-

plain the manner in which nutritive plasma penetrates the matrix of cartilage to

reach the cells. Budge endeavoured to demonstrate the existence of canaliculi

by forcing coloured injecting fluid into the substance of cartilage, but the result

of the experiment was not conclusive. It has also been attempted to show them
by the so-called natural method of injection, that is by allowing indigo-carmine

(which has an intensely blue colour) to mix with the circulating blood of animals,

which after a time are killed and the cartilages examined. Proceeding in this way,
Gerlach was unable to see any blue channels in the cartilage matiix, while
Arnold, on the other hand, obtained results from which he was led to infer the
existence of minute cleft-Uke spaces throughout the matrix connected by fine

radiating canaliculi on the one hand with the lymphatics in the perichondrium,
and on the other hand with the ceU-spaces of the cartilage.

Such is the structure of hyahne cartilage in general, hut it is more or

less modified in different situations.
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In articular cartilarie, the matrix in a thin section appears dim, like

ground glass, having sometimes an almost granular aspect. The cells

and cell-groups are smaller and more dispersed, as a rule, than in rib -car-

tilage. As is the case also with the cartilage of the ribs, the groups are

flattened at and near to the surface, and lie parallel with it (fig. 81, a)
;

Fig. 81.

in I
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Fig. 81.

—

Vertical section of articular cartilage covering the lower end op
THE TIBIA (human). MAGNIFIED ABOUT 30 DIAMETERS. (K A. S.

)

a, cells and cell-groups flattened conformably with the surface ; h, cell-groups irregu-

lai-ly arranged ; c, cell-groups disposed perpendicularly to the surface ; d, layer of calci-

fied cartilage ; c, bone.

deeper and nearer the bone, on the other hand, they are narrow and
oblong, like short irregular strings of beads, and are mostly directed

vertically (fig. 81, c). It is well known that articular cartilages readily

break in a direction perpendicular to their surface, and the surface of

the fracture appears to the naked eye to be striated in the same direc-

tion, as if they had a columnar structure ; this may be due to the

vertical arrangement of the rows of cells, or to the substance of the

matrix being disposed in a fibrous or columnar manner (Leidy). It

was formerly held that the free surface of articular cartilage is covered

with epithelium, but no such covering really exists. It is easy, no
doubt, to peel 'off a thin film from the surface of the cartilage of the

head of the humerus or femiu* ; but this superficial layer is really part

of the cartilage, and its broad patches of cells with the intermediate

matrix are not to be inistaken (fig. 82).

Near the margin of the articular cartilages connective tissue is pro-

longed a certain way into them from the synovial membrane, and the

cartilage-cells acquire processes and present transitions to the connective-

tissue corpuscles of that membrane (fig. 83).

The matrix of articular cartilage rarely, or perhaps never, becomes
converted into fibro-cartilage, nor is it prone to ossify like rib-cartilage.
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But a deposit of calcareous granules may occur in the deeper parts of

the articular cartilage near the bone, the deposit first shomng itself

Fig. 82.—A THIN LAYER PEELED OFF FROJI THE Fig. 82.

SURFACE OP THE CARTILAGE OF THE HEAD OF

THE HUMERUS, SHOWING FLATTENED GROUPS

OF CELLS (Sbarpey).

The shrunken cell-bodies are distinctly seen,

but the limits of the capsular cavities where they

adjoin one another are but faintly indicated.

Masrnified 400 diameters.

around the groups of cartilage cells (fig.

81, d). This change may also happen

at the symphyses. When the earthy

matter is extracted by means of an acid,

the tissue which remains has all the

characters of cartilage.

In the costal cartilages, the cells, which are of considerable size, are

also collected in groups, larger for the most part than those found in

articular cartilage. JSTear the exterior of the cartilage they are flattened,

and lie parallel with the surface. As to those situated more inwardly,

we can sometimes observe, in a transverse slice, that they form oblong-

groups disposed in lines radiating to the circumference ; but this

arrangement is not constant, and they often appear quite irregular. The
cells, with the exception of those lying upon the surface, frequently

contain di'ops of oil, the nucleus being often altogether concealed by the

fat. The matrix is clear, except where fibres have been developed

in it, in which parts it is opaque and yellowish. Such fibrous patches

Fig. 83.

—

Border op articu- ^^'

LAR CARTILAGE SHOWING a Ti b
TRANSITION OF CARTILAGE

CELLS INTO CONNECTIVE- i

-

TISSUE CORPUSCLES. FrOM
HEAD OP METATARSAL BONE, ''^ S "^T ,

"

HUMAN. About 340 dia- ^ '' - '

'

- ' —^
METERS (E. A. S.).

"" ~ "
,

-^ _ ~
'

a, ordinary cai-tilage cells
;

&, 1), with branching processes.

are very frequent ; the

fibres are fine, straight,

and parallel, appearing

transparent when few
together ; they are not
s-\^'ollen by acetic acid. It is not uncommon to find the rib-cartilages

extensively ossified.

The description given of the microscopic characters of the costal

cartilages will apply with little variation to the ensiform cartilage of
the sternum, to the cartilages of the larynx and windpipe, except the
epiglottis and cornicula laryngis, and to the cartilages of the nose.
With the exception of the last, these resemble the rib-cartilages also in
their tendency to ossify.

"M^'/// y^yf^-'' -/ '''"!' J '"/"'j'/'M'/_:/;f/„'////

^
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The characters of the temporary cartilages, which are hyahne, will be
noticed in the account of the formation of bone.

ELASTIC OB YELLOW CARTILAGE.

The epiglottis and cornicula of the larynx, the cartilages of the ear
and of the Eustachian tube, differ so much from the foregoing, both in
intimate structure and outward characters, that they have been included
in a class apart, under the name of the " elastic," " yellow," or " spongy "

cartilages. These are opaque and somewhat yellow, are more flexible

and tough than the ordinary cartilages, and have little tendency to ossify.

They are made up of cells and a matrix, but the latter is everywhere
pervaded with fibres (fig. 84), except in a small area or narrow zone
(shaded in the figure) left round each of the cells. The fibres resist the
action of acetic acid ; they are in many parts short, fine, and confusedly
intersecting each other in all dnections, lilie the filaments in a piece of
felt ; in such parts the matrix has a rough indistinctly granular look,

but sometimes this appearance is due to the fact that the elastic fibres

are incompletely developed, the granules which are to form them having
not yet run together into fibres (fig. 85, &). Sometimes the fibres are

longer (fig. 85, c) but they still intercommunicate at short distances.

Fig. 84. Fig. 85.

m
"^i^^smmMm

Fig. 84.

—

Section of the elastic cartilage op the ear. Highly magnified
(Hertwig).

Fig. 85.

—

Section of part of the cartilage of the epiglottis (Ranvier).

a, cartilage cell in clear area ; i, granular-looking matrix near the middle of the

cartilage, the granular appearance bein>; due partly to the iine reticulum of elastic fibres,

partly to the presence of granules of elastic substance in the matrix ; c, clearer matrix

with longer fibres.

In large animals such as the ox, Avhere the fibres of ordinary elastic

tissue attain a considerable size, those of elastic cartilage are also

very large with comparatively wide meshes, occupied of course ))y the

hyaline ground-substance.

WHITE PIBRO-CARTILAGE.

This is a substance consisting of a mixture of the fibrous and carti-

laginous tissues, and so far partaking of the qualities of both. Like

hyaline cartilage, it possesses firmness and elasticity, but these properties

are united with a much greater degree of flexibility and toughness. It
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presents itself under various forms, which may be enumerated under the

following* heads :

—

1. Iiiterartleular fibro-cartilages. These are interposed between the moving'

surfaces of bones, or rather of articular cartilages, in several of the joints. They
serve to maintain the apposition of the opposed surfaces in their various motions,

to give ease to the gliding movement, and to moderate the effects of great pressure.

In the joint of the lower jaw and in that of the clavicle they have the form of

round or oval j)lates, growing thinner towards the centre ; in the knee-joint they

are curved in form of a sickle, and thinned away towards their concave free

edge. In all cases their surfaces are free ; while they are fixed by synovial or

fibrous membrane at their circumference or extremities. The synovial membrane
of the joint is prolonged for a sliort distance upon these fibro-cartilages, from
their attached margin.

2. The articular cavities of bones are sometimes deepened and extended by
means of a rim or border of fibro-cartilage. Good examples of these circum-

ferential or inarglnal fibro-cartilages are seen in the shoulder and hip-joints,

attached round the lip of the articular sockets.

3. Connecting fibro-cartilages are such as pass between the adjacent surfaces of

bones in joints which do not admit of gliding motion, as at the symphysis of the

pubis and between the bodies of the vertebrae. They have the general form of

disks, and between the vertebrse are composed of concentric rings of fibrous tissue

with cartilage-cells and matrix interposed ; the fibrous tissue predominating at

the circumference, the cartilaginous tissue increasing towards the centre. The
bony surfaces which they connect are usually encrusted with true cartilage.

4. The bony grooves in which tendons of muscles glide are Lined with a thin

layer of fibro-cartilage. Small nodules of this tissue {sesamoid Jihro-cartilages')

may also be developed in the substance of tendons, of which there is an example
in the tendon of the peroneus longus, and also in that of the tibialis posticus,

where it passes beneath the head of the astragalus. Lastly, we have an example
of the occasional connection of fibro-cartilage with muscle, in the attachment
given by it to muscular fibres at the base of the ventricles of the heart.

Pig. 86.

—

White fibeo-cartilage from an intervertebral disk (human). Highli'

MAGNIFIED (E. A. S.).

The concentric lines around the cells indicate the limits of deposit of successive cap-

sules. One of the cells has a forked process which extends beyond the hyaline area

surrounding the cell, amongst the fibres of the general matrix.

Fibro-cartilage appears under the microscope to be made up of

wavy fibres, like those of ordinary hgament, with cartilage-cells occupy-

ing the place, and often simulating the arrangement, of the tendon-

cells. As in elastic fibro-cartilage, the cells are immediately surrounded

by a part of the matrix which is free from fibres (fig. 86). As a general

rule they resemble the cells of ordinary cartilage, having a rounded shape,

although somewhat flattened where the bundles of fibres are closely packed.

In the intervertebral fibro-cartilages, many of the cartilage cells are

provided with long and ramified processes that extend far beyond the

body of the cell.
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The proportion Avhich the fibrous bundles bear to the true cartilage,

differs much in different examples of this tissue. In general the fibrous

tissue very greatly predominates, and in some cases, as in the inter-

articular laminte of the knee-joint, it constitutes almost the entire

structure, but cartilaginous tissue with characteristic cells predominates
near the surfaces. In the intervertebral disks the cartilage-cor-

puscles are, as already stated, more abundant towards the central pulp
than near the periphery, but the pulp itself does not in most instances

contain cartilage-cells, but a reticulated cell-structure embedded in

soft matrix, and probably derived from the cells of the chorda dorsaHs

of the embryo.

In the healthy state, no blood-vessels penetrate the articular carti-

lages. Whatever nutrient fluid they require seems to be derived fi'om

the vessels of adjoining textures, especially the bone, and to be conveyed
through the tissue by imbibition. ToAvards the circumference of the

cartilage, however, underneath the synovial membrane, the synovial

vessels form a narrow vascular border round it, which has been named
the circuhis articuU vascidosm.

When the tissue exists in thicker masses, as in the cartilages of the

ribs, canals are here and there excavated in its substance, along which
vessels are conducted for the nourishment of the parts too distant to

receive it fi'om the vessels of the perichondrium. But these canals are

few and wide apart, and the vessels do not pass beyond them to ramify
in the intermediate mass, which is accordingly quite extravascular.

ISTo nerves have been traced into any of the cartilages, and they are

known to be destitute of sensibility.

The matrix of cartilage is chiefly composed of a substance which is converted
after long boiling into chondrin. White fibro-cartilage yields gelatine in addi-*

tion. A certain amount of gelatine is said (by Kiihne) also to be yielded by
hyaline cartilage.

DEVELOPMENT OF CAETILAGE.

The pai-ts of the embryo which are to become cartilages are made up at first

of the common mesodermic cells from which the connective tissues generally

originate. After a time the cell-contents become clearer, the nucleus more visible,

and the cells, mostly of polygonal outline, appear sun-ounded by clear lines of

pellucid substance, foiming as it were a network of bright meshes inclosing

them, but in reality consisting of the cohering capsules of the contiguous cells,

and constituting all that exists of the matrix at this time.* Glycogen appears

at an early period in the protoplasm of cartilage-cells. Eouget found it in the

sheep's embryo of two months, both in ossifying cartilag-e and in the cartilages

of the trachea.

The subsequent changes consist in enlargement and multiplication of the cella

and development of the intermediate matrix from a substance which is formed
around and between them. The process appears to be as follows (fig. 87) :—The
cartilage cells first divide, a species of capsule being foitned round each of the

young cells (b), whilst the old one inclosing them becomes blended with the

intercellular matrix, and is no longer traceable (c). The new cells, in turn,

divide in the same way, so as to make a group of four, each of Avhich is sui--

rounded l)y its ovrcv capsule (d), whilst the capsules of the first descent (secondary)

blend with the ma,trix (e) like their predecessor.

The four- cells may each form a succession of capsules and thus become more

* CartOages, which retain this condition throughout life, have been termed '
' parenchy*

jnatous. " An example of this is found in the cartilage of the mouse's ear.
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separated from one anotlier, or they may divide again and form a gTotip of eight

or more. It is by reason of the cells remaining in contiguity with one another

after the division is complete that the groups of corpuscles which are so charac-

teristic of cartilage ai-e produced.

It is doubtful how the capsule is produced ; whether excreted by the cell which
it afterwards incloses, as held by Kolliker ; or formed by conversion of a super-

ficial layer of the protoplasm of the cell-body, as was taught by Max Schultze ; or a
primarily independent deposit around the cells. However this may be, there is at

fii'st no matrix but what is made up of the simple capsules.

Fig. 87.

—

Ideal plan of the multiplication of cells op caktilA(Je (Sharpey).

A, cell in its capsule ; B, divided into two, each with a capsule ; C, primary capsule

disappeared, secondary capsules coherent Avith matrix ; D, tertiary division ; E, secondary

capsules disappeared, tertiary coherent with matrix.

In further grovrth there is a difference, according as the cells do or do not

undergo frequent division. In the latter case a cell becomes suiTounded by many
concentric capsules formed in succession ; that is, the first capsule is expanded,

and the others formed each within its expanding predecessor, so that the cartilage

comes to consist of scattered cells, each with a concentric system of capsules,

which by means of re-agents may be rendered visible in the neighbourhood of the

cells, but further off are inseparably blended into a uniform substance. 'When,

on the other hand, the cells have a tendency to frequent subdivision, the new
capsules are produced by the new cells, and are included in and finally blend
with those which had belonged to the previous cells, as shoAvn by fig. 87.

The matrix, although thus formed of the capsules, usually becomes to all

appearance homogeneous ; but in sections of cartilage that have been exposed to

acids and other re-agents, the contour lines of the capsules round cells and cell-

groups may be more or less distinctly brought into view.

The mode in which the division of the cartilage-cell takes place has been care-

fully studied by Schleicher, and the stages of the process followed in the living

tissue (fig. 88). The nuclear membrane fii'st of all disappears, or is converted

into filaments of nucleoplasm. These become lost amongst the other filaments

which result from the conversion of the nucleoli and other more solid contents

of the nucleus. The filaments are at first short and irregular (a), and soon

take on a stellate arrangement {h). After a time they become grouped in a
parallel manner in the centre of the nucleus (c-d), tliis phase corresponding"

with the equatorial stage of division described by Flemming (vide ante, p. 13).

The parallel fibres soon divide into two groups, which pass towards the poles of

the nucleus. Sometimes the gap between the groups is bridged across for awhile

by fine filaments. The two groups of fibres next undergo a gradual process

of conversion into the daughter-nuclei (e-7i).

It will be seen, from the above account, that the division of the nucleus of the

cartilage cell resembles on the whole that which has been observed in other cells,

although all the details of the process have not been distinctly followed. The mode
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of division of the crll-svhstfmce is, however, different, for in place of a constric-

tion appearing- and gradually separating the protoplasm into two halves from
without in, a partition is formed (<?), in the middle of the now elongated cell,

being produced according to Schleicher, by the accumulation in this situation of

some of the filaments, which, as before mentioned (p. 78), occur in the cell-

protoplasm. However this may be, the septum, as soon as it is broad enough,
is seen in reality to consist of two layers, which are continuous with the capsules

of the two daughter cells (/).

Fig. 88.

—

Division of a cartilage cell (Schleicher).

a-li, stages of division of a cell, as seen in the living cartilage of the salamander (the

connection of the nucleoplasmic filaments could not be made out in the fresh condition).

a, h, stellate phase ; c, equatorial phase ; d, commencing separation of the nncleo-plasmie

filaments ; tlio further stages of separation are not represented ; e, filaments fully

separated into two groups, and a septum beginning to be formed between them
; /, septum

completed, seen to be double and continuous with capsules of daughter cells ; (/, h,

further stages in the formation of the daughter nuclei.

In the case of elastic cartilage the matrix is at first hyaline, and the elastic

fibres are subsequently produced in it. They appear in the form of fine granules

in those parts of the matrix that are in immediate contiguity with the cartilage

cells. In the cartilage of the external ear this change occurs about the fifth

month of intra-uterine life, commencing in the more central parts, and g-radually

extending outwards towards the perichondrium.

The mode of development of white fibro-cartilage has not been definitely

ascertained.

Nutrition and Eeg-eneration.—The vital changes which occur in cartilage

take place very slowly. Its mode of nutrition has been already referred to ; it

is subject to absorption, and when a portion is absorbed in disease or removed
by the knife, it is either not regenerated at all or but very slowly. A wound in car-

tilage is usually at first healed by connective tissue, which becomes gradually trans-

formed into or gives place to hyaline cartilage. The reappearance of the latter

seems, however, to depend upon the presence of the perichondrium, this membrane
fulfilling, although perhaps not to so marked an extent, the same functions in

the regeneration of cartilage as does the periosteum in the regeneration of bone.

Schwalbe found that the cartilage of the rabbit's ear grew only by apposition at

its margins and surfaces, and not interstitially ; but it is certain that the tem-
porary cartilages grow in the manner last mentioned.
When a cartilage is fractured, as sometimes happens with the rib-cartilages,

the broken surfaces become connected, especially at their circumference, by fibrous

or dense areolar tissue, and often by a bony clasp.
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BOlSrE OB OSSEOUS TISSUE.

The bones are the principal organs of support, and the passive in-

struments of locomotion. Connected together in the skeleton, they

form a framework of hard material, which affords attachment to the

soft parts, maintains them in their due position, and shelters such as are

of delicate structure, giving stability to the whole fabric, and pre-

serving its shape; and the ditferent pieces of the skeleton, being joined

moveably together, serve also as levers for executing the movements of

the body.

While substantially consisting of hard matter, bones in the living body
are covered with periosteum and fiUed with marrow ; they are also per-

vaded by blood-vessels for their nutrition.

Bone has a white colour, with a pink and slightly bluish tint in the

living body. Its hardness is well known, but it also possesses a certain

degree of toughness and elasticity ; the last property is peculiarly well

marked in the ribs. Its specific gTavity is from 1.87 to 1.97.

Chemical Composition.—Bone consists of an earthy and an animal

part, intimately combined together; the former gives hardness and
rigidity, the latter tenacity, to the osseous tissue.

The earthy part may be obtained separate by calcination. Wiier>

bones are burned in an open fire, they first become quite black, like a

piece of burnt wood, fi'om the charring of their animal matter ; but if

the fire be continued with fi'ee access of air, this matter is entirely

consumed, and they are reduced to a white, brittle, chalk-like substance^

still preserving their original shape, but mth the loss of about a third

of their weight. The earthy constituent, therefore, amounts to about
two-thirds of the weight of the bone. It consists principally of phos-

phate of lime, with about a fifth part of carbonate of lime, and much
smaller proportions of fluoride of calcium, chloride of sodium, and
magnesian salts.

The animal constituent may be fr-eed fi"om the earthy, ly steeping a
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bone in diluted hydrocliloric acid. By this process the salts of lime

are dissolved out, and a tough flexible substance remains, which, like

the earthy part, retains the perfect figure of the original bone in its

minutest details ; so that the two are evidently combined in the most

intimate manner. The animal part is often named the cartilage of

bone, but improperly, for it differs entirely from cartilage in structure,

as well as in physical properties and chemical nature. It is much softer

and much more flexible, and, by boiling, it is almost wholly resolved

into gelatin. It may accordingly be extracted from bones, in form of a

jelly, by boiling them for a considerable time, especially under high

pressure.

In the compact substance of a femur that had been long buried, Aeby found
only 16"5 per cent, of animal matter.

The fluoride of calcium is found in larger quantity in fossil than in recent

bones.

MINUTE STRUCTURE OF BONE.

On sawing up a bone, it will be seen that it is in some parts dense

and close in texture, appearing like ivoiy ; in others open and reticular

:

and anatomists accordingly distinguish two forms of osseous tissue, viz.,

the compact, and the spongy or cancellated. On closer examination,

however, especially with the aid of a magnifying glass, it will be found

that the bony matter is everywhere porous in a greater or less degree,

and that the difference between the two varieties of tissue depends on the

different amount of solid matter compared with the size and number of

the open spaces in each ; the ca\dties being very small in the compact
parts of the bone, with much dense matter between them ; whilst in the

cancellated texture the spaces are large, and the intervening bony
partitions thin and slender. There is, accordingly, no abrupt limit

between the two,—they pass into one another by degrees, the cavities of

the compact tissue widening out, and the reticulations of the cancellated

becoming closer as the}'' approach the parts where the transition betvreen

the two takes place.

In all bones, the part next the surface consists of compact substance,

which forms an outer shell or crust, whilst the spongy texture is con-

tained within. In a long bone, the large round ends are made up of

spongy tissue, with only a thin coating of compact substance ; in the

hoUoAV shaft, on the ofeher hand, the spongy texture is scanty, and the

sides are chiefly formed of compact bone, which increases in thickness

from the extremities towards the middle, at which point the girth of

the bone is least, and the strain on it greatest. In tabular bones, such

as those of the skull, the compact tissue forms two plates, or tables, as

they are called, inclosing between them the spongy texture, wliich in

such bones is usually named clipJoe. The short bones, like the ends of

the long, are spongy throughout, save at their surface, where there is a

thin crust of compact substance. In the complex or mixed bones, such
as the vertebras, the two substances have the same general relation to

each other ; but the relative amount of each in different parts, as well

as their special arrangement in particular instances, is very various.

On close inspection the cancellated texture of bone is seen to be formed
of slender bars or spicula and thin lamellEe, which meet together and
join in a reticular manner, producing an open structure which has
been compared to lattice-work (cancelU), and hence the name usually
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applied to it. In this way considerable strength is attained Avithout

undue weight, and it may usually be observed that the strongest laminae

run through the structure in those du-ections in which the bone has

naturally to sustain the greatest pressure. The open spaces or areola

of the bony network communicate freely together ; in the fresh state

they contain marrow or blood-vessels, and give support to these soft

parts.

Piff. 89.

Fig. 89.—A, Transvekse section of a bone (ulna) deprived of its bakth by
ACID (Sharpey).

The openings of tlie Haversian canals are seen. K'atiii-al size. A small jportion is

shaded to indicate the part magnified in Fig. B.

B, Part of the Section A, magnified 20 diameters.

The lines indicating the concentric lamellte are seen, and among them the lacuuaj

api^ear as little dark specks.

Haversian canals.—The compact tissue is also full of holes ; these,

which are very small, are best seen by breaking across the shaft of a

long bone near its middle and examining it with a common magnifying
glass. Numerous little round apertures (fig. 89 A) may then be seen

on the broken surface, which are the openings of short longitudinal

passages running in the compact substance, and named the Ilttversicm

canals, after Clopton Havers, an English physician and writer of the

seventeenth century, who more especially called attention to them.

Blood-vessels run in these canals, and the Avidest of them also contain

marrow. They are from x^o^li to y^oth of an inch in diameter : there

are some no more than a-oVo*^? ^'^^ these are rare ; the medium size is
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about -g^th. The widest are met with nearest the medullary cavity,

and the narrower towards the circumference of the bone. They are

quite short, as may be seen in a longitudinal section, oblique com-
munications connecting- them freely both longitudinally and laterally.

Those which are next the circumference of the bone, open by
minute pores on its external surface, and the innermost ones open
widely into the medullary cavity ; so that these short channels col-

lectively form a sort of irregular network of tubes running through

the compact tissue, in which the vessels of that tissue are lodged, and
through the medium of which these vessels communicate together, not

only along the length of the bone, but from its sm-face to the interior

through the thickness of the shaft. The canals of the compact tissue

in the other classes of bones have the same general characters, and for

the most part run parallel to the surface.

Lamellae.—On viewing a thin transverse section of a long bone with

a microscope of moderate power, especially after the earthy part has been
removed by acid (fig. 89 B; fig. 95), the opening of each Haversian canal

appears to be surrounded by a series of concentric rings. This appear-

ance is occasioned by the transverse sections of concentric lamelke which
surround the canals. The rings are not all complete, for here and there

one may be seen ending between two others. In some of the sets, the

rings are nearly circular, in others oval,—differences which seem mostly

to depend on the direction in which the canal happens to be cut : the

aperture too, may be in the centre, or more or less to one side, and in

the latter case the rings are usually narrower and closer together on the

side towards which the aperture deviates. Again, some of the apertures

are much lengthened or angular in shape, and the lamellas surrounding

them have a corresponding disposition. Besides the lamellas surrounding

the Haversian canals, there are others disposed conformably with the

circumference of the bone (fig. 89 B, a), most of these are near

the surface, but others run between the Haversian sets, by which
they are interrupted in many places (fig. 9.5). Lastly, in various parts of

the section, lines are seen which indicate lameUse, dififering in direction

from both of the above-mentioned orders.

The appearance in a longitudinal section of the bone is in harmony
with the account above given : the sections of the lamellae are seen as

straight and parallel lines, running in the longitudinal direction of the

bone, except when the section happens to have passed directly or slant-

ingly across a canal : for wherever this occurs there is seen, as in a
transverse section, a series of rings, generally oval and much lengthened

on account of the obliquity of the section.

The cancellated texture has essentially the same lamellar structure.

The slender bony walls of its little cavities or areolae are made up of

superimposed lamellje, like those of the Haversian canals, only they

have fewer lamellse in proportion to the AYidth of the cavities which
they surround ; and, indeed, the relative amount of solid matter and
open space constitutes, as already said, the only difTerence between
the two forms of bony tissue : the intimate structure of the solid sub-

stance and the manner of its disposition round the cavities being essen-

tially the same in both.

Lacunae and canalictili.—All over the section numerous little dark
specks are seen among the lamellte. These were named the " osseous

corpuscles
;

" but as it is now known that they are in reality minute



MINUTE STRTJCTUEE OF I30XE. 91

cavities existing in the bony substance, the name of lacvnte has since

been more fittingly applied to them. To see the lacunfe properly, how-
ever, sections of unsoftenecl bones must be prepared and ground very

thin, and a magnifying power of jfrom 200 to 300 must be employed.

Such a section, viewed with transmitted light, has the appearance repre-

sented in fig. 90. The openings of the Haversian canals are seen with

their encircling lamellfe, and among these the lacuna3, which are mostly

ranged in a corresponding order, appear as black or dark bro\^Ti and
nearly opaque oblong spots, with fine dark lines extending from them
and causing them to look not unlike little black insects. The dark
appearance is due to the fact that the little cavities have become filled

with air in the dry bone, and when the same section is seen against a

dark ground, with the light falling on it (as we usually view an opaque
object), the little bodies and lines appear quite white, like figures drawn
with chalk on a slate, and the intermediate substance, being transparent,

now appears dark.

Fiff. 90.

Fig. 90.

—

Transverse section of compact 'irssuE (of iiuherus) magnified about
loO diameters (Sharpey).

Three of the Haversian canals are seen, with their concentric rings ; also the lacnnre,

with the canaliculi extending from them across the direction of the lamelln?. The
Haversian apertures had become filled with debris in grinding down the section, and
therefore appear black in the figure, which represents the object as viewed with trans-

mitted light.

The lacunar, as already stated, are minute recesses in the bone, and
the lines extending from them are fine pores or tubes named canalicuM,

which issue from their cavity. The lacunse present some variety of
figure, but in such a section as that represented they for the most part
appear irregularly fusiform, and he nearly in the same direction as the
lameUjB between which they are situated ; or, to speak more correctly,

they are flattened and extended conformably with the lamellae ; for
when the bone is cut longitudinally, their sections still appear fasiform
and are still more lengthened out in the direction of the lamellaj.
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The canaliculi, on the other hand, pass across the lamellae, and they
communicate Avith those proceeding- from the next range of lacnna3, so

as to connect the little cavities Anth each other ; and thus since the

canaliculi of the most central range open into the Haversian canal, a

system of continuous passages is established by these minute tubes and
their lacunas, along which fluids may be conducted from the Haversian
canal through its series of surrounding lamellae ; indeed, it seems pro-

bable that a chief purpose of these minute passages is to alloAV nutrient

matter to be conveyed from the vascular Haversian canals through the

mass of hard bone which lies around and between them. In like manner
the canaliculi open into the great medullary canal, and into the cavities

of the cancellated texture ; for in the thin bony parietes of these cavities

lacunge are also contained ; they exist, indeed, in all parts of the bony
tissue. The canaliculi which radiate outwards from the lacuua; near the

periphery of the Haversian systems do not as a rule communicate with
those of the neighbouring Haversian system, but bend round and are

joined to one another.

Cells of bone.—As first shoAvn by Virchow, each lacuna is occupied

by a flattened nucleated cell, which sends branches along the canaliculi
;

and later observers (Rouget, Neumann,) have been able to detach the

Fig. 91. A BONE-CELL ISOLATED AND HIGHLY MAGNI-
FIED (after Joseph).

a, proper wall of the lacuna, shown at a part where
the corpuscle has shrunk away from it.

^v«snrc-(.»;"( ^i V
proper wall of the lacuna and its appertain-

7j ^^^^^^/J^^=^^~\ ing canaliculi after decalcification, and to

i f/^'/--/"'>N\ obtain it separate with its included corpuscle.

It can scarcely be doubted that the proto-

plasm of the nucleated corpuscle takes an
important share in the nutritive process in

bone, and very j^robably serves both to

modify the nutritive fluid supplied from the blood and to further its

distribution through the lacunar and canalicular system of the l)ony

tissue. Virchow showed that the corpuscles of bone are homologous
Avith those of connective tissue : to this it may be added that the enclosing

lacunae and canaliculi are to be looked upon as corresptonding to the

cell-spaces of that tissue.

Apertures and decussating fibres of the lamellse.^—With a little

pains, thin films may be peeled ofi' in a longitudinal direction from a

piece of bone that has been softened in acid. These for the most part

consist of scA'eral laniella3, as may be seen at the edge, where the ditferent

layers are usua'lly torn unequally, and some extend farther than others.

Examined in this AA^ay, under the microscope, the lamellre are seen to be

perforated AAith fine apertures placed at A^ery short distances apart. These

apertures Avere described by Deutsch ;* they appear to be the transverse

sections of the canaliculi already described, and their relatiA'c distance

and position accord sufiiciently Avith this explanation. According to this

view, therefore, the canalicuh might (in a certain sense) be concciA'ed to

result from the apposition of a series of perforated plates, the apertures

* De Penitiori Ossium Structura. Wratisl. 1834, p. 17, Fig. 6.
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of each plate corresponding to those of the plates contiguous with it ; or

they might be compared to holes bored to some depth in a straight

or crooked direction through the leaves of a book, in which case it is

plain that the perforations of the adjoining leaves would correspond ; it

being understood, however, that the passages thus formed are most likely

bounded by proper parietes. The apertures now referred to must be dis-

tinguished from larger holes seen in some lamellae, which give passage to

the perforating fibres to be mentioned further on.

But the lamelliB have a further structure. To see this, the thinliest

part of a detached shred or film must be examined, as shown in figs. 92
and 94 ; it will then appear plainly that they are largely made up of
transparent fibres, decussating Avith each other in the form of an
exceedingly fijie network. In the Haversian systems these decussating
fibres cj'oss one another in different lamellae at right angles (v. Ebnerj,
but in most other situations at more or less acute angles, and they are

united here and there by obliquely passing fibres, so that they cannot
be teased out from one another ; but at the torn edge of the lamella

they may often be seen separate for a little way, standing out like the

threads of a fringe. Most generally they are straight, as represented in

OFF FROM A SOFTENED
, MAGNIFYING POWER OF

Fig. 92.Fig. 92.

—

Thin later peeled
BONE, AS it appears UNDER .

400 DIAMETERS (Sharpey).

This figure, wliich is intended to represent tlie reticular

structure of a lamella, gives a better idea of the object

when held rather farther off than usual from the eye.

fig. 92 ; but they are not always so, for in some
parts they assume a curvilinear direction (fig. 94).

Acetic or hydrochloric acid causes these fibres to

swell up and become indistinct, like the white

fibres of connective tissue; care must therefore

be taken in their examination that the remains

of the decalcifying acid be removed from the

tissue, by maceration in water or in solutions of

certain salts. Moreover, the fibro-reticular

structure is not equally distinct in all parts ; for in some places it is

less decidedly marked, as if the fibrillation were incompletely developed.

The decussating fibres which, constitute the lamella "were discovered by Sharpey,

and their constant presence was taught by him for a long time before they were
admitted by other histologists. It has lately been shown by v. Ebner that the

decussating fibres of Sharpey are in reality themselves composed of exquisitely

fine fibrils, so that they correspond with bundles of white connective tissue fibres

rather than with, single fibres. Like the connective tissue fibrils these of the bone
are doubly refracting, and they are said not to be calcified, the deposit of

calcareous matter being confined to the matrix in wMch they are embedded. They
appear to be united into the lamellse by a matrix or ground-substance, and accord-

ing to v. Ebner take different directions in successive lamellfe, so as to produce

a granular or a striated appearance according as they happen to be cut trans-

versely or longitudinally (fig. 93).

In thin sections of bone, the concentric lines or rather bands which represent

the cut edges of the lamellae show the section of the decussating fibres as round
or angular dots, themselves punctated, which lie embedded in the homogeneous
ground-substance (fig. 93, i). The lamellse are separated from one another by
the lacunae which lie between them, where these are absent they are joined
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together by the gi'ound-substaiice ; they may also be united by occasional bundles
of fibres passing obliquely from one lamella to the other.

Fig. 93. Fig. 93.

—

Small part op a longi-
tudinal SECTION OF DECALCIFIED
TIBIA. Highly magnified (after

V. Ebner).

a, series of six lamellaj which are

cut for the most part in the directioE of

the fibrils, so that they appear longi-

tudinally striated ; b, b, lamellffi, the
fibrils of which are cut across ; the
arrangement of the fibrils into bundles

is indicated. Two or three lacunae are seen lying between the lamellte, their canaliculi

piercing the lamelios.

Perforating fibres.—It was further shown by Sharpey that in

many instances the lamellse are perforated by fibres, which pass

through them in a perpendicular, or obhque direction, and, as it

were, bolt them together. These perforating fibres may be seen, with

the aid of the microscope, in a thin transverse slice of a decalcified

cylindrical or cranial bone, on pulling asunder the sections of the

lamellae (as in fig. 96). In this way some lamella! will generally

be observed with fibrous processes attached to them (fig. 90, If) of

various lengths, and usually tapering and pointed at their free ex-

tremities, but sometimes truncated—probably from having been

divided by the knife. These fibres have obviously been drawn
out from the adjacent lamellse, through several of which they must
have penetrated. Sometimes, indeed, indications of perforations may
be recognised in the part of the section of bone from which the

Fig. 94.

..u'tS-'^^-"^^^'^'^^^^^^'^^^^^ a"'
.^...Jt'

Fig. 94.

—

Lajiell-e torn off from a decalcified human parietal bone at some

DEPTH from the SURFACE (Sharpey).

a, lamellaj, showing decussating fibres ; h, h, thicker part, where several lamelhe are

superposed ; c, c, perforating fibres. Apertures through which perforating fibres had

passed, are seen especially in the lower part, a, a, of the figure. Magnitude as seen

under a power of 200, but not drawn to a scale (from a drawing by Allen Thomson).



MINUTE STEUCTUEE OF BONE. 95

fibres have been pulled out (fig. 96, c). The processes in question are

thus, so to speak, viewed in profile ; but they may frequently also be
seen on the flat surface of detached lameUte (fig. 94), projecting like

nails driven perpendicularly.

The perforating fibres are, like the decussating fibres, for the most
part bundles of fibrils which agree in character with those of the
white fibrous tissue ; but some, as shown by H. Miiller, are of the nature
of elastic tissue (fig. 95, e). In some parts tliev escape calcification,

Fiff. 95.

S-^

Fig. 95.

—

Transverse section of decalcified human tibia, from near the
SURFACE OP THE SHAFT (E. A. S.)-

H, H, Haversian canals, with tlieir systems of concentric lamellce ; in all the rest of

the figure the lamella are circumferential.

s, ordinary perforating fibres of Sharpey; e, e, elastic j)erforating fibres. Drawn tiucler

a power of about 150 diameters.

and thus, as they shrink in drying, leave tubes or channels in the dry
bone, generally leading from the surface inwardly ; but these uncalcified

fibres are by no means fi'equent. The perforating fibres are often con-

nected with the periosteum, as is the case with most of those which
penetrate the external table of the cranial bones ; but in cross sections

of cylindrical bones they often appear to spring with their broad
ends from the deeper lamellas (with the fibres of w^hich they may
be directly continuous), and especially from those near the circumference

of a Haversian system, and taper outwards into fine points, which do
not reach the periosteum (fig. 95) ; although without doubt they must,
like the bony layers in w^hich they occur, have been formed by sub-
periosteal ossification. They are rarely if ever found in the concentric
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systems of Hayersian lamellfe. Perforating fibres exist abundantly in

the crusta i^etrosa of the teeth (Sharpey).

Where tendons or ligaments are inserted into bone, the fibre-bundles
of the tendon are continued into the bone as perforating fibres, so that
the attachment of tendon to bone is thus rendered very intimate. Some
of the bundles of white fibres of the periosteum may also, as above
mentioned, pass into the bone as perforating fibres, and the same is the
case with the elastic fibres.

Fig. 96.

Fio 96.

—

Magnified tiew of a perpendicular section through the
TABLE OF A HUMAN PARIETAL BONE, DECALCIFIED (H. Mullcr).

At a, perforating fibres in their natural sitnation ; at 5, others drawn out by separation

of the lamellfe ; at c, the holes or sockets out of which they have been drawn (H. Miiller).

The animal basis of bone is made np essentially, as we have seen, of lamellce

composed of fine decussating or reticular fibril-bundles embedded in a ground-sub-

stance ; but interposed among these lamellce, layers are here and there met with of

a different character, having a granular aspect, with the lacunse very conspicuous

and regularly arranged, and sometimes appearing as if surrounded by faintly

defined areolte. These generally incomplete layers are often bounded by a scal-

loped border, as if made up of confiuent round or oval bodies ; this is indicated

also by the occasional occurrence of oval or flattened spheroidal bodies singly or

in small groups near the border of the layers, each with a lacuna in the centre.

In some parts the granular substance is obscurely fibrous, and transitions may
be observed to the well-marked reticular laminse. The layers described appear

principally to occur near the surface of the compact tissue, and at the circum-

ference of many of the systems of concentric Haversian lamellae.

Irregular layei's of rounded bodies, apparently solid and without central cavity,

are also sometimes seen, and are well represented in figure 97. These layers are

met with chiefly near the surface of the shaft of long bones, lying among the

circumferential laminas. and apparently forming only part of a cii'cuit. They can
occasionally be recognised in a transverse section as short curvilinear bands of

peculiar aspect, broader in the middle and thinning away at the ends, appearing-

here and there between the cut edges of two ordinaiy circumferential laminse.

Finally, spaces are occasionally seen in a section of bone, Avhich are charac-

terized by an eroded outline, but in some cases they may be partially filled up by
concentric lamellaj. These were named " Haversian spaces " by Tomes and de
Morgan, and they are interpolated or intruded amongst the regular Haversian
systems, some of which may have been cut in upon in the excavation of the
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space. It was further noticed by Tomes and de Morgan that the spaces in question

may sometimes be seen being filled up at one part by the deposition of lamellee,

whilst they are extending themselves by absorption at another. The Haversian

spaces are most numerous in young and growing bones, but they occur also after

growth is completed.

The three appearances above mentioned are due to the peculiar manner in which

the absorption of bone occurs ; for it is efEected, as will presently be described, by

Fig. 97

V-

Fig. 97.

—

Portion of -a nodulated later of bone-tissue from near the surface
OF THE SHAFT OF A DECALCIFIED HUMERUS (Sharpsy).

At one side shreds of fibrous lamellEe are seen in the figure. Magnified 300 diameters.

From a drawing by Allen Thomson.

the agency of large multinucleated cells, which excavate little hemispherical pits

in the osseous tissue. If the process of absorption should cease and should be
succeeded by a re-deposition of osseous substance, the new osseous matter filling

up the hollows of the absorbed surface exhibits, when it is detached, a raised

impression corresponding with the hollows into which it fitted.

In young bones the lamellar character is far less distinct than in adult bones,

the tissue being constituted chiefly of bundles of fibres which interlace in every
direction in the ground substance ; in this reticular form of osseous tissue the
lacunas are both more numerous and irregular than in lamellated bone.

When, as is often the case, tendons become ossified, little but a calcification of

the ground substance of the tendon occurs, so that, after decalcifying, the ten-

dinous structure again becomes manifest.

VOL. II. H
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The exact knowledge we possess of the minute structure of osseous tissue is

largely the result of the careful and laborious research of the late Professor
Sharpey, whose account, published in the fifth edition of this work in 1845, has
needed no erasure, and but little addition, even to the present day. His labours
in this field have been to a certain extent recognized in the adoption of the
name " fibres of Sharpey " for the perforating fibres discovered by him, but
it is only now, after the lapse of many years, that the facts which he demon-
strated are becoming understood and their significance appreciated by histologists.

a?HB PERIOSTEUM.

The periosteum, as already stated, is a fibrous membrane which
covers the bones externally. It adheres to them very firmly, and invests

every part of their surface, except where they are covered with cartilage.

It is composed of two layers ; the outer, consisting chiefly of white

fibres, and containing occasional fat-cells, is the means of supporting

numerous blood-vessels destined for the bone, which ramify in the mem-
brane, and at length send their minute branches into the Haversian
canals of the compact substance, accompanied by processes of filamentous

tissue derived from, or at least continuous with, the periosteum. The
inner layer is largely made up of elastic fibres, frequently in several dis-

tinct strata. Between it, however, and the proper osseous tissue there is

a fibrous stratum containing in the young bone a number of granular cor-

puscles (osteoblasts), while in the adult bone these have become flattened

out into an epithelioid layer covering the osseous substance, and are in

many places separated by a clefb-like space (serving probably for the

passage of lymph) from the rest of the periosteum (Schwalbe).

By treating the membrane with nitrate of silver, lymphatics are dis-

covered in it accompanying the blood-vessels in the outer layer ; and, as

in other aponeurotic structures, extensive epithelioid markings, covering

a great part of the surface, are brought into view.

Fine nerves spread out in the periosteum ; they are chiefly associated

with the arteries, and for the most part destined for the subjacent bone
;

but some are for the membrane itself, and some of these end in Pacinian

corpuscles.

The chief use of the periosteum is to support the vessels going to the

bone, and afford them a bed in which they may subdivide into fine

branches, and so enter the dense tissue at numerous points. Hence,
when the periosteum is stripped off at any part, there is great risk that

the denuded portion of the bone will die and exfoliate. The periosteum

also contributes to give firmer hold to the tendons and ligaments where
they are fixed to bones. Its relation to the growth and renewal of

bone wiU be referred to later on.

THE MAEROW.

The marrow {medulla ossium) is lodged in the interior of the bones ;

it fills up the hollow shaft of long bones and occupies the cavities of

the cancellated structure ; it extends also into the Haversian canals

—

at least into the larger ones—along with the vessels. A fine layer of a

highly vascular areolar tissue lines the medullary canal, as well as the

smaller cavities Avhich contain marrow ; this has been named the

medullary membrane, internal periosteum, or endosteum ; but it cannot

be detached as a continuous membrane. Its vessels partly supply the

contiguous osseous substance, and partly proceed to the clusters of adipose
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vesicles, among wMcli there is but very little connective tissue, in conse-

quence perhaps of their being contained and supported by bone.

The marrow difi'ers considerably in different situations. Within the

shaft of the long bones it is of the character of ordinary adipose tissue,

but the fat-cells are supported by a kind of retiform tissue, and between
them elements occur similar to those immediately to be mentioned in the

red marrow. In short bones, and in the cancellated ends of long bones,

but esj)ecially in the cranial diploe, the bodies of the vertebrae, the

sternum, and the ribs, the marrow is red or reddish in colour, of more fluid

consistence, and with very few fat-cells. While, however, the fat-cells are

scanty in the red-coloured maiTow, itcontains numerous roundish nucleated

cells—the proper marroiv-cells ofKoUiker (fig. 98, e—i). These in general

appearance resemble the pale corpuscles of the blood, but are larger, with
a clearer protoplasm and a relatively larger nucleus. Like the pale cor-

puscles, they exhibit amoeboid movements. Amongst them are smaller

cells which present a reddish colour, and resemble in aj^pearance the

primitiTO nucleated corpuscles of the embryo (fig. 98, y

—

t) ; these are the

cells which have been described as representing transitional forms between
the proper marrow-cells and red blood-disks (vide ante, p. 37).

Fig. 98.

Fig. 98.

—

Cells op the red maeeo-w of the guinea-pig. Highly magnified.

(E. A. S.)

a, a large cell the micleus of whicli appears to be partly divifled into three by constric-

tions ; h, a cell the enlarged nucleus of -which shows an appearance of being constricted

into a number of smaller nuclei ; c, a so-called giant-cell or myeloplaxe with many
nuclei ; d, a smaller myeloplaxe with three nuclei ; e

—

i, proper cells of the marrow

;

i
—t, various forms of coloured nucleated cells.

Other cells have occasionally been noticed containing one or more red

corpuscles in their interior : whether these have been developed in situ

in a manner similar to that previously described in connective tissue

corpuscles of the young animal, or have been taken into the interior of
an amoeboid cell, there to be transformed into pigment granules, is not
certainly known. Cells containing reddish pigment gi'anules are, how-
ever, not uncommon. There further occur in the marrow, especially in
the neighbourhood of the osseous substance, large multi-nucleated proto-

H 2
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plasmic masses {myeloplaxes, Robin (fig. 98, a— cT)), which, as pointed
out by Kolliker, appear to be more especially concei-ned with the process

of absor[3tion of bone, under which head they will subsequently be further

alluded to. The myeloplaxes vary much in size, but are always larger

than the proper marrow-cells. Their nucleus is not always multii^le, but
when single it is usually enlarged, and presents indications of division

(fig. 98, a) ; it may even be so constricted as to exhibit an irregularly

moniliform appearance (fig. 98, l).

THE BLOOD-VESSELS AND LYMPHATICS OF BONE

Blood-vessels.—The bones are well supplied with blood-vessels. A
network of periosteal vessels covers tlieir outer sm'face ; fiue vessels

run from this through all parts of the compact tissue in the Haversian

canals ; others penetrate to the cavities of the spongy part, in which they

ramify ; and a considerable artery goes to the marrow in the central part

of the bone. In the long bones this medullary artenj, often, but impro-

perly, called " the nutritious artery," passes into the medullary canal, near

the middle of the shaft, by a hole running obliquely through the compact
substance. The vessel, which is accompanied by one or two veins, then

sends branches upwards and downwards to the marrow and medullarymem-
brane in the central cavity and the adjoining Haversian canals ; from
these branches capillaries pass radially towards the periphery. The
comparatively narrow arterial capillaries pass suddenly into the wide
venous ones^ so that the current of blood must be considerably retarded

both in these and in the large thin-walled veins.

The ramifications of the medullary artery anastomose with the arteries

of the compact and cancellated structure ; indeed, there is a free com-
munication between the finest branches of all the vessels which proceed

to the bone, and there is no strictly defined limit between the parts

Fig. 99.

—

Section op a Haversian canal,
SHOWING ITS CONTENTS. HiGHLY MAGNIFIED.
(E.A.S.)

a, small arterial capillary vessel ; v, large

venous capillary ; n, pale nerve-fibres cut across
;

I, cleft-like lymphatic vessel : one of the cells

forming its wall communicates hy fine branches
with the branches of a bone-corpuscle. The
substance in whicli the vessels run is connective

tissue with ramified cells ; its finely granular

appearance is probably due to the cross section

of fine fibrils.

supplied by each. In the thigh bone
there are frequently two medullary
arteries entering at different points.

Most of the Haversian canals contain
two small blood-vessels, arterial and venous (fig. 99), together with a
small amount of delicate connective tissue containing branched cells

which are flattened close to the bone, and communicate by their branches
with the ramifications of the bone-corpuscles.

The veins of the cancellated texture are peculiar and deserve special notice.
Their arrang-ement is best known in the bones of the skull, where, being lodged
in the diploe or spongy texture between the outer and inner compact tables,

they have received the name of the diploic veins. They are large and numerous,
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and run separately from the arteries in canals formed in the cancellated structure,

the sides of which are constructed of a thin lamella of bone, perforated here and
there for the admission of branches from the adjoining cancelli. Being thus

inclosed and supported by the hard structure, the veins have exceedingly thin

coats. They issue from the bone by special apertures of large size. A similar

arrangement is seen in the bodies of the vertebrse, from whence the veins come
out by large openings on the posterior surface. In the long bones numerous
apertures may be seen at the ends, near the articular surfaces ; some of these

give passage to arteries, but the greater number, as well as the larger of them, are

for the veins of the cancellated texture, which run separately from the arteries.

According to Hoyer and Rindfleisch the venous capillaries and veins of the red

marrow have incomplete walls, or rather are channels bounded only by the

medullary parenchyma, so that the blood-corpuscles which are being formed from
Inarrow-cells can readily get into the circulation, Langer, on the other hand,

found the vascular system of the marrow to be a closed one. That the channels

in which the blood flows are bounded by elongated cells, similar to those of capil-

laries in other situations, it is easy, Eindfleisch notwithstanding, to see, but' at the

same time it must be admitted that the extreme ease with which these cells

separate from one another betokens the lack of a complete union between them,
and a greatly increased permeability of the vascular wall in consequence.

The blood coming from the marrow possesses a large number of pale corpuscles,

as well as nucleated red corpuscles.

Lymphatics.—In addition to the lymphatics in the periosteum

(which have akeady been mentioned), there are others in the Haversian
canals accompanying the vessels (fig. 98, /), and often partially or wholly

enclosing them (perivascular). The lymph or plasma of the blood is

enabled to penetrate the hard bony substance by means of the lacuna3

and communicating canahculi, which appear to bear the same relation

to the lymphatics as do the cell-spaces of ordinary connective tissue

to the lymphatics of that tissue.

The fine nerves which may be seen entering the bones along with

the arteries are probably chiefly destined for those vessels ; it is not
known whether any end in the bony tissue itself.

As far as can be judged from observations on man and experiments

on the lower animals, the bones, as well as their investing periosteum,

tire scarcely if at all sensible in the healthy condition, although they are

painfully so when inflamed.

FORMATION AND GROWTH OF BONE.

The foundation of the skeleton is laid at a very early period ; for,

among the parts that appear soonest in the embryo, we distinguish the

rudiments of the vertebrae and base of the skull, which afterwards form
the great median column to which the other parts of the bony fabric are

appended. But it is by their outward form and situation only, that the

parts representing the future bones are then to be recognised; for at

that early period they do not differ materially in substance from the

other structures of the embryo, being made up of mesodermic cells, with
a small amount of intercellular substance. Very soon, however, they

become cartilaginous, and ossification in due time beginning in the
cartilage and continuing to spread from one or from several points, the

bony tissue becomes gradually formed.

But, while it is true with respect to the bones generally that their

ossification commences in cartilage, it is not so in every instance. The
tabular bones forming the roof of the skull may be adduced as a decided
example to the contrary ; in these the ossification goes on in connective
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tissue altogether unconnected with any cartilage ; and even in the long

bones, in which ossification undoubtedly commences and to a certain

extent proceeds in cartilage, it will be afterwards shown that there is

much less of the increment of the bone really owing to that mode of ossifi-

cation than was at one time generally believed. It is necessary, therefore,

to distinguish two species or modes of ossification, which for the sake of

brevity may be called the wtramemhranous and the intracartilaginous.

INTRAMEMBEANOUS OSSIPICAa?ION : OSSIFICATION IN
CONNECTIVE TISSUE.

The tabular bones of the cranium, as already said, aSbrd an example
of this mode of ossification. The base of the skull in the embryo is

cartilaginous ; but in the roof, that is to say, the part comprehending
the parietal, the frontal, and a certain portion of the occipital bones,

we find (except where there happen to be commencing muscular fibres)

only the integuments, the dura mater, and an intermediate layer, in

which the ossification proceeds.

The commencing ossification of the parietal bone, which may be
selected as an example, appears to the naked eye in the form of a network
in which the little bars or spicula of bone run in various directions, and
meet each other at short distances. By-and-by the ossified part, be-

coming extended, gets thicker and closer in texture, especially towards

the centre, and the larger bony spicula which now appear, run out in

Fig. 100. Fig, 100.

—

Parietal bone op an
EMBRYO SHEEP. SiZE OF THE EM-

BRYO, 2^ INCHES. (Sharpey.)

Ihe small upper figure represents

the bone of tlie natural size, tlie

larger figure is magnified about 12

diameters. The curved line, a, b,

marks tlie height to which the sub-

jacent cartilaginous lamella extended.

A few insulated particles of bone are

seen near the circumference, an ap-

pearance which is quite common at

this stage.

radiating lines to the circum-

ference. The ossification con-

tinues thus to spread and
consolidate until the parietal

meets the neighbouring bones,

with which it is at length

united by sutures.

Fig. 100 represents the

parietal bone of an embryo
sheep about two inches and a

half long, and shows the cha-

racter of the ossification as it

aj^pears when the object is

magnified about twelve dia-

meters. The bone is formed in

membrane as in the human foetus, but a thin plate ofcartilage rises up on its

inside from the base of the skull. The ossification, however, is decidedly un-

connected with the cartilage, and goes on in a membrane lying outside of it.
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When further examined with a higher magnifying power, the tissue

or membrane in which the ossification is proceeding, appears to be made
up of fibres and granular corpuscles, with a ground substance between,

and, in point of structure, may not unaptly be compared to connective

tissue in a certain stage of development. The corpuscles are large and
angular, and they are densely packed all over the area of ossification,

covering the bony spicula, and filling up their interstices.

On observing more closely the points of the growing osseous rays at

the circumference of the bone, where they shoot out into the soft tissue,

it will be seen that the portion of them already calcified is granular and
rather dark in appearance (fig. 101), but that this character is gradually

Fig. 101.

Fig. 101.

—

Part of the developing parietal bone of a fcetal cat (IJ inch long).

(From drawings by Mr. J. Lawrence.) (E.A.S.)

A, a piece of the growing edge slightly magnified, showing the bony spicules terminated

by bunches of osteogenic fibres ; a, an isolated bony sj)icule united to the main part of

the ossification by a bundle of osteogenic fibres.

B, the part marked h of the smaller figure, highly magnified ; sp, bony spicules, with

some of the osteoblasts imbedded in them, producing the lacunze ; ost, osteoblasts partly

imbedded in the newly formed bone ; of, osteogenic fibres prolonging the spicules, with
osteoblasts between them and applied to them ; a, granules of calcareous deposit between
the osteogenic fibres ; at & the granules have become blended, and the matrix is clearer

;

at c a continuity is established between the two adjacent spicules.

lost as they are traced further outwards in the membrane, in which they

are prolonged for a little way in form of soft and phant bundles of trans-

parent fibres (fig. 101, B, of).

These are termed osteogenic fibres, the soft transparent matter of which
they are composed being known as osteogenic substance, or simply as

osteogen. They exhibit faint fibrillation, and have been compared to

bundles of white connective tissue fibres, with which, in some situations.
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they appear to be continuous (Gegenbaur). But although similar in

chemical composition, they are somewhat different from these in appear-
ance, having a stifier aspect and straighter course, besides being less

distinctly fibrillated. The fibres become calcified by the deposition

within them of earthy salts in the form of minute globules, which pro-

duce a darkish granular opacity, until the interstices between the globules

also become calcified, and the minute globules becoming thus fused
together, the new bone again looks comparatively clear (fig. 101, B, b).

As already stated the fibrils themselves are not calcified, but the calcification

affects the portion of matrix which unites them into the osteogenic fibres, so that

these may be described as being calcified.

The bundles of osteogenic fibres which prolong the bony spicules

generally spread out from the end of each spicule so as to come in con-
tact with those from adjacent spicules. When this happens, the inner-

most or proximal fibres frequently grow together (fig. 101, B, c), whilst

the other fibres partially intercross as they grow ftirther into the mem-
brane. The ossific process extends into the osteogenic fibres pari passu
with their growth, and thus new bony spicules become continually

formed by calcification of the groups or bundles of osteogenic fibres.

The earthy deposit not only involves the osteogenic fibres, but also

the ground-substance of the tissue in which they lie. It occasionally

appears in an isolated patch here and there on some of the osteogenic

fibres in advance of the main area of ossification (see fig. 101, A, a).

The osteogenic fibres become comparatively indistinct as they and the

substance between them calcifies ; they appear, however, to persist in

the form of decussating fibres, such as are seen in the adult bone,

although in the embryonic bone their disposition is less lamellated, the

bony matter having a somewhat coarsely reticular structure.

In this way the first bony matter becomes formed as a perforated plate

or network of osseous spicules, which, whilst becoming extended peri-

pherally in the way above described, gradually becomes thicker nearer the

centre, partly by the deposit of bony matter upon its surfaces, partly by
the projection from them of bony spicules which are prolonged like those

at the periphery by similar systems of osteogenic fibres. The perforations

in these first-formed bony plates correspond to the bays which were seen

between the advancing spicules, and to the meshes of the bony network
formed afterwards by the junction of the spicules, and as the bone thickens

they become enclosed and converted into reticulating interstices (like

the canals of a sponge), which are occupied by blood-vessels, and by the

corpuscles before mentioned. These corpuscles also everywhere cover

the osteogenic fibres, to which their flattened sides are often applied

(Fig. 101, B, ost). Where the osteogenic fibres diverge from one another,

the intervals are occupied by the same cells. It is probable that the

osteogenic substance is formed by the agency of the cells in question,

hence the name "osteoblasts" was assigned to them by Gegenbaur,

Some of the osteoblasts are involved in the ossifying matrix, and remain

as the corpuscles of the future bone, the spaces enclosing them being

the lacunae. It is supposed that the canaliculi, which are at first short,

are afterwards extended by absorption, so as to anastomose with thosa

of neighbouring lacunce.

It is believed by many histologists that the fibrillated gi'ound-substance of bone

is formed not outside the cells in an intercellular substance, but by a direct
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conversion of the protoplasm of some of the osteoblasts into bony tissue. If this

were the case, there ought to be some indication in the formed osseous substance

of the cell-areas of which it was made up, but nothing of the kind has been

shown to exist. There should moreover often be observed osteoblasts which
are only partly converted into bony substance, but this has also never been
described. And if as some suppose, the peripheral part of each osteoblast

becomes converted iato osseous substance, while the central part and nucleus

remain as the corpuscle within a lacuna, the osteoblasts would have to be

originally far larger than the permanent lacunse, which is certainly not the

case. The view in question is similar to that which supposes ordinary connective

tissue to have a like origin, and appears to rest more upon theory than on actual

observation of the stages of the developmental process.

Meanwhile, the meshes of the bony network, which were occupied as

we have seen by one or more blood-vessels, and by numerous osteoblasts,

become diminished in extent, and their walls, which were formed by the

original trabeculse, at the same time increased in thickness by the deposit

upon them of irregular bony layers, some of the osteoblasts remaining

between the layers, and forming the corpuscles and lacunae as before.

The interstices of the bony spongework thus become gradually con-

verted into narrow channels in the osseous substance, containing one

or more blood-vessels surrounded by osteoblasts.

At a later stage the increase in thickness takes place by successive depositions

of bony lamellse, under the periosteum, a concentric deposition occurring at the

same time on the walls of the vascular channels. But since the growth in

thickness of a membrane-bone takes place in exactly the same manner as that of

one of the long bones, which will be fully described in a subsequent page, the

reader is referred to the account of the process there given.

It may be observed that the appearance of the ossifying membrane-bone in the

shape of a network of trabeculas seems to be determined by the pre-existence of

a vascular network in the embryonic tissue. The new bone everywhere makes its

appearance in the spots which are furthest from the vessels, and the bony net-

work everywhere alternates with the vascular network. At the edges of the

advancing bone the spicules which prolong it pass between, and avoid the

capUlary blood-vessels, which are thus left in the bays between the spicules :

the divergent bunches of osteogenic fibres which prolong the adjacent spicules

complete the enclosure of the blood-vessel.

After a time the membrane-bone extends so as almost to come into contact

with the neighbouring bones. But as long as growth continues, there always
remains in the situation occupied afterwards by the sutures a vascular connective

tissue with numerous osteoblasts. This is continually on the increase, but as fast

as it grows, the osteogenic fibres and the osseous spicules extend into it from the

young bones on either side. At length, however, when these have attained their

full dimensions, the growth of the intermediate tissue ceases, and it becomes
comiDletely invaded by the bone on either side, with the exception of the narrow
and irregular line of suture, which may eventually itself become more or

less obliterated.

OSSIFICATION IN CAETILAGB.*

It has already been stated that, in by far the greater number of bones

the mesodermic tissue with closely packed cells, of which they originally

consist, is very quickly succeeded by cartilage, in which the ossification

* Different varieties of ossification in connection with cartilage are met with in the

Vertebrata, and these are distinguished by comparative morphologists by special names.

Thus when the calcareous deposit occurs immediately outside the perichondrium it is

termed ^arosiosis; immediately under the perichondrium, and eating into the cartilage,

ectostosis ; within the substance of the cartilage-matrix, endostosis, which again may be

either superficial, or central (Parker & Bettany, Morphology of the Skull).
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begins. One of the long bones taken from a very small embryo, jnst before

ossification has commenced in it, is observed to be distinctly cartilaginous.

In the tibia of a sheep, for example, at a time when the whole embryo is

Fiff. 103.

Fi^. 102.

Fig. 102.

—

Humerus of a
FCETUS, NATURAL SIZE.

(Sharpey.

)

The upper half is divided

longitudinally, a, cartilage,

b, line of junction of bone
and cartilage. The perios-

teal bone looks lighter than
the endochondral bone pro-

per.

Fig. 103.

—

Section of phalangeal bone of human ketus, at the time of com-
mencing OSSIFICATION. From a preparation by Mr. F. A. Dixey. Magnified about

75 diameters. (E.A.S.)

The cartilage cqjls in the centre are enlarged and sepai'ated from one another by dark-

looking calcified matrix ; im, layer of bone deposited underneath the periosteum
;

o, layer of osteoblasts by which this layer has been formed. Some of the osteoblasts arc

already embedded in the new bone as lacunre. The cartilage-cells are becoming en-

larged and flattened and arranged in rows above and below the calcified centre. At
the ends of the caa-tilage the cells are small and the groups are iiTegularly arranged ; the

fibrous periosteum is not sharply marked off from the cartilage.

not more than an inch and a quarter in length, we can plainly see that

the substance consists of cartilage-cells imbedded in a pellucid matrix.

These cells can scarcely be said to be collected into groups, and are

very irregular in size and shape. They become enlarged in the middle
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part of the shaft when ossification is about to commence. As it grows, the

cartilage acquires firmer consistence ; it represents in figure the future

bone, though of course much smaller in size, and it is surrounded

with a fibrous membrane, the future periosteum. Vessels ramify in

this membrane, but none are seen in the cartilage until ossification is

about to begin. In a long bone the ossification commences in the

middle and proceeds towards the ends, which remain long cartilaginous,

as represented in fig. 102. Much later, separate points of ossification

appear in them, and form epiphyses, which at last are joined to the body

of the bone.

The manner in which the process of ossification of a cartilage bone

takes place is as follows :—
In the middle of the cartilage the cells are enlarged, and are separated

from one another by a relatively larger amount of matrix than elsewhere

(fig. 103). This matrix becomes hardened by calcareous deposit, assumes

a granular opaque appearance, and ha55 a gritty feel to the knife.

Meanwhile the cartilage-cells above and below the centre of ossification

become enlarged and flattened, and piled up in elongated groups or

columns which radiate from the centre for a certain distance towards

either end. The columns taper towards their ends, where the cartilage-

ceUs which compose them are smaller. Into the matrix between these

oblong groups the calcareous deposit extends between and around

the groups of ceUs, so that the calcified substance encloses the columns
;

the cell-spaces in the calcified matrix which are still occupied by the

cartilage-cells, either singly or in elongated groups, being termed the

primary arcolce (Sharpey). Simultaneously with this deposit in the

cartilage-matrix, a layer of osseous substance (fig. 103, im) is becoming
formed on the outside of the cartilage underneath the periosteum.

This last is a vascular membrane, containing numerous osteoblasts (o),

which are chiefly collected on the inner surface next to the carti-

lage, and it is by their agency that the bony layer on the surface

of the cartilage is formed and becomes increased both in thickness and
length. The bony layer, when viewed on the surface, shows the usual

component fibres of bony lamellse, and as other layers are deposited upon
it lacunge become formed between them by the inclusion of some of the

osteoblasts. In this first stage of ossification, we see therefore two pro-

cesses going on, a deposit of earthy matter in the matrix of the cartilage,

the cells of which assume a highly characteristic arrangement, and a

deposition of true -membrane-bone, underneath the perichondrium, and
closely investing the surface of the cartilage.

What next happens is an irruption of the subperiosteal vascular

and osteoblastic tissue into the middle of the cartilage, one or more
apertures being excavated by absorption in the newly deposited

osseous lamella and the tissue in question passing through these and
burrowing into the cartilage (fig. 104, ir). Here it absorbs

a gTeat part of the calcified matrix, and by demolishing in this

way parts of the walls of the primary areolse, forms larger spaces

(the secondary areolcB of Sharpey, the medullary spaces of H. Miiller)

which are filled by embryonic marrow, consisting of ramified cells and
osteoblasts, the cartilage-ceUs which occupied the primary areola3 dis-

appearing before it. All the middle of the calcified temporary cartilage

becomes thus excavated with large spaces and replaced by the vasculn.r

osteoblastic tissue. As the calcification of the cartilage-matrix extends
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towards the ends of the shaft, proceeding ahA'^ays in the same manner,
the osteoblastic tissue closely follows, and after supplanting the cartilage-

cells in the primary areolfe, absorbs parts of their walls so as to throw
two or more together to form secondary areolge ; in this way a gi*eat

part of the j)rimary bone (or calcified cartilage-matrix) is at once

removed.

¥k. 104.
Fig. 104.

—

Section of part
OF ONE OP THE LIMB BONES
OF A FCETAL CAT, AT A MORE
ADVANCED STAGE OF OSSIFI-

CATION THAN IS REPRE-
SENTED IN FIG. 103, AND
SOMEWHAT MORE HIGHLY
MAGNIFIED. (Drav/ii by Mr.

J. Lawrence.) (E.A.S.)

The calcification of tlie carti-

lage matrix has advanced from

the centre, and is extending

between the groups of cartilage

cells which are now arranged

in characteristic rows. The
subperiosteal bony deposit {im)

has extended pari passu, with

the calcification of the cartilage-

matrix. The cartilage-cells in

the primary areolse are mostly

shrunken and stellate, in some
cases they have dropped out of

the space. At ir and in two
other places an irruption of the

subperiosteal tissue, composed
of ramified cells with osteo-

blasts and growing blood-

vessels, has penetrated the

subperiosteal bony crust, and
has begun to excavate the se-

condary areolae or medullary
spaces

; p, fibrous layer of the

periosteum ; o, layer of osteo-

blasts, some of them are em-
bedded in the osseous layer as

bone corpuscles in lacunce ; hi,

blood-vessels occupied by blood-

corpuscles. B, beyond the line

of ossific advance the periosteum

may be noticed to be distinctly

incurved. This incurvation is

gradually moved on, the cartil-

age expanding behind it until

the head of the bone is reached,

when it forms the periosteal

notch or groove represented in

fig. 105, p.

At a short distance below the advancing ossification, the medullary

spaces become at first somewhat more enlarged by further absorption,

but at the same time their walls (which were at first formed only

by the remains of the walls of the primary areolae and therefore

only by calcified cartilage-matrix) begin to be thickened by the

deposition of layers of new bone, and this deposition increases gradually

towards the middle of the shaft (compare fig. 108, c and d). The
lacunae first appear in this deposit, there are of course none in the
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calcified cartilage. Moreover as layer after layer is deposited upon the

walls of the medullary spaces these become gradually narrowed into

Fig. 105.—^LoNaiTtJDiNAL SEC- Fig. 105.

TION THKOTJGH THE UPPER
HALF OP THE DECALCIFIED

HUMEEUS OFAFCETAL SHEEP,

ASSEEN UNDERAMAGNIFTING
POWER OF ABOUT 30 DIAME-

TERS. (Drawn by ]\Ir. J.

Lawrence. )
(E. A. S.

)

ic, the parb of the shaft

which was primarily ossified

in cartilage ; what remains of

the primary bone is repre-

sented as dark, enveloped by
the clear secondary deposit.

The areolcC of the bone are

occupied by embryonic mar-
row with osteoblasts, and
blood - vessels variously cut,

represented as dark lines.

One long straight vessel {bv

passes in advance of the line

of ossification far into the

cartilaginous head, most of

the others loop round close to

the cartilage. At one or two
places in the older parts of

the bone elongated groujis of

cartilage-cells (c) may still be
seen which have escaped ab-

sorption, im, the part of the

bone that has been ossified in

membrane, that is to say in the

osteoblastic tissue under the

periosteum. It is well marked
oflf from the central portion,

and is bounded, peripherally,

by a jagged edge, the projec-

tions of which are indistinctly

seen to be prolonged bybunches
of osteogenic fibres. A row of

osteoblasts covers the suiierfi-

cial layer of the bone. The
subperiosteal layer is pro-

longed above into the thick-

ening (p), which encroaches

upon the cartilage of the head
of the bone, and in which are

seen, amongst numerous osteo-

blasts and a few blood-vessels,

the straight, longitudinal os-

teogenic fibres (of), and some
other fibres {pf) crossing them,
and perhaps representing

fibres of Sharpey. The calca-

reous salts having been re-

moved by an acid, the gra- ic im
nular ossific deposit passing

up between the rows of cartilage-cells is not seen in this specimen. Observe the general

tendency of the osseous trabeculaa and the vascular channels between them to radiate

from the original centre of ossification. This is found to prevail more or less in all bones

when they are first formed, although the direction of the trabecule may afterwards become

modified ia relation with varying physiological conditions, and especially as the result of

pressure in different directions.
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inter-comraiinicating channels, which contain little more than a blood-

vessel and some jelly-like embryonic connective tissue (foetal marrow)
with a few osteoblasts applied to the bone.

In the end, some of tlie enlarged cavities and open structure remain to

form the cancellated tissue, but much of this structure is afterwards removed
by absorption, to give place to the medullary canal or the shaft. In many of

these cavities the walls of the coalesced primary areolas may long be distinguished,

like little arches, forming by their union a sort of festooned outline, upon
which the new bony laminae are deposited (see figs. 105, & 109).

The j^rhnari/ osseuns matter forming the original thin walls of the areolaj, and
produced by calcification of the cartilaginous matrix, is decidedly granular, and
has a dark appearance ; the subsequent or secondary deposit on the other hand is

quite transparent, and of a uniform, homogeneous aspect. This secondary deposit

begins to cover the granular bone a very short distance below the surface of

ossification (see fig. 108), and, as already stated, increases in thickness further

down.

Fig. 107.

Fiff. 106.

'SM^d^m<^ <S>llh'

~—=<£f ^Cj «rT-»>v sms '-:— c

Fig. 106.—TRANSyERSE SEOTION OF OSSIFYING CARTILAGE, INCLUDING A PORTION OF THE
ADVANCING CALCIFICATION. FrOH THE HUMERUS OF A FCETAL SHEEP, MAGNIFIED
70 DIAMETERS. (Sliarpey.)

c, cartilage, the cells of which are enlarged, but the matrix not yet calcified

;

h, primary osseous deposit in the cartilage matrix, extending between the cartilage-cells
and enclosing tliem in primary areola.

Fig. 107.

—

Small roRiioN op a section op developing bone, taken at the junction
OF THE BONE AND CARTILAGE, AND EXAMINED IN THE FRESH CONDITION. MAGNIFIED
ABOUT 140 DIAMETERS. (Sharpcj.)

a, h, two of the new-formed osseous tubes or areolce, with a few shrunken cartilage-
cells lying in them ; c, cartilage-cells near the ossifying surface, large and clear and
filling the cavities in the matrix ; on the left of the figure some of them are shrunken.
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Close to the limit of advancing" ossification, the blood-vessels terminate in capU-

laiy loops (see figs. 105, 108) which are often somewhat dilated. It is supposed by
Ranvier that these vascular loops by their growth directly produce absorption of the

i;artilage, but it is more probable that this is caused by the agency of some of the

cells which accompany the blood-vessels. The absorption of the walls of the

primary areola (calcified cartilage-matrix) seems to be effected by certain large

cells (fig. 108, /,/) which from their function have been termed by KoUiker,

vstcoclasts, and which are found wherever bone is being eaten away : we shall

return to them further on. The secondary bone which thickens the walls of the
medullary spaces is no doubt formed by the osteoblasts.

Flo-. 108.
Fig. 108.

—

Part of a longitudinal
SECTION OF THE DEVELOPING FEMUR OF

THE RABBIT. DrAWN UNDER A JIAGNI- ^^ ^ -^ "^i ij

FrING POWER OF 350 DIAMETERS (from
^ ^ "^v!

Klein and Noble Smith).
'

J\

a, rows of flattened cartilage-cells ; b, — ^

gi'eatly enlarged cartilage-cells close to the —
advancing bone, the matrix between is

partly calcified ; c, d, already formed bone,

the osseous trabeculse being covered with

osteoblasts (e), except here and there, where
a giant cell or osteoclast (/), is seen, eroding

parts of the trabeculfe
; g, h, cartilage-cells

which have become shrunken and irregular

iu shape. From the middle of the figure

do'miwards the dark trabeculte, which are

formed of calcified cartilage matrix, are

becoming covered with secondary osseous

substance deposited by the osteoblasts.

The vascular loops at the extreme limit of

the bone are well shown, as well as the

abrupt disappearance of the cartilage-cells.

With regard to the destination of the

cartilage-cells, two opposite views have
been taken by histologists. According

to one, which was that adopted by H.
Miiller, and has received most adher-

ence, the capsules are opened by absorp-

tion, and the cells are converted, after

undergoing division, into osteoblasts.

According to the other, the cartilage-

cells themselves become removed by
absorption, and take no part, directly

or indu-ectly, in the production of the

secondary bone. The latter view of the
matter was taken by Loven, and it was
also regarded by Sharpey as in all pro-

bability the more correct.

It is difiicult to decide between these

views. All that can be said is that the
line of demarcation between the cartilage-cells and the osteoblastic tissue is

exceedingly abrupt (fig. 108), and that the latter often, if not always, terminates
either by a dilated vascular loop, or it may be by a developing capHlary filled

with blood coi-puscles. Except that they are generally much shrunken and
irregular in form (at least after death or the action of reagents), the cartilage-

cells show no absorption and no distinct evidence of division, and it may be
remarked that this is also the case wheU; as sometimes happens, they have not
disappeared before the advancing subperiosteal tissue, but remaui for a time still

occupying an untouched primary areola (see fig. 105, c).
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As ossification advances towards the ends of the bone, the portion as

yet cartilaginous continues to grow at the same time, increasing in

every dimension. Tlie part already osseous increases also in circum-
ference ; fresh boue being continually deposited in the subperiosteal

membranous tissue outside that which is first formed on the surface of

the cartilage (figs. 105, 109). The subperiosteal deposit takes place in

the same way as in the formation of a membrane bone. Bony spicules

prolonged by bunches of osteogenic fibres (fig. 109, o) project out from
the previously formed layer, into the intervals between the blood-vessels.

By the union of the spicules these become in like manner enclosed in

channels whose walls are gradually thickened by deposits of osseous

lamella, between which some of the osteoblasts are left behind as bone-
corpuscles in lacunge, whilst others remain surrounding the blood-vessels

in the vascular channels.

Fig. 109.

Fig. 109.

—

Part op a transveesb section op a developing long bone, rathek more
ADVANCED THAN THAT REPRESENTED IN FIG. 105, AND UNDER A HIGHER MAQNIPriNa
POWER (E.A.S.) From a drawing by Mr. J. Lawrence.

cb, endoclioiidi-al bone whicli began as a calcification of tlie cai-tilage matrix, parts of

which still remain (c) covered over by secondary osseous deposit ; o, secondary areolas,

occupied by vessels, fcetal marrow, and osteoblasts
;
pb, periosteal bone deposited in the

form of irregular trabeculte, prolonged externally by bony spicules passing into bunches of

osteogenic fibres. These, which are everywhere covered with osteoblasts, become lost in

the external fibrous layer of the periosteum, p ; il, hi, blood-vessels variously cut.

The first formed bony tissue is different in its general appearance fi'om

the bony tissue of the adult, being more reticular and less regularly

lamellar, and, for a long while, even the shafts of the long bones are

rather cancellated, than compact in their texture. The more obviously

lamellated condition does not begin to appear until about the sixth

month after birth, when the periosteum deposits a succession of entire

lamellas around the eml)ryonic bone. The blood-vessels which pass from
the periosteum into the bone, pierce these circumferential lamellaa,

but are not at first surrounded Avith concentric lamelte, and do not
therefore lie in true Haversian canals.* The latter become formed later

by absorption taking place around the blood-vessels for some little dis-

"^ Even in the adult bone it may often be noticed that the blood-vessels which pierce

the superficial lamellas are not enclosed by Haversian systems.
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tance, succeeded Toy a re-deposition of concentric lamella3 within the

Haversian sijaces thus formed.

Immediately before the occm-rence of the lamellar deposition under the

jDeriosteum, the young bone undergoes a process of absorption from the inside.

The medullary canal becomes thereby enlarged, and the medullary spaces,

particularly those near the medullary canal, partaking of this absorption and
enlargement, the result is that at about this period there is less bony matter in

a section of the shaft than there was immediately before. To the change in

question Schwalbe has giyen the name " osteoporosis ; " it is followed by a
re-deposition of osseous lamellas both on the wall of the meduUary canal,

and on the walls of the medullary spaces of the embryonic osseous tissue.

Since the cartilage grows in every dimension by interstitial expansion, the

bone Avhich is invading it (endochondral bone) becomes gradually wider as the

ossification advances. It is narrowest near the centre of the shaft where the

process began, and widens gradually towards the ends ; it has therefore some-

what of an hoiu'-giass shape (fig. 105, i.e.). The cylindrical form of the shaft is

maintained, however, by the thickness of the periosteal bone being greater at the

Fig. 110.—LONGITUDIJSTAL SECTION THROIJGfr\THE Pier. HQ.
PEKIOSTEAL THICKENING OP A BONE AT ABOUT
THE SAME STAGE OF DEVELOPMENT AS THAT
REPRESENTED IN FIG. 105. From a drawing by
Mr. J. Lawi-ence. (E.A.S.)

c, cartilage with the cells in rows ; the tissue of

tlie periosteal thickening is shai'ply marked oft' from

it except near the surface
; jj, outer layer of the

periosteum ; /, p, inner layer of the periosteum or

subperiosteal tissue, \At\i osteogenic fibres, and
osteoblasts. One or two liloodvessels are observed

cut across.

centre (where the deposition of bone first began,

and has been longest proceeding) than at tlie

ends. Here it gradually diminishes to a thin

layer immediately investing that part of the

cartUage into which the calcification is extend-

ing, so that the intramembranous subperiosteal

ossification on the outside, may be said to closely

accompany, if it does not even precede, the

calcification of the cartilage in. the interior.

Either this investment of i^eriosteal bone, or

the calcification of the cartilage, seems to hinder
the lateral expansion of that part of the carti-

lage in which the calcification is proceeding
;

but immediately beyond, the expansion already

mentioned takes place. By the time that the ossification has advanced to

the extremities of the shaft, the enlarged and expanded end of the cartilage has
extended itself over the subperiosteal layer, so that this, with the accom-
panying osteoblastic tissue, now seems to lie in a groove or notch (fig. 105,^^9)

in the cartilaginous head of the bone (Ranvier). This groove is filled with
the same tissue as that which underlies the rest of the periosteum, namely a
vascular tissue with branched cells and osteoblasts and osteogenic fibres. The
latter are prolonged from the periosteal bone, and have for the most part a
longitudinal direction (fig. 110).

Blood-vessels extend from the newly-formed osseous tissue beyond it into the
cartilage. The vessels are lodged in excavations or branching canals in the
cartilage (fig. 105) which also contain granular corpuscles (? osteoblasts). Other
vascular canals enter the cartilage from its outer surface, and conduct vessels into
it directly from the perichondrium.
The formation of osseous tissue, having thus proceeded for some time in the

shaft, at length begins m the extremities of the bone from one or more inde-

pendent centres, and extends through the cartilage, leaving, however, a thick
VOL. II. T
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superficial layer of it unossifiecT, wliicli permanently covers tlie articular ends of

the bone. Th.e epiphyses thus formed are separated, as long as g-iowth

continues, from the shaft or diaphysis by an intervening portion of cartilage,

which is at last ossified, and the bone is then consolidated.

A remarkable exception to the ordinary mode of ossification of the cartilage-bones

occurs in the terminal phalanges of the digits. In these the calcification of the

cartilage begins at the distal extremity or tip, and the sub-periosteal deposit

appears simultaneously at the same point, and forms a cap-like expansion over

the end of the phalanx. The irruption of the osteoblastic tissue also first occms
at this place. The expanded portion of the phalanx which bears the nail is

formed independently of cartilage.

G-rowtli and Absorption of Bone.—The time of final junction of the

epiphyses is different in different bones ; in many it does not arrive until the

body has reached its full stature. Meanwhile, as above described, the bone
increases in length by the ossification continuing to extend into the intervening

cartilage, which goes on growing at the same time ; and it appears that in the

part of the shaft already ossified little or no elongation takes place by interstitial

growth. This is shown by an experiment first made by Hales and afterwards by
Duhamel and by John Hunter, in which, two or more holes being bored in the

growing bone of a young animal at a certain measured distance from each other,

they are found after a time not to be farther asunder, although the bone has in

the mean while considerably increased in length. On the other hand, if one
hole be bored in the epiphysis and another in the shaft, they become distinctly

removed from one another with the growth of the bone. Moreover, it is ^A-ell

known that if the intervening cartilage in g-rowing bone be injured by disease

or removed by the knife, the growth of the bone in length permanently ceases.

Both Hales and Duhamel in experimenting- on the growing tibia of a chicken,

observed that the elongation was much greater at the upper end. Humphry has

shown that in the airm bones the elongation is greater at the end fui-thest from
the elbow joint, and in the leg bones at the end which is next the knee joint.

In the human subject between the first and the fourth or fifth years, the long-

bones grow chiefly in length, scarcely at all in thickness.

The shaft of a long bone increases in circumference by deposition of new bone
on its external surface, while at the same time its medullary canal is enlarged by
absorption from within. This can be determined by two method? of experi-

menting. Thus, in the first place, a ring of silver or platinum put round
the wing bone of a growing pigeon, becomes covered with new bone from
without, and the original bone included within it gets thinner, or, accord-

ing to JDuhamel, who first made the experiment, is entirely remoA'^ed, so that

the ring comes to lie within the enlarged medullary canal. Secondly,

madder given to an animal along with its food tinges those parts in which
deposition of new bone is taking place. The earth of bone appears to act as a

sort of mordant, uniting with and fixing the colouring matter ; and, as in this

way the new osseous growth can be readily distinguished from the old, advantage
was taken of the fact by Duliamel, and afterwards by Hmiter, in their inquiries

as to the manner in which bones increase in size. By their experiments it was
shown that when madder is given to a young pig for some weeks, the external

part of its bones is deeply reddened, proving that the new osseous matter is

laid on at the surface of that previously formed. Again, it was found that,

when the madder was discontinued for some time before the animal was
killed, an exterior white stratum (the last formed) appeared above the red one,

whilst the intei-nal white part, which was situated within the red, and had
been formed before any madder was given, had become much thinner ; showing
that absorption takes place from within. In this last modification of the experi-

ment also, as noted by Hunter, a transverse red mark is observed near the ends
of the bone, beyond which they are white ; the red part indicating the growth
in length duiring the use of the madder, and the white beyond, that which has

taken place subsequently,—thus showing that the increase in length is caused

by the addition of new matter to the extremities. Madder administered whila

the process of formation of the concentric lamellfe of the Haversian systems is

going on, coloiu's the interior and recently-formed lamina, so that in a cross

section the Haversian apertures appear suxTOunded with a red ring.
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Flourens, and more recently, Kolliker, have repeated and varied tliese experi-

ments, and have represented the results in beautiful delineations. Kolliker has,

in addition, carefully investigated the microscopic appearances observed in the

process of absorption of bone. From the results of his researches (which were in

part anticipated by those of Loven), it would seem that the process is essentially

dependent on the presence of large multi-nucleated cells, by him termed " osteo-

clasts," identical with the " myeloplaxes" of Eobin (see p. 100),which excavate, in the

part which is undergoing absorption, small shallow pits (forcolce) in which also

they lie. These pits were iirst noticed by Howship : they seem to occur wherever

absorption is proceeding, and it is to them that the festooned appearance of the

Haversian spaces (p. 96) is due. The osteoclasts (fig. Ill) vary in size, but are always

many times larger than a blood-corpuscle : in shape they are spheroidal or flattened,

with either an even or an irregular outline. Their substance is granular in

appearance, and. they each contain from two to ten clear round nuclei, but this

ntunber may be considerably exceeded, whilst on the other hand, there may be

but one large nucleus provided with a number of bud-like projections. The
osteoclasts frequently present on the side by which they are in contact with the

bone a thickened striated border (fig. Ill, «), somewhat similar to the well-known
thickened base of the columnar epithelium-cells of the intestine. With res^Dect

to the origta and destiay of the osteoclasts, they are regarded by Kolliker both

Fig. 111.

—

Three osteoclasts froji pjo-. m.
ABSORPTION SURFACES OF GRO^yING

BONE. 400 DIAMETERS (KoUiker).

a, with thickened striated border.

as in the first instance derived

from and as eventually breaking

up into osteoblasts. Osteoclasts

are found in connection with the

roots of the mUk teeth where these

are undergoing absorption to make
way for the permanent set ; and
cells precisely similar occur rmder pathological conditions in various situations

quite apart from any hard tissue, and have long been known as ''giant-cells"

(Riesenzellen, Virchow.)

The changes of shape which the bones undergo in the process of growth, as

well as any changes which may occur in them in adult life, are all produced in

the same manner as the racrease of size—that is to say, not by interstitial growth
and expansion of the substance of the bone in one direction more than in another,

but by a deposition of new bone by osteoblasts at some parts and a simultaneous
absorption by osteoclasts at others ; whilst in other places again neither absorp-

tion nor deposition is occru'ring—just as a modeller corrects his work by laying

clay on at one part whilst removing it at another.*

Since during the growth of bones their shape is becoming continually altered,

it follows that in nearly aU bones during growth there are parts of the bone
which are in process of absorption, and others which are in process of more
active deposition than the rest. In most of the long bones, towards their ends,

absorption is generally taking place at one side, and deposition on the opposite side.

The former process may, and probablj' does, proceed to such an extent, that the
endochondral bone may be laid bare or even partially absorbed, but after a
while, when the absorption has ceased at any part, re-deposition may take
place, the osteoclasts being replaced by osteoblasts, and successive circum-
ferential lamellte being deposited by these.

A large amount of variation is met with in the difEerent bones of the skeleton

* For special details of this modelling process as it is met with in the diflferent bones
of the skeleton, the reader is referred to Kolliker's memoir ; Die normale Resorption des
Knochengewebes. Leipzig, 1873 ; and to a paper by Ivassowitz (Die normale Ossification

&c.) in Strieker's Med. Jahrb. 1879—1880.
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in the relative extent to -wliicli tliey are formed in cartilago and in the sub-
periosteal tissue respectively. '^Vllereas in some, such as the long bones of the
limbs, the endochondral bone is almost entirely removed, as we have seen
and periosteal bone substituted for it ; in others, such as the bodies of the veiie-

br£e, a much larger proportion of the adult bone has had an endochondral forma-
tion. In one or tv70 bones or parts of bones again, which may be said to have
Nypically an intramembranous origin, cartilage may, according to Kassowitz,
Aecome developed under the i3eriosteum at certain places, and the continuation of
the ossification may occur in this secondarily developed cartilage. This is said to
be the case with the clavicle, the foundation of which is laid in membrane, but
which is found at a later period to have cartilaginous ends ; and also with the
halves of the lower jaw-bone, which is said to develop cartilaginous ends both towards
the symphysis and towards the articular and coronoid processes, these cartilaginous
ends being altogether distinct from the cartilage of Meckel, which at those parts
is unconnected with the jaw-bone, althoug-h at another place it is involved in
the ossification of the maxilla (see vol. i., p. 7-1). Kassowitz has described also similar
cartilaginous developments in connection with the sub-periosteal tissue at the
tuberosity of the radius and the spine of the scapula.

The time of commencement of ossification in the different bones, as well as
the number and mode of conjunction of their centres of ossification, have been
treated of in the Descriptive Anatomy.
Regeneration of Bone.—In the reunion of fractured bones, osseous matter

(which anay be preceded by a new formation of cartilage), is formed be-

tween and around the broken ends, connecting them firmly together; and
when a portion of bone dies, a growth of new bone very generally takes place to

a greater or less extent, and the dead part is thrown off. The importance of the
periosteum in the process of repair is sho\\Ti by the fact that if a portion of
periosteum be stripped off, the subjacent bone will be liable to die and exfoliate

;

conversely, if a large part or the whole of a bone be removed and the periosteum
at the same time be left intact, the bone will, in a great measure, be regenerated.

Osseous formation will even occur in connection with portions of periosteum
which have been stripped away from the bone itself and intertwined amongst
the muscles of the part, or even with portions that have been entirely removed
from a bone and transplanted to a soft tissue. (Oilier.)

It is doubtful if the marrow-tissue can assist in the regeneration of bone.

Experiments which have been made to determiae this point would seem to show
that although in the yomig bone, where the osteoblasts still retain then- osteogenic

function, the medullary tissue may take an active part in the formation of the
first-formed new bone or "callus," in the adult no such participation of the
marrow in the regeneration of bone takes place.

In the young subject even small pieces of the bone itself can be transplanted,

and McEwen has succeeded in renewing- the greater part of the excised humerus
of a child by the introduction, at successive periods, of portions of fresh bone
removed from another patient.

It was long supposed that all the bones of the skeleton were preceded by and
deposited in cartilage. Nesbitt, however, showed in 1736 that some of the flat

bones were formed independently of cartilage, and he further maintained that

the cartilage is " entirely destroyed
;

" he therefore considered it to be a mere
temporary substitute ; but the steps of the process of intracartilaginous ossi-

fication as now ti;^ced with the aid of the microscope were unknown to him, and
it was not until the year 1846 that the manner of formation of bone and the

extensive replacement of the primarily ossified cartilage by new bone formed in

membrane was made clear by the researches of Sharpey, who published the results

of his -work in the fifth edition of this book.
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MUSCUIiAE TISSUE.

The muscular tissue is that hj means of which the active movements
of the body are produced. It consists of fibres, which are for the most
part collected into distinct organs called " muscles," and in this form, it

is familiarly knovrn as the flesh of animals. These fibres are also dis-

posed round the sides of ca^dties and between the coats of hollow viscera,

forming strata of greater or less thickness. The muscular fibres are

endowed with contractility, by virtue of which they shrink or contract

more or less raj^idly under the influence of certain causes which are

capable of exciting or calling into play the property in question, and
which are therefore named stimuli. A large class of muscles, compre-
hending those of locomotion, respiration, expression, and some others, are

excited by the stimulus of the will, or volition, acting on them through
the nerves ; these are therefore named " voluntary muscles," although

some of them habitually, and all occasionally, act also in obedience to

other stimuli. There are other muscles or muscular fibres which are

entirely withdrawn from the control of the will, such as those of the

heart and intestinal canal, and these are accordingly named "involun-
tary." These two classes of muscles differ not only in the mode in

v\diich they are excited to act, but also to a certain extent in their

anatomical characters ; and on this account we shall consider the

structure of each class separately.

STRUCTURE OF VOLUNTARY MUSCLES.

The voluntary muscular fibres are for the most part gathered into

distinct masses or muscles of various sizes and shapes, but most generally

of an oblong form, and furnished with tendons at each extremity, by
which they are fixed to the bones.

The muscular fibres are collected into packets or bundles, of greater

or less thickness, nsmed fasciculi or Icccerti (fig. 112). The fibres are

parallel in the fasciculi ; and the fasciculi extend continuously from one
terminal tendon to the other, unless in those instances, like the rectus

muscle of the abdomen and the digastric of the inferior maxilla, in

which the fleshy part is interrupted by interposed tendinous tissue.

The fasciculi also very generally run parallel, and, although in many
instances they converge towards their tendinous attachment with various

degrees of inclination, yet in the voluntary muscles they do not inter-

lace with one another.

An outward investment or sheath of areolar tissue {pcrimijsium)

surrounds the entire muscle, and sends partitions inwards between the

fasciculi ; furnishing to each of them a special sheath. The areolar

tissue extends' also between the fibres (cnclomysium), but does not afford

to each a continuous investment, and therefore cannot be said to form
sheaths for thern. Every fibre, it is true, has a tubular sheath ; but

this, as AviU be afterwards explained, is not composed of areolar tissue.

The perimysium contains elastic as well as white fibres ; but the elastic

element is found principally in its investing (as distinguished from its

penetrating) j)ortion. In the endomysium numerous plasma-cells are

found. The chief uses of the areolar tissue are to connect the fibres and
fasciculi together, and to conduct and support the blood-vessels and
nerves in their ramifications betAveen the parts. The relation of these
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different subdivisions of a mnscle to each other, as well as the shape of

the fasciculi and fibres, is well shown in transverse section (figs. 112

and 113).

Fi^. 112. Fig. 113.

Fig. 112. A, SHAM, PORTION OF MUSCLE, CONSISTING OF LARGER AND SMALLER FASCI-

CULI, NATURAL SIZE ; B, THE SAME MAGNIFIED 5 DIAMETERS, SHOWING A TRANSVERSE

SECTION (Sharpey).

Fig. 113. A FEW MUSCULAR FIBRES, BEING PART OF A SMALL FASCICULUS, MORE HIGHLY
MAGNIFIED (Sliarpej).

«, end view of h, h, fibres ; c, a fibre split into fibrils.

Fasciculi.—The fasciculi are of a prismatic figure, and their sections

have therefore an angular outhne (fig. 112). The number of fibres of which
thej consist varies, so that they differ in thickness, and a large fasciculus

may be divisible into two or three orders of successively smaller bundles,

but of no regularly diminishing magnitude. Some muscles have large,

others only small fasciculi ; and the coarse or fine texture of a muscle,

as recognized by the dissector, depends on this circumstance. The
length of the fasciculi is not always proportioned to the length of the

muscle, but depends on the arrangement of the tendons to which their

extremities are attached. When the tendons are limited to the ends of

a long muscle, as in the sartorius, the fasciculi, having to pass fi-om one
extremity to the.other, are of great length; but a long muscle may be
made up of a series of short fasciculi attached obliquely to one or both
sides of a tendon, which advances some Avay upon the surface or into the

midst of the fleshy part, as in the instances of the rectus muscle of the

thigh, and the tibialis posticus. Many short fasciculi connected thus to

a long tendon, produce by then* combined operation a more powerful
effect than a few fasciculi running nearly the whole length of the muscle;
but by the latter arrangement the extent of motion is greater, for the
points of attachment are moved through a longer space.

Fibres ; their figure and measurement.—In shape the fibres are

cylindrical, or prismatic with rounded angles. Their size is on the
whole pretty uniform, although fibres occur here and there in a muscle
which differ greatly in size from the prevailing standard. Accord-
ing to measm-ements by Kolliker in different regions of the body, the
prevailing sise of the fibres in the muscles of the trunk and limbs is
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from yio to ^^ of an inch, Ibut is less in those of the head, esi^ecially in

the facial muscles, in which he found the diameter to range from y-] ^^

down to 2rrVo ^f an inch.
Fig. 114.—A BRANCHED MUSCULAR FIBRE FRO:*! THK

Fig. 114. frog's TONGUE, MAGNIFIED 350 DiAJi. (KolHker.)

The fibres composing a muscle are of

limited length, generally not exceeding one
inch and a half ; and accordingly in a long
fasciculus a fibre does not reach fi-om one
tendinous attachment to the other, but ends
Avith a rounded extremity, inyestecl with its

sarcolemma, and cohering with neighbouring
fibres. Unless when either is fixed to a
tendon, both extremities of the fibre termi-

nate in the way described, so that it has a

long cylindi'ical shape. In some muscles, e.g.

the sartorius, fibres have been measured
which are much longer than the dimension

above given.

GeneraUy speaking the fibres neither di-

^dde nor anastomose ; but this rule is not

without exception. In the tongue of the frog

the muscular fibres (fig. 114) as they ap-

proach the surface divide into numerous
branches, by which they are attached to the

under sm-face of the mucous membrane. The
same thing has also been seen in the tongue
of man and various animals : and the fil^res of

the facial muscles of mammals divide

in a similar manner where they fix them-

selves to the skin (Busk and Huxley).

Fig. 115.

—

Muscular fibre of fish. Sub-

stance OF FIBRE RUPTURED SO AS TO EXHIBIT

SARCOLEMMA. (After Bowman.)

Fife. 115.

Fiff. no.
Fisj. 116. -Sarcolemma of mammalian muscle, highly

magnified (e.a.s.).

The fibre is represented at a place where the mnscular sub-

stance has become ruptured and has shrunk away, leaving the

sarcolemma (with a nucleus adhering to it) clear. The fibre

had been treated with serum acidulated with acetic acid.

Structure of the filbres ; sarcolemma.—A
muscular fibre may be said to consist of a soft con-

tractile substance inclosed in a tubular sheath.

The latter is named the sarcolemma or myolemma.

It consists of transparent and apparently homoge-

neous membrane agreeing in physical and for the

most part in chemical characters with elastic tissue,

and, being comparatively tough, will sometimes

remain entire when the included fibrils arc ruptured

hj stretching the fibre, as represented in fig. 115.

It is especially well seen in fish and amphibia,

for in these it is thicker and stronger than in
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mammalian muscle, in Trhicli it is more diincult to render evident but

nevertheless always exists (fig. 116). K^uclei are found on the inner

smface of the sarcoleinma, but these belong rather to the contractile

substance than to the inclosing membrane, and will be afterwards more
fully described.

Contractile sulbstance.-—^Yfhen viewed by transmitted light with a

sufficiently high power of the microscope, the fibres, which are then clear

and pellucid in aspect, appear marked with j)arallel stripes or bands

alternately light and dark passing across them directly or somewhat
obliquely with great regularity (fig. 117), and this not only at the

surface but, as may
be seen by alter- Fig- H''-

ing the focus of the

microscope, through-

out its substance also.

The dark and fight

bands are nearly of

equal breadth, and
when the fibre is

much extended, a fine

dark dotted line be-

comes visible in the

middle of the light

band, and dividing

it into two. About
eight or nine dark

and as many light

bands maybe counted

in the length of

yoVo of f^n inch,

Avhicli would give

About TTooTT inch as

the breadth of each.

But whilst this may
be assigned as their

usual breadth in hu-

man muscle, they are

in different parts

found to be much
narrower, so that not
uufrequeiitly there are twice as many in the space mentioned. This
closer approximation may generally be noticed in thicker and appa-

reutly contracted parts of the fibre. The cross-striped appearance, which is

very characteristic, is found in all the voluntary muscles ; but it is

not altogether confiued to them, for it is seen in the fibres of the
heart, which is a strictly i]ivoluntary organ : striped fibres are also found
in the pharynx and upper part of the gullet, in the muscles of the internal

ear, and those of the urethra, parts which are not under the direct

control of the will.

Fibrils ; d/'slcs ; sarcous eJemmts.—The proper substance of the
fibre presents, besides the transverse bands, an appearance of longitu-

dinal striation, which is the better marked where the transverse striation

is less distinct. On separating the fibre with needles, especially after

hardening in alcohol, it may be broken up longitudinahy into the so-

Fig. 117. A, PORTION OF A MEDIUM-SIZED HUMAN MUSCULAR
FIBRE, MAGNIFIED KEARLT 800 DIAMETERS (Shariiey).

B, SEPARATED PORTION OF A FIBRE, EQUALLY MAGNIFIED.

a, a, larger, and h, i, smaller collections of fibrils ; c, still

smaller ; d, d, the smallest wliicli could be detached.
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Fig. 118.

called filrih, v;liicli, "vyIicu of a certain fineness, appear to consist of a

row of dark quadrangular particles (fig. 117, b, J)), with bright intervals,

the latter traversed by a dark dotted line, c, w-lien the fibre is sufficiently

extended. These rows of quadrangular particles wdiich are sometimes
taken to represent the sarcous elements of Bowman (sec below) may,
however, be fm-ther separated, as was shown by Sharpey, and the finest

filaments so obtainable present the appearance of lines regularly broken
at short distances {d). Each such thread may perhaps be looked upon as

an ultimate fibril. It must, however, be borne in mind that the fibre is

not wholly composed of these fibrils, but that there is in addition a not

inconsiderable amount of intermediate substance.

Under other circumstances, as after the action of dilute acids or of

gastric juice, the fibres show a tendency to cleave across in a direction

parallel to the bands, and e'^'en to break
np into transverse plates or disks, which
are formed by the lateral cohesion

of the particles of adjacent fibrils.

To make up such a disk, there-

fore, every fibril contributes a particle,

Avhich separates from those of its

owm fibril, but coheres with its neigh-

bours on each side, and this with
perfect regularity. From a conside-

ration of these facts, therefore. Bow-
man was led to conclude the sub-

division of a fibre into fibrillar to be
merely a phenomenon of the same
kind as the separation into disks,

only of more common occurrence, the

cleavage in the latter case taking

place longitudinally instead of trans-

versely: accordingly, he came to the

conclusion that the fibrillEC have no
existence as such in the fibre, any
more than the disks ; but that both
the one and the other owe their

origin to the regular arrangement of

the particles of the fibre (sarcous

elements) longitudinally and trans-

versely, w^hereby, on the application of a severing force, it cleaves in

the one or in the other direction into regular segments.

If a transverse section of a muscular fibre is examined with a

liigh power, it often appears to be marked out into small polygonal

areas (Cohnheim) separated by clear lines (fig. 118). These areas

are usually regarded as representing sections of the fibrillfe, but
they would seem rather to correspond to groupings of the ultimate

fibrin^, for the fibrilla3 are much smaller than the areas (compare
fig. 117, B, d). Moreover, the areas may often be seen to have a

punctated appearance, as if made np of the sections of a number of

smaller elements. It must not be forgotten that the separation of a

muscular fibre into disks or into fibrillfe is only possible after the coagu-

lation of the muscle-plasm a, or the action of re-agents upon it.

If perfectly fresh mammalian muscle is examined very carefully with

Fig. 118.'—TRANSVERSE SECTION OP

PORTION OF MUSCULAR FIBRE OP

LOBSTER. Examined in salt

.SOLUTION (h PER CENT.) ' AND
MAGNIFIED 400 DIA3IETERS (Kijlli-

ker).

The polygonal areas of Colinlieim

are seen, and among tlieni two or

tliree irre^nlar nuclei.
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high powers, especially if the upper surface of the fibre is focussed, the

stvm present the appearance shown in fig. 119, which on a smaller scale

recalls that of insect muscle, as shown in fig. 120. By varying the

focus this appearance and that exhibited in fig. 117 may often be obtained

alternately, showing that optical conditions have mucli to do with the

subjective eifects produced by the examination of this tissue.

fsSuscle-nvicIei or muscle-corpuscles.—In connexion with the cross-

striated substance a number of clear oval nuclei are found in the fibres.

In mammalian nmscles they lie upon the inner surface of the sarcolemma

(figs. IIG, 119), but in frogs they are distributed through the substance

of"the fibre. Associated with and surrounding

them there is sometimes, but not always, to be

seen a certain amount of granular protoplasm,

which shades off at the margins into the contrac-

tile substance of the fibre. Both substances are

derived from the original formative protoplasm,

of the embryonic cells which compose the

muscle (Max Schultze). In the unaltered con-

dition the nuclei are not easily seen, but they may
be made conspicuous by the addition of acetic

acid. They contain a network of nucleoplasm, in

which one or two nucleoli are generally visible.

Fisr. 119.

;|!l|lI:Ill!ini!ii:S L
PEiaiiiiiisiuiHi 9
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Fig. 119. — Muscular
FIBRE OF A MAMMAL
EXAMINED FRESH IN

SERUM, HIGHLY MAG-
NIFIED. (E. A. S.)

In the rabbit and hare, as especially pointed out by

Eanvier, certain of the voluntary muscles present dif-

ferences in appearance and mode of action from the rest.

Thus while most of the voluntary muscles have a pale

aspect and contract energetically when stimulated, some
such as the semi-tendinosus and the soleus in the

lower limb, are at once distinguished by their deeper

colour as well as by their slow and prolonged con-

traction when stimulated. "WTien subjected to micro-

scopical examination it is found that in the red muscle
the fibres are more distinctly striated longitudinally

and the transverse stride are much more irregular

than usual. The nuclei also are far more numerous
and are not confined to the inner surface of the sarco-

lemma, but occur here and there in the thickness of

the fibre as well. There is also a difference in the

blood-supply of the two kinds of muscle, to be after-

wards aUuded to.

A similar difference between red and pale muscles
may be also seen in the Rays amongst fishes. In other animals the distinction is

not found as regards whole muscles although it may affect individual fibres of a
muscle. This is especially the case, according to Klein, in the diaphragm, in

which in many of the fibres there are iitmaerous nuclei, and these are embedded
in protoplasm, which forms an almost continuous layer imderneath the sarcolemma.
The peculiarities in question seem to be dependent upon the amount of work
which a muscle is habitually called upon to perform, and are probably connected
with the nutrition and renovation of the muscle-substance (Meyer).

From the difficulty of making out all the details of structure of the mammalian
muscle, arising from the extreme delicacy of its component elements and their
liability to changes, histologists have availed themselves of the facilities afforded
by the muscular fibres of insects, in which the elements are relatively large, and
in Avhich the fibres can be readily isolated in an unaltered and still contractile
condition.

If a piece of one of the muscles which move the legs be removed from the

The nuclei are seen on
the flat at the surface of

the fibre, and in jirofile

at tlie ede-es.
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abdomen of one of the common water-beetles (Dytiscus marginalis). and Tvhilst

still fresh and living be examined, either in the blood of the insect or -without
the addition of any fluid, with a high power of the microscope, most of the fibres

are seen to present, like mammalian muscle, the appearance of alternate dim and
bright transverse bands. Each dim band is traversed by a series of fine lines set
side by side, which refract the light more strongly than the rest of the muscular
substance, and hence appear somewhat darker (fig. 120, (/). Crossing the fibre in
the middle of each of the bright stripes a double row of dots (cO is apparent

;

and on close inspection it may be seen that each line of the dim stripe is trace-
able at either end into one of the dots of the bright stripe ; as if the dots were
the enlarged ends of the lines. Thus the structure which the lines and dots
indicate, belongs both to the dim and to the clear bands, the intei-val between
the double row of dots corresponding to the middle of the clear band. In an
optical transverse section of a fibre it may easily be seen that the lines in question
represent rod-shaped structures, and not partitions in the fibre, as some have sup-
posed, for they appear in cross-section as minute dots separated by clear interstitial

Fis. 120. Fig. 121.

Fig. 121.

—

Tkansvekse
section of a jicrscular

fibre of water-beetle.
Highly magnified.

s, sarcolemma.

Fig. 120.—LiviNCJ 3IUSCLE OF water-beetle
(dytiscus marginalis). Highly magnified.
(E. A. S.)

s, sarcolemma ; a, dim strijDe ; h, bright

stripe ; c, row of dots in bright stripe, which
seem to he the enlarged ends of rod-shaped
particles, d.

substance (fig. 121). The light and dark stripes are not sharply marked off from
one another, nor is their line of junction an even one, for, on careful inspection,

it is seen to be crenated, each crenation con-esponding to a dot, the aj^pearance

being like that which would be produced if there were a clear halo around each
of the dots, and as if the successive haloes had blended together to form the
bright band.

Now it is familiar to microscoijical observers that whenever any strongly re-

fracting particle, such as a micrococcus or a minute oil globule, is examined in

water with a high power of the microscope, it appears stiiTOunded by a bright

halo due to its refracting effect ujion the light, and jjerhaps partly to the refiexion

from its surface. And a rov,^ of micrococci seems to lie in a bright line due to the

blending of the successive haloes formed around each one. If we assume, then,

as the appearance of the transverse section would seem to justify us in doing, that

the lines shown in fig. 120 are the expression of rod-like bodies with knobbed ends

(muscle-rods),which ends correspond in situation with the bright strife, such a view
would completely account for the brightness of the latter, and has, moreover, the

advantage that it offers a simple explanation of the ap^jearance presented by the
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living fibre. We should define tlie latter as consisting of two substances, not

bright and dim, but of the substance of the rods and of interstitial substance, the

bright appearance of the latter, in the situation of the light bands, being caused

by the peculiar shaije of the ends of the rods. The probability that this is the

cause is increased by the fact that in some of the fibres the rods are cylindrical

with their ends not enlarged and in contact, and in such cases the bright

transverse bands are no longer observed. And it is further rendered probable by
the appearances which can be observed

Fig. 122.

C
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in the living muscular fibre if it be

closely watched during the j)assage of

a contractile wave along its substance.

These appearances may next be de

scribed.

'Changss which the 3,iusctjlar ele-

ments UNDERGO IN CONTRACTION.

—

When a poition of the still living-

muscular tissiLe of the water-beetle is

observed under the microscope, con-

tractions may be seen passing in

waves along the fibres from end to

end, and with care the following-

changes may be made out (fig. 122).

That j)art of a fibre which is under-
going contraction becomes shorter and
thicker. The two lines of dots in the
middle of each bright band become
blended to form a single dai-k line

which is approximated to the neigh-
bouring rows and gradually thickened.
an appearance which suggests that the
heads of the muscle-rods become en-

larged at the expense of the connect-
ing stems. Dark bands are thus
formed occupying the situation of
the previous bright bands with then-

double rows of dots, whilst the dim
bands which alternated with these
are much reduced in thickness, and
partly by contrast, partly in all

probability by reflexion from the
surface of the newly formed bands,
are relatively clear and brilliant.

For in consequence of the enlarge-
ments of the dots and their blendrng
into a continuous disk, the bright effect

which they produce instead of appear-
ing as a series of haloes as in the
resting muscle, extends to the whole
of the now diminished interval be-
tween the successive series, and this
moreover tends to render obscru-e the
attenuated shafts.

_
It will be seen that in the process of contraction the relative position of the

light and dark parts of the fibre has become altered, so that the band which was
previously dim is now bright.*

The muscles which move the wings of insects present certain pomts of dif-
ference from those of the legs which have just been described. They are readily

* For a further account of this subject tlie reader is referred to a paper on the Lef-
Aluscles of the Water-Beetle, in the Phil. Trans. 1873.

Fig. 122.

—

Wave op contraction passings

OVER a muscular FIBRE OF DYTISCtTS.

Vert highly magnified. (E. A. S.

)

R, R, portions of the fibre at rest ; c, con-

tracted part.
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dissociated, even in the fresh condition, into very small fibres or fibrils which
are collected into bundles surrounded by the ramifications of the air-tubes or
tracheas. Each separated fibre, if sufficiently extended (fig-. 123, C), is composed
of alternate dark and light disks, and in the middle of the light disk there is

seen a fine sharply marked intermediate dark line vi, but the appearances vary
much according to the state of extension of the fibril (see fig. 123). No rod-
like structm-e had, until quite recently, been detected in these fibrils of the wing-
muscles, and this was believed to constitute an essential distinction between
them and the ordinary muscles, but with the aid of improved objectives Wagener
has been able to detect fine longitndiaal elements in the former also.

Ficf. 123.

yZ'c

in

Fig. 123.—Jt'iBEES Oi' THE WING-MUSCLES OP AN INSECT (after Eaavicr).

The fibres are in different conditions of extension, from A least extended, to D most
extended, e, e, chief substance of the fibre ; m,, m, intermediate lines or disks ; the
light bands, he, on either side of these only come to view when the fibre is sufficiently

stretched (C) ; with farther extension (D), the middle of the dark band apxDcars lighter, /(.

Brticke's observations -upon the appearances of muscle tinder polarized
lig-ht.—It vi'as noticed by Boeck that, like some of the other tissues, muscle is

doubly refracting (anisotropous). Brticke however was the first to point out thab

the fibre is not composed entirely of anisotropous substance, but that there is in

addition a certain amount of singly refracting or isotropous material. Since the

important researches of the last-named author form the basis of our knowledge
of this subject, a short account will be given of them here.

In the first place Brticke distinguislies between the appearances presented by
living muscle examined in its own plasma and those of dead and prepared

muscle. In dead muscle, although a considerable variation is noticeable in the

relative amount of anisotropous and isotropous substance, nevertheless the two
substances inva]-iably take the fonn of alternatiag bands, dark and light, crossing

the fibre and apparently corresponding in position with the light and dark stripes

of the fibre as seen under ordinary light.

It is quite otherwise with living muscle. In this almost the whole of the

fibre looks doubly retractile, the isotropous substance occurring only as fine

transverse lines, or as rows of rhomboid dots which are united to one
another across the anisotropous substance by fine longitudinal lines. This

account is illustrated by fig. 124, which is copied from Brilcke. Now if

this figure be compared with fig. 120, or with the parts marked E of fig. 122,

which represent the living muscle of a water-beetle under ordinary light, it is

obvious that the rhomboid points and longitudinal lines of the one corre-

spond to the muscle-rods of the other. The substance of the rods there-
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124.

Fig. 12.5.—LlVINCt MUSCLE OP

A WATEK-BEETLE EXAJIIXED

IN POLARIZED LIGHT AVITH

CROSSED NiCHOL's PRIS3IS

(Brucke).

fore, is singly refracting, -wliereas the substance between them is doiibly

refracting.*

Briicke has applied the theory of Bartholin, in-

vented to explain the phenomena of double refrac-

tion in crystals of Iceland spar, and which supposes

that those crystals are compounded of minute
doubly refracting particles (disdiaclasts), to the

doubly refracting substance of muscle, and has

applied the same name (^cli.'^dittclasts) to the jiar-

ticles of which he supposes that substance to be
composed, and which would appear to act upon
the light like positive, uniaxial, doubly refracting-

crystals. Under certain circumstances, as» after

the action of water or salt solution the mus-
cular substance is apt to break down into a

cloud of fine doubly refracting particles which
are either themselves the disdiaclasts or represent

gToups of them.

Other views of muscular structure.—Until Bowman i3ublished. in the Philo-

sophical Transactions for 1810, his important work on the structure of muscle,

the whole subject was exceedingly obscure. The view which Bowman took of the

constitution of muscular substance, namely, that it is composed of a series of par-

ticles joined together closely side by side into disks, and less intimately united end
to end into fibrils, long occujDied a dominant position in this branch of histology.

KoUiker however (1851), laying stress upon the fact that the muscular substance

is much more apt to break up into fibrils than into disks, looked upon the

appearance of the latter as altogether secondary, and regarded the fibrils as

the actual elements of the muscle, the alternate dark and light portions in

the course of each fibril being of essentially the same natm-e, although differing-

somewhat in their optical propei-ties. Afterwards (1867), recognising that the
so-called fibrils were in reality made up of finer elements, the ultimate fibrils,

Kolliker was led to term the structiu-es formerly known as fibrils '• muscle-

columns," and he looked upon the areas of Cohnheim as representing the trans-

verse sections of those columns.

W. Krause (1868) introduced an entirely new idea, into the conception of the

subject, by looking upon the intermediate line in the light stripe as a continuous
disk or membrane, united laterally to the sarcolemma, and thus dividing the whole
fibre into a series of flat compartments, these being again subdivided longitudinally

by partitions (seen on transverse section as the clear lines bounding Cohnheim's
areas), so that little cases (Muskel-kastchen) are thus formed (fig. 125, A). Each
such case contains, according to Krause, a portion of the dark disk (muscle-

prism) in its middle part, and portions of the light disks (fluid) at either end, and
Krause supposed that in contraction this fluid changes its situation, becoming-

shifted to the periphery of the dark substance, and that in this way the muscle
is diminished in leng-th, and proportionally increased in breadth (fig. 125. B).

Subsequently, however, recognising the existence of ' muscle-rods " within the

muscle-prism, Exause described the fluid as passing between the rods and separat-

ing them more from one another during contraction (C).

* In point of fact Briicke regarded the lines which traverse tie anisotropous disks not

as rod-like structures, but as the optical sections of partitions separa-ting columnar
portions of anisotropons substance from one anotlier. But with a good lens it can he
readily seen tliat the lines in question are not partitions but are isolated from one another,

and this is still more obvious in the transverse section of the muscle (fig. 121). Taking
into consideration this difference of terminology, my own observations upon the appearance
of Hving muscle in polarized light agree entirely v.'ith those of Brucke. So far as I have
been able to see, the muscle-rods are isotropous or singly refracting, the rest of the
muscle-substance is anisotropous or doubly refracting. In contracted muscle the darker
disks, which as before described are formed by the enlargement and apparent fusion of

the knobbed ends of the rods, are singly refracting, the alternating light bands being
doubly refracting. In dead muscle alternating singly and doubly refracting disks are

almost always seen, even although the fibre may not appear to be contracted.
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The next prominent writer upon the subject was Merkel (1872), wlio described

the transverse membranes of Krause as being double, and who corro-

borated Hensen's description of tlie existence of a lighter line or disk

in the middle of the dark stria.

Fig. 125.
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Fig. 125. DlAGRAMilATIC EEPEESENTATIOIT OP A
3IUSCLE-CASE UNDER A VERY HIGH HAGNIFriHG

POWER ("W. KrAUSE).

A, at rest ; B, condition in contraction, former

view ; C, condition in contraction, j)resent view.

an, muscle-prism, consisting of a bundle of

muscle-rods ; is, fluid isotropous substance.

But the most important difference

in Merkel's account occurs in his

description of the process of con-

traction. According to him, the
anisotropous substance of the

is dark stria first of all becomes

cj;^ diffused over the whole muscle-
compartment, so that the fibre

^^ acquires a homogeneous appear-

ance, and then at a later stage

becomes accumulated against the
transverse membranes, while the
isotropous substance on the other

hand is accumulated on either

side of Hensen's disk, so that the
position of the two substances is

thus reversed.

Merkel was closely followed by
Engelmann (187:>), according to

whose description, a muscular fibre consists of a succession of superimposed

parts or compartments, which are partitioned off from one another by thin disks or

membranes—Krause's membranes or intermediate disks (fig. 126. a a)—which may
occasionally be double. Within each compartment is a series of disks, varying-

in their refractive power and in their action upon polarized light, as follows :

—

i^ext to an intermediate disk comes a comparatively narrow layer of isotropous

clear substance, then a thin disk of dim substance, which is feebly anisotropous,

and is distinguished as the accessory disk, (&); this is followed by a narrow
layer of clear isotropous substance ; tlien comes a broad disk of anisotropous

substance (principal disk, e), occupying the greater portion of the muscle-

compartment, and sometimes bisected by a. narrow pale disk, which lies exactly

in the middle of the compartment, and is distingoiished as the middle disk

or disk of Hansen (not seen in the figure). Beyond the broad anisotropous

disk come in inverse succession isotropous substance, accessory disk, and
intermediate disk, and so on in the next compartment.
When contraction is about to supervene in any part of a muscular fibre,

the changes, which according to Eng-elmann may be observed, are the fol-

lowing :
—-While the intermediate disks approach one another, the successive

disks within each muscle - compartment become less distinct, and the fibre

loses in great measure at the part in question (that namely in which the

contraction is beginning), its striated appearance. The stage in question is

accordingly tenned by Engelmann the homogeneous stage (fig. 126, H.). As
the contraction progresses, transverse stria3 again make their aj^pearance, in

consequence of the gradual darkening of the accessory disks and concomitant

clearing up of the principal disk, so that now each intermediate disk with its

juxtaposed accessory disks forms a distinct dark isotropous band, these

alternating with the narrowed and nov/ bright-looking principal disks of

anisotropous substance (fig. 126, c.) The reversal of the strite in contracting

muscle is ascribed by Engelmann wholly to changes in refrangibility in the

several substances which compose the disks of the muscle -compartment accom-
panied by an increase in the volume of the principal disk at the expense of the

isotropous substance.

With regard to the above account of the changes which occur dui'ing

Dontraction, it should be mentioned that it is not founded upon the
observation of the contractile chang-e as it may be seen to occur in the living

muscle, but on the examination of the so-called " fixed waves of contraction,"

which are seen in fibres of miiscles obtained from insects which have been killed

by being placed in osmic acid or alcohol. On such fibres it often happens that
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one or more swellings occur upon the otlierwise extended fibre, and these

swellings are assumed to be contractile waves, which have been fixed dui'ing

their passage along the fibre by the sudden influx of the reagent, it being taken

for granted that the reagents in question fix the liviag muscular fibres in

exactly the same condition as at the time of immersion. But this assumption

is not borne out by the facts of the case. For if the living muscular tissue of

an insect is being observed under the microscope, and a drop of osmic acid or

of alcohol is allowed to come into contact with it, the whole fibre if free to

contract at once does so, and remains contracted. Moreover, as the reagent pene-

trates the substance of a fibre, the appearance of the latter becomes profoundly

modified in place of remaining unaltered as asserted by Engelmann. If the ends of

the muscle are fixed so that it is not free to contract, the general shortening of the

Fig. 126.—MUSCUL.4.R fibre op an insect, exhibit- Pig. 126.

ING A PART OF ONE OF THE SO-CALLED " FIXED

waves of contraction" (from Engelinanu).

The right half of the figiu-e shows the effect pro-

duced by the same fibre when examined under pola-

rized light, the principal disks then appearing light

on the dark field caused by the crossed Nichols'

Xn-isms.

R, part at rest, or at least extended ; H, homo-
geneous part ; C, contracted part, a, intermediate

disk ; h, accessory disk ; f, principal disk.

fibre and the approximation of the discs may
not occur except here and there, and at these

places the swellings known as fixed waves of

contraction manifest themselves, but it by no
means follows that in the intermediate parts

the fibre, although extended, is not, so far as

regards the arrangement of its elements, in the

condition that ordiuarily accompanies con-

traction. The homogeneous appearance at

the rise and fall of the '• fixed wave," may
be accounted for if we consider that the

longitudinal elements are liable to become
shifted somewhat by the shortening of a neigh-

bouruig part of the fibre, for it is well known that

mechanical shifting of the elements of a fibre

causes a disappearance of the transverse striation.

Ranvier (1880) reverts to a view of muscle-

structure which is similar to that of Krause,

but gives an entirely different account of the

changes which accompany contraction.

Whatever may be the interpretation put

npon the appearances exhibited by muscle,

there is little doubt that the contractile phe-

nomena are of essentially the same nature
in voluntary muscle as in involuntary muscle,

and even as in cilia, and in the movements of

simple protoplasmic cells. Both the contraction

of muscle and the contraction of protoplasm
are dependent upon the maintenance of nutrition, and are influenced similarly

by external conditions. The only striking point of difference, apart from the
relative quickness or slowness with which stimuli are responded to, lies in the
fact that in muscle, whether voluntary or involuntary, the contraction is

confined to one dimension, whereas ordinary protoplasm is capable of con-
tracting in any direction. That in the living condition the substance of a
muscular fibre is, like protoplasm, of a semi-fluid nature, was proved by the

VOL. II. K
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oft-quoted observation of Killine (repeated by Eberth), m^Iio observed a mimxte
parasitic worm moving in the interior of a living muscular fibre of the

frog, and noticed that the transverse striiB and other markings in the fibre

which were displaced by the movements of the worm, closed in again behind

it, reassuming their proper order and former position.

Mode of Attachment of Muscular Fibres : Ending of Muscle
in Tendon.

—
"When a muscle ends in a tendon it is found that the

muscular fibres either run in the same direc-

tion as the tendon-bundles or join with the

tendon at an acute angle. In the former

case the tendon becomes subdivided, either

gradually or suddenly, into as many small

bundles as there are fibres in the end of the

muscle, and it often seems at first sight as if

the tendon-fibres were directly continued into

the muscular substance. In reality, how-
ever, the fibres of each tendon-bundle end
abruptly on reaching the rounded or obliquely

truncated extremity of a muscular fibre (fig.

127), and are so intimately united to the pro-

longation of sarcolemma which covers the ex-

tremity, as to render the separation between
the two difficult if not impossible (Ranvier).

The muscular substance, on the other hand,
may readily be caused to retract from the

sarcoleimna at this point. The areolar tissue

which lies between the tendon-bundles, passes

between the ends of the muscular fibres and is

gradually lost in the interstitial connective

tissue of the muscle.

When the direction of the muscular fibres

is oblique to that of the tendon, the con-

nection takes place in a similar way to that

above described, but the small tendon bundles

are given off" laterally along the course of the

tendon, which in these cases is generally

MUSCULAR FIBRE IN TENDON prolougcd iuto or ovcr the muscle.
(Ranvier). When the muscular fibres divide, each
m, sarcolemma ; s, the same branch of the fibre is described as being

membrane passing over the end directly continuous with a teudou-bundle, or
01 the libra ; p, extremity oi \- , i -,-, -i.!, i. j.i • 1

muscular substance, c, retracted
connective tissue bundle. Without the mter-

from the lower end of the sarco- vention of sarccloinma, but it is not im-
lemma-tube

;
t^ tendon -bundle probable that renewed careful investigation

passmg to be fixed to the sarco- j^iight, in this case also, disclose the existence
lemma.

^^ ^ ^.j^^^ prolongation of sarcolemma over
the divisions.

Slood-vessels.—The blood-vessels of the muscular tissue are very

abundant, so that, when they are successfully filled with coloured injec-

tion, the fleshy part of the muscle contrasts strongly with its tendons.

The arteries, accompanied by their associate veins, enter the muscle at

Tarious points, and divide into branches : these pass among the fasciculi,

crossing over them, and dividing more and more as they get

Hg- 127.

—

Termination of
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between the finer divisions of the muscle ; at length, penetrating

the smallest fasciculi, they end in capillary vessels, which run between

the fibres. The vessels are supported in their progress by the sub-

divisions of the sheath of the muscle, to which also they supply

capillaries. The capillaries destined for the proper tissue of the muscle

are extremely small ; they form among the fibres a fine net-work, with

narrow oblong meshes (fig. 128), which are stretched out in the direction

of the fibres ; in other words, they consist of longitudinal and transverse

vessels, the former running parallel with the muscular fibres, and lying-

in the angular intervals between them,—the latter, which are much
shorter, crossing between the longitudinal

ones, and passing over cr under the in- Kg. 128.

tervening fibres.

Inthe deeper coloured muscular fibres of those

animals which, like the rabbit, possess two kinds

of Toluntary muscles, the transverse loops of

the capillary net-work are dilated far beyond

the size of the ordinary capillaries.

The number of capillaries in a given space of

a muscle, or their degree of closeness is partly

regulated by the size of the fibres ; and accord-

ingly in the muscles of different animals it is

found that, when the fibres are small, the vessels

are numerous and form a close network, and
vice versa : in other words, the smaller the

fibres, the greater is the quantity of blood sup-

plied to the same bulk of muscle. In confor-

mity with this, we see that in birds and
mammalia, in which the process of nutrition

is active, and where the rapid change requires

a copious supply of material, the muscular

fibres are much smaller and the vessels more
numerous than in cold-blooded animals, in

which the opposite conditions prevail.

Lymphatics.—So far as is known
there are no lymphatic vessels in the

voluntary muscles, although there is an
abundant supply in their connective tissue

sheaths and tendons, and the lymphatic

vessels here would seem, as pointed out by
Ludwig and Schweigger-Seidel, to serve

the pm-pose of collecting and conveying awaj the lymph from the muscular
substance. How the fluid reaches the lymphatic vessels of the sheath is

not certainly known : it may be by the medimn of the intercommuni-
cating spaces of the connective tissue which penetrates between the
fasciculi and fibres of the muscle.

Nerves.—The nerves of a voluntary muscle are of considerable size.

Their branches pass between the fasciculi, and repeatedly unite with
each other in form of a plexus, which is for the most part confined to
a small part of the length of the muscle, or muscular division in which
it lies. From one or more of such primary plexuses, nervous twigs
proceed, and form finer plexuses composed of slender bundles, each con-
taining not more than two or three dark-bordered nerve-fibres, whence
single fibres pass off between the muscular fibres and divide into

Fig. 128.

—

Capillary vessels of
MUSCLE, MODERATELY MAGNI-
FIED. (E.A.S.)
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branches which are finally distributed to the tissue. The mode of final

distribution will be described with the general anatomy of the nerves.

Nerves of small size accompany the branches of blood-vessels within

muscles ; though destined for the vessels, these nerves are said sometimes

to communicate with the proper muscular plexuses.

DEVELOPMENT OF VOLUNTAKY MUSCULAE TISSUE.

Most of the voluntary muscles of the body are developed from a series of

portions of mesoderm which are early set aside for this purpose in the embryo

and are termed the muscle-plates. The cells which compose these are similar in

most respects to those in the remainder of the mesoderm, but when the muscular

fibres are about to be formed the cells become elongated, and their nuclei multi-

plied so that each cell is converted into a long multi-nucleated protoplasmic

Fig. 129. Fig. 129. — DEVELOPiNa muscular fibkes.

;
HiaHLY MAGNIFIED.

A, elongated cell with two nuclei and a stria-

tion beginning do-mi one side of the cell (from
foetal sheep, Wilson Fox).

B, from fo3tus of 2 months
; p, granular proto-

jjlasm
; g, glycogenous substance ; 7i, nucleus

;

s, commencing sarcolemma, with striated muscu-
lar substance developing immediately beneath it.

C, from foetus of 3 mouths, displayed so as to

show the contractile substance collected at one
side of the fibre, and partially enclosing the un-
altered svibstance of the fibre, g ; f, fibrJls. B
and C from Ranvier.

fibre. At first the substance of the fibre is

not striated but is merely granular in ap-

\
S pearance, but presently it becomes longitu-

\ dinallj'- striated along one side (fig. 129, A),

/ and about the same time a delicate mem-
N brane, the sarcolemma, may be discovered

\ bounding the fibre. The longitudinal stri-

(
ation, which is the first indication of the
proper muscular substance, extends along

^. 1 the whole length of the fibre, but at first as
^ just intimated affects only a small part of its

breadth, the rest being fonned by a highly
glycogenic protoplasm containing the nuclei.

In due time, however, this conversion into

the proper muscular substance, further

shown by the appearance of cross stria3

(fig. 129, B and c), proceeds through the

whole thickness of the fibre, and the nuclei

take up their permanent position under-
neath the sarcolemma.
Schwann considered each fibre to be

formed by the linear coalescence of several cells ; but the researches of KoUiker,

Wilson Fox, and others, tend to establish the view, originally promulgated by
Remak, that the fibres are produced as above described by the elongation of

single cells, with differentiation of their contents and multiplication of their nuclei.

Growth..—The muscular fibres, after having acquired their characteristic form
and structure, continue to increase in size till the time of birth, and thencefor-

ward up to adult age. In a fuU-gi'own fcetus most of them measure twice, and
some of them three or four times their size at the middle of foetal life ; and in

the adult they are about five times as large as at birth. This increase in bulk of

the individual fibres would, of course, so far account for the concomitant enlarge-
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ment of the entire muscles. It is uncertain how faa: there may be a multiplication

or new formation of muscular fibres during the growth of a muscle.

Reg-eneration,—It is generally stated that after removal by the knife or by
disease striated muscular tissue is not regenerated, but that any breach of conti-

nuity which may occur in a muscle is filled up by a gi'owth of connective tissue.

It would appear, however, that the breach is eventually bridged across by muscu-
lar substance, the new muscular tissue in all probability being formed by the

growth of the old muscular fibres into the connective tissue which unites the cut

ends.

Nothing is certainly known about the actual process of waste and renewal

which must be continually occurring in so active a tissue as the one in question.

It is probable that in most cases the changes are molecular, and that the muscular
fibres are never removed i>i toto by absorption. But the case may be otherwise

in some animals, as, for example, in frogs, which in the winter season have
many of their fibres destroyed by fatty degeneration. According to Beale and
von Wittich these are replaced by the development of new fibres from cells

which lie between the existing fibres, by a process analogous to the original

development, but Weissmann and KoUiker state that the formation of new fibres

may take place by the splitting up of the old fibres along their whole length.

INVOLTJNTAEY MUSCLES.

The involuntaiy muscular tissue diflFers from the vohmtary kind, not
only in some of its physiological properties but also in its anatomical

characters ; for whilst in many parts it appears in the form of fibres,

these, except in the heart and a few instances of less note, are unmarked
by the cross lines so characteristic of the striped fibres ; moreover, the
apparent fibres are in reality made up of elongated contractile cells

cemented together by some kind of uniting medium. Microscopically

two kinds of involuntary muscular tissue are distinguished, viz, the

plain or tmstriped, and the cardiac tissue ; the latter may be regarded as

a form of tissue intermediate between the cross-striated voluntary fibres

and the plain involuntary muscular tissue,

PLAIN OK UNSTEIPED MUSCULAR TISSUE.

This, as has just been remarked, is made up of cells, named con^

tractile filre-celJs, which were first distinguished as the true elements
of the tissue by Kollikcr. The cells may form fibrous bundles, and
strata, or may be less regularly arranged, and the tissue occurs either

almost, pure or mixed mth other tissues in varying proportion. The
cells are of an elongated fusiform shape (figs. 130 and 131), usually

pointed at the ends. They are generally roundish or prismatic in

transverse section, but are sometimes more flattened. The cells vary
greatly in length according to the part or organ in which they are found.

Some occur which are cleft or forked at one or both ends. Their
substance is finely vacuolated and exhibits also a faint longitudinal

fibriEation. It is doubly refracting. Each cell has a nucleus {a, a),

rarely more than one, which is always elongated and either oval or rod-

shaped. Towards each end of the nucleus the substance of the cell

usually contains a few distinct gxanules arranged in linear series.

The nucleus shows the usual structure, having an intranuclear net
work (fig. 130, a). The involuntary fibre-cells can be shown to possess an
exceedingly delicate homogeneous sheath or envelope (fig. 130, b), and like

the sarcolemma of voluntary muscular fibres, this sheath is apt to be
wrinkled when the fibre is contracted, so that an indistinct appearance of
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striation may thus be produced. The cells are united by a small amount
of intercellular cementing substance which becomes stained by nitrate

of silver.

They are generally collected into larger and smaller fasciculi, which in

many cases cross one another and interlace. The fasciculi are attached

at their ends by connective tissue to the membranous and firmer parts

where they occm-. In some cases the attachment of the plain muscular

cells takes place by means of elastic fibres which bifurcate at the end of

Fig. 130. Fig. 131.

Fig. 130.

—

Muscular fibre-cells prom the muscular coat
OP THE SMALL INTESTINE, HIGHLY MAGNIFIED (E. A. S.).

A. A complete cell, showing the nucleus with intranuclear

network, and the longitudinal fibrillation of the cell-substance,

with finely vacuolated protoplasm between the fibrils.

B. A cell broken in the process of isolation ; the delicate

enveloping raembraneprojects at the broken end a little beyond
the substance of the cell (B is from a drawing by Mi-. R.
Boxall).

Fig. 131. —Muscular fibre-cells from human arteries,
MAGNIFIED 350 DIAMETERS (Kolliker).

a, a, nucleus ; h, a cell treated with acetic acid.

the muscular cell. The two branches extend along either side of this

and are firmly attached to it. In other cases again, according to

Watney, the attachment may take place through the medium of connec-

tive tissue corpuscles, the branches of which embrace the muscular cell

in like manner.
Distribution.—The plain muscular tissue is for the most part dis-

posed in the coats of the membranoiis viscera. It is met with in the lower

half of the gullet, the stomach, and the whole intestinal canal ; that is,
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iDoth in the imiscular coat of the alimentary canal, and also as a layer in

the tissue of the mucous membrane, and in the Yilli ; in the trachea and

bronchial tubes, in the bladder and ureters, and the ducts of the larger

glands generally, in the uterus and its appendages, in the corpora cavernosa

Fig. 132.

—

Muscular fibre- cells from the uterus three weeks

AFTER DELIVERY, TREATED WITH ACETIC ACID, MAGNIFIED 350

DIAMETERS (Kolliker).

a, nuclei
; 7, fat-granules.

of both sexes, in the prostate gland, in the spleen, in

the muscle of Miiller at the back of the orbit, and in

the cihary muscle and iris. The middle coat of the

arteries, the coats of many reins and those of the

larger lymphatics contain plain muscular tissue. In

the skin it is present in the ducts of the sweat

glands, in the fonn of minute muscles attached to the hair-

follicles, and in the dartos or subcutaneous tissue of the

scrotum. Numerous nerves, chiefly of the pale variety,

are supphed to this tissue ; before their ultimate distribu-

tion they very frequently come into connection with

microscopic ganglia. The tissue receives blood-vessels

but these are far fewer in proportion than those of

voluntary muscle. In some situations, as in the wall of

the stomach and intestine, abundant lymphatic plexuses

are found in close relation to the muscular layers.

Development.—The elements cf the plain

or unstriped muscular tissue are derived from
embryonic nucleated cells, consisting of the
usual granular protoplasmic substance. These
cells become lengthened out, pointed at the
ends, and flattened, with elongation of the
nucleus, v?hilst their substance becomes more
uniform in aspect, and acquires its permanent
condition and characteristic properties.

The great increase in the muscular tissue of
the uterus during gestation takes place both by
elongatipn and thickening of the pre-existing

fibre-cells of which that non-striated tissue

consists, and it is said also by the development
of new muscular fibre-cells from small, nu-
cleated, granular cells lying- in the tissue. In
the shrinking of the uterus after parturition
the fibre-cells diminish to their previous size

;

many of them become filled with fat granules
(fig. 132), and eventually many are doubtless
removed by absorption.

Fig. 132.

^-r

Fig. 133.

Fig. 133.

—

Six muscular fibre-
cells FROM THE HEART, MAGNI-
FIED 425 DIAMETERS. (E. A. S. )

a, line of junction between two
cells ; h, c, branching of cells.

From adrawing byMr. J. E.Neale.

CARDIAC MUSCULAR TISSUE.

The fibres of the heart (figs. 133, 134) differ remarkably from those
of involuntary muscular organs in general, inasmuch as they present
transverse strias. The stri^, however, are less strongly marked, and
less regular, and the fibres are smaller in diameter than'in the voluntary
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muscles. They diflFer also from these in being made np of distinct quad-

rangular cells (fig. 133) joined end to end and often presenting a branched
or forked appearance near one extremity (c). Each cell has a single clear

Fig. 134. Fig. 134.

—

Muscular fibres from the heart,
MAGNIFIED, SHOWING THEIR CROSS STRI^,
DIVISIONS, AND JUNCTIONS (Scliweigger-Seidel).

The nuclei and cell-junctions are only represented

on the right-hand side of the figure.

oval nucleus situate near the centre ; oc-

casionally two nuclei are seen. The cell

substance is striated longitudinally as well

as transversely, its substance appearing

to be composed of a number of parallel

columns or fibrils, which on transverse

section are seen as small polygonal areas.

An investing membrane or sarcolemma
has not hitherto been proved to exist on
these fibres.

The muscular fibres of the heart freely

divide and anastomose (fig. 134), the

junctions with neighbouring fibres being
effected by the medium of the cell-oflFsets

above noticed.
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NERVOUS SYSTEM.

The nervous system consists of a ceniral part, or rather a series of

connected central organs, named the cerelro-spinal axis, or cerelro-spinal

centre ; and of the nerves, which have the form of cords connected by
one extremity with the cerebro-spinal centre, and extending from thence

through the body to the muscles, sensible parts, and other organs placed

in functional relation with them. The nerves form the medium of com-
munication between these distant parts and the centre. One class of

nervous fibres, termed afferent ov cenfrijwtal, conduct impressions towards

the centre,—another, the efferent or centrifugal, carry motorial stimuli

from the centre to the moving organs.

Besides the cerebro-spinal centre and the nervous cords, the nervous

system comprehends also certain bodies named ganglia, which are con-

nected with the nerves in various situations. These bodies, though of

much smaller size and less complex nature than the brain, agree, in some
respects, mth that organ in their elementary structure, and to a certain

extent also in their relation to the nervous fibres with which they are

connected ; and this correspondence becomes even more apparent in the

nervous system of the lower members of the animal series.

The nerves are divided into the cerehro-spinal, and the sginpatlietk or

ganglionic nerves. The former are distributed principally to the skin,

the organs of the senses, and other parts endowed with manifest sensi-

bility, and to muscles placed more or less under the control of the will.

They are attached in pairs to the cerebro-spinal axis, and like the parts

which they supply are, with few exceptions, remarkably symmetrical on
the two sides of the body. The sympathetic or ganglionic nerves, on
the other hand, are destined chiefly for the viscera and blood-vessels, of

which the motions are involuntary, and the natural sensibility is obtuse.

They difPer also from the cerebro-spinal nerves in having generally a

greyish or reddish colom*, in their less symmetrical arrangement, and
especially in the circumstance that the ganglia connected with them are

much more numerous and more widely distributed. Branches of com-
munication pass from the spinal and several of the cerebral nerves at a
short distance fr'om their roots, to join the sympathetic, and in these

communications the two systems of nerves mutually give and receive

nervous fibres ; so that parts supplied by the sympathetic may be also in

nervous connection with the cerebro-spinal centre.

The nervous system is made up of a substance proper and peculiar to

it, with inclosing membranes, nutrient blood-vessels and supporting

connective tissue. The nervous sulstance has been long distinguished

into two kinds, obviously differing from each other in colour, and there-

fore named the ivkite, and the grey or cineritious.

"When subjected to the microscope, the nervous substance is seen to

consist of two different structural elements, viz., fibres and cells. The
fibres are found universally in the nervous cords, and they also constitute

the greater part of the nervous centres : the cells on the other hand are

confined in a great measure to the cerebro-spinal centre and the ganglia,

and do not exist generaUy in the nerves properly so called, although they
have been found at the terminations of some of the nerves of special

sense, and also interposed here and there among the fibres of particular
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nerves ; they are eontained in the grey portion of tlie brain and spinal

cord, and in the ganglia.

NEBVE-FIBRES.

T^YO kinds of nerve-fibres are met with in the body, differing

from one another both in their microscopical character and in their

more obvious aspect : those of the one kind have received the name of

lohite fibres, on account of the appearance which they present when
collected in considerable numbers, as in the nerve trunks or white

matter of the nerve centres, the others being denominated grey fibres.

Fig. 136.

Fig. 135.

—

White or MEorLLATED nerve-fibres, showing the sinuous outiine
AND DOUBLE CONTOURS (after Bidder and Volkmann).

Fig. 136. A SMALL PART OP A JIBDULLATED FIBRE HIGHLY MAGNIFIED (E. A. S.),

The fibre looks in optical section like a tube—hence the term tubular, formerly

applied to these fibres. Two partial breaches of continuity are seen in the medullary

sheath, which at these places exhibits a tendency to split into laminje. The primitive

sheath is here and there apparent outside the medullary sheath, and the delicate striaj

which are visible in the middle of the fibre probably indicate the fibrillated axis-cylinder.

When examined with the microscope it is found that this difference of

aspect depends upon the presence or absence of a peculiar sheath to the

fibre, formed of a kind of fatty substance, this fatty or medullary sub-

stance, as it is termed, giving a dark double contour to the white fibres

(when seen by transmitted light), which is altogether absent fi-om those

of the other kind. On account of this the white fibres are also known
as the darlc-hordcrecl or medullated fibres, the grey fibres being termed

in contradistinction the pctle or non-meduUated fibres, or from their

discoverer, i\iQ fibres of Rcmalc.
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The meduUated nerve-fibres form the white part of the brain, spinal

cord, and nerves, and give it its white opaque aspect. Viewed singly

under the microscope with transmitted light they are transparent, and,

as before stated, are characterised by their well-defined even outline and,

except the smallest, by their double contour, which gives them a tubular

aspect.

Their size differs considerably even in the same nerve, but much more
in different parts of the nervous system ; some being as small as the

Y20 o*h ^^^ others upwards of the ttVo^^ o^ ^^ i^^^ i^ diameter ; more-
over, the same fibre may change its size in different parts of its com'se,

and it is generally smaller at its central and peripheral ends.

Fig. 137.

Fig. 137.

—

Yauicosb medullated fibres from the root of a spinal nerve (from

Valentin).

Fig. 13S.—B. Diagram to show tlie parts of a medullatecl fibre, viz., 1, 1, outer or
primitive skeath enclosing the doubly contoured ^chite substance or medullary sheath.

2, a part where the white substance is interrupted the outer sheath remaining. 3, axis
cylinder projecting beyond the broken end of the tube. 4, part of the,contents of the
tube escaped.

Many of the medullated nerve-fibres appear dilated or swollen out at

short distances along their length, and contracted in the intervals between
the dilated parts. These fibres, however, are naturahy cyhndi'ical Hke
the rest, and continue so while they remain undisturbed in their place ;

and the varicose character is occasioned by pressm'e or traction during
the manipulation, which causes the soft matter to accumulate at certain
points, whilst it is drawn out and attenuated at others (fig. 137). The
fibres in which this is most apt to occur are usually of small size,

ranging fi-om tt^0 o^^ to s-qVo*^^^ of an inch in diameter ; and when a
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very small fibre is thus affected, the varicosities appear like a string of

globules held together by a fine transparent thread.

The medullated fibres are composed for the most part of three distincf

structures, viz., an axial fibre (the cylinder-axis of Purkinje), enclosed

within two sheaths, one of these being the medullary sheath already men-
tioned, and the other a delicate membranous tube outside of all, termed the

nucleated sheath of Schwann, the primitive sheath, or simply, the outer

sheath. But there are medullated fibres in which the j)rimitive sheath

is absent, and other fibres and prolongations of fibres in which there is

no sheath whatever to the axis-cylinder. But the latter is always present,

and is indeed the chief functional constituent of the nerve-fibre. The
several parts of which the nerve-fibre is composed may now be described

in detail.

Axis-Cylinder.—The essential part of every nerve-fibre, is a pale

and somewhat indistinct strand, which runs in the axis of the fibre and
is termed the axis-land, axial-fihre, or more commonly the axis-

cylinder (fig. 138, 3 ; and 139, c). This essential part is usually inclosed.

Fiff. 139. Fig. 140.

A

Fig. 139.—Two PORTIONS of medullated nerve fibres, after treatjiext with
OSMIC ACID, SHOWING THE AXIS-CYLINDER, AND THE MEDULLARY AND PRIMIXIVS
SHEATHS (Key and Retzius).

A. Node of Ranvier. B. Middle of an internode with nucleus.

c, axis-cylinder, projecting at the broken end ; p, primitive sheath within which the
medullary sheath, which is stained dai-k by the osmic acid, is somewhat retracted.

Fig. 140.

—

Part of an axis-cylinder, highly magnified, showing the varicose
FIBRILS COMPOSING IT (Max Schultze).

as just mentioned, in one or more sheaths, but these are not always
present, especially at the origin and termination of a nerve-fibre ; and
even in the course of the fibre they may be interrupted at intervals.

The central axis, on the other hand, undergoes no interruption along the
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whole course of the nerve, from the nerve-centre to the peripheral dis-

tribution. It appears further to be clearly established that the axial

fibre of a nerve is in nearly every case a direct prolongation of a branch

of a nerve- cell situated in one part or another of the nerve-centre.

It is therefore to be looked upon in the light of a far-extending cell

process ; and the study of the development oi the nerve-fibre affords a

direct confirmation of tliis view of its nature.

In the fresh state, and under high powers of the microscope, the axis-

cylinder presents an appearance of longitudinal striation, indicating a

fibrillar structure (fig. 140) ; and at the termination of the nerves it

may often be seen to separate into a number of exquisitely fine

filaments or fibrils. These, the jjrmitive fihriUm of Max Schidtze,

are embedded in a homogeneous or finely-granular material, and may
with some reason be regarded as constituting the essential or con-

ducting part of the axis-cylinder, and therefore of the nerve : at least, it

frequently happens that they form the only portion of the nerve-fibre

that is jjrolonged to the ultimate termination. The fibrils often exhibit

minute varicosities which are highly characteristic iu appearance.

The axis-cylinder appears to be invested with a very delicate

structureless sheath.

It was shown by Fromann tliat after treatment with, nitrate of silver and
subsequent exposure to the light the axis-cylinder becomes stained ia such a

manner as to exhibit a distinct cross-striated aspect, but it is not known
whether this depends upon any structural feature of the fibre or not.

It is not always easy to distinguish the axis-cylinder in the meduUated fibres

when they are examined in the fresh condition, but it can generally be made
manifest by staining the nerve with carmine or hasmatoxylin. In a transverse

section of a nerve thus stained the axis-cylinders appear in the form of round
darkly coloured dots in the centre of the fibres.

Medullary Sheatli.—The substance of the medullary sheath (which

was termed the white substance by Schwann on account of its presence

heing the chief cause of the whiteness of the nerves), undergoes peculiar

changes on exposure of the nerve to the action of water and other fluids,

so that the outhne of the fibre is often rendered uneven ; round and
irregular spots appear at various ]3oints, the medullary sheath acquiring

eventually a confusedly curdled aspect.

The thickness of this sheath varies within wide limits, and indeed this

is the chief cause of the variation in size of the meduUated nerve-fibres,

although the axis-cylinder may also vary in diameter to a considerable

extent. In some fibres, the medullaiy substance forms an exceedingly

thin layer, so as to be scarcely distinguishable except by the darker

outline which it imparts to the fibre, or it may only occur in parts, these

alternating irregularly with other parts in which there is a complete

absence of white substance. Such fibres, which are very common in

some parts of the sympathetic system (fig. 152, m, m), maybe regarded

as transitional between the white and the grey fibres.

Nodes and internodes of Ranvier.—It was shown by Eanvier, that

there constantly occur in the peripheral meduUated nerve-fibres breaks

in the continuity of the white substance, which succeed one another

at regular intervals along the course of the nerves ; and give the

fibres the appearance of being constricted at these places. The
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constrictions or nodes of Ranvier, as they may conveniently be termed,

divide the fibre into a series of internocles of nearly equal length.

The segmentation is readily made apparent by the action of a

141. Fig- 141.

—

Portions of two nerve-fibres stained with

p OSMIC acid (from a young rabbit). 425 DIAMETERS
(E. A. S.).

E, R. Nodes of Ranvier, witli axis-cylinder passing through.

a, Primitive sheath of the nerve, c, Opposite the middle of

the segment indicates the nucleus and protoplasm lying between
the primitive sheath and the medullary sheath. In a the

nodes are wider, and the intersegmental substance more appa-

rent than in b. (From a drawing by Mr. J. E. Neale.

)

\i^
solution of osmic acid, which leaves the nodes (fig.

141, E, E ; fig. 142, e) almost colomiess, while the

medullary sheath, or white substance of Schwann,
becomes stained of an inky black colom*.

The white substance of the medullary sheath is

often found to have shrunk somewhat in the
neighbourhood of a node (fig. 139, a), and it can
then be seen that there is present, in addition

to it, a clear or finely gTanular stroma, which
has become evident in consequence of retraction

of the fatty substance which normally pervaded it.

The outer membranous sheath of the fibre ap-
pears to be continued over the nodes, for when a

meduUated fibre is examined in water and the sub-

tance of the meduUary sheath exudes from the cub

ends of the nerve-fibres, it is found that the place

of that which thus escapes is taken by the white

substance from the next internode ; and this

substance may be seen to flow past the constric-

tions of Eanvier without escaping at those points.

Outside the primitive sheath the internodes are

cementing substance—the

of Eanvier — which, like

elsewhere, becomes stained

The last-named reagent

stains also the axis-cylinder in the neighbour-

hood of the node, so that the fibres after this

reatment appear marked with little crosses (fig.

151) ; the transverse limb of the cross being due
to the ring of intersegmental substance, the longi-

tudinal to the axis-cylinder. Many other fluids

stain the axis-cyHnder at the nodes only, being

prevented from reaching it elsewhere owing to the

presence of the fatty matter in the surrounding

medullary sheath.

Engelmann argues in favour of a discontinuity of the

axis-cylinder (as -well as of the medullary sheath) at

the nodes of Ranvier, basing his argument partly on the immediate degeneration

which, results when a nerve-fibre is cut, partly on appearances obtained after a

united by a disc of
" constricting band "

intercellular substance

by nitrate of silver.
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certain method of treatment witli nitrate of silver, the dark deposit charac-

teristic of inter-cellular substance traversing, according- to his account, the

Fig. 142.—MEDriLATED NEKVE-FIBRE TREATED WITH 0S3IIC ACID (Key and
Retzius.

)

A node of Eanvier (E) and a nucleus (K) is represented. TLe medullary

sheath appears broken up into a number of segments with conical or

funnel-shaped ends fitting into one another.

thickness of the axis-cjlinder at the nodes. But such a view Avould

require far stronger evidence than has yet been brought forward
before it can be accepted, for it is opposed to the best ascertained

facts with regard to the development and regeneration of the axis-

cylinder.

In the middle of each internode an oval nucleus lies

embedded in the medullary sheath (figs. 139, b, 141, c,

142, k), these nuclei will be described with the primitive

sheath.

Medullary segments.—Other breaks of continuity are seen in

the medullary sheath (fig. 136) which are of an entirely different

nature from the nodes of Ranvier ; indeed it is somewhat uncertain

how far they correspond to a pre- existent structure in the fibre. In
consequence of their presence the medullary sheath almost con-

stantly appears as if made up of a number of small cylindrical

segments with either conical or funnel-shaped ends which fit in with
one another in the alternate segments (fig. 142), and the parts in

question have since been frequently described as integral con-

stituents of the medullary sheath (Lantermann, Schmidt and
others). It is easy to convince oneself of the reality of the appear-

ances here mentioned, but it is far less easy to be certain that

they are not artificial productions. Against the view of their ex-

istence in the natural condition it is to be noted that they are

extremely variable in number and in size in a given length, even
of the same nerve-fibre, that they appear to become increased in

number if the nerve-fibre have been subjected to much manipula-
tion, that they have no constant relation, so far as can be made
out, to the other parts of the medullated fibre, and that, according
to the testimony of several careful observers, they are not to be seen
in the nerve-fibres of the living animal, rmless these have been
subjected to an abnormal amount of traction or other mechanical
injmy. This last assertion is denied, however, by others, who
maintain the pre-existence of the medullary segments, and describe

them and the oblique clefts which separate them as definite parts of
the sheath.

Rod-like and reticular structures in the medullary sheath..—
It was shown by McCarthy that after a nerve has been hardened
with chromate of ammonium (picric acid is still better adapted for the
purpose) the medullary sheath appears pervaded with minute rod-
like structures which pass radially between the axis-cylinder and
the primitive sheath in such a manner as to give the cross-section
of a nerve-fibre the appearance of a wheel. The rods stain with
carmine and htematoxylin, which do not colour the fatty substance
of the medullary sheath. In nerves stained with osmic acid (in
which these structures were first detected by Lantermann) they are
far less easily seen, in consequence of the dark colouration of the
fatty substance in which they are embedded. The rods are probably
not distinct from one another, but in reality united laterally so

Fig. 142.
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as to form a close neWork, for if the nerve be first placed in strong alcoliol and
then subjected to tlie action of staining fluids it will be found that the rod-like

structures are no longer visible but the medullary sheath appears pervaded instead

by a finely reticular structure. The network thus obtained is considered by
Kiihne and Ewald, who first drew attention to it, to be chemically of a horny
nature, on account of the resistance it offers to reagents, and especially to

digestive ferments ; and they further describe it as continuous with two ex-

ceedingly delicate membranes of a similar nature one immediately investing

the axis-cylinder and the other lining the primitive sheath. Ranvier on the other
hand describes the medullary sheath as bounded both towards the axis-cylinder

and towards the primitive sheath by fine layers of protoplasm, and he regards
these as being connected with one another by protoplasmic septa, which lie in

the intervals between the conico-cylindrioal segments of the medullary sheath.

It will be seen from tlie above that there is still much diversity of

opim'on with regard to the minute structure of the medullary sheath of the

nerves. As to its chemical composition the white substance or myelin,

consists chiefly of protagon (or of its derivatives lecithin and neurin) to-

gether with cholesterin and one or two other substances in less amount.
When escaped from the nerve-fibres it forms drops either rounded or

irregular in shape, which always show the double contour which is so

characteristic of the medullatecl nerve-fibres, the appearance being due
to the peculiar manner in which myelin refi'acts the light. In con-

tact with water it combines with that fluid, and as a result of the im-

bibition the myelin-drops undergo a considerable increase in bulk,

accompanied by remarkable changes of form, often gTowing out into

tube-like filaments for a considerable distance into the fluid. In this

behaviour myelin is not peculiar but resembles certain other substances

of a fatty and resinous nature.

Sheath of Schwann, Outer or Primitive Sheath.—The nucleated

sheath of Schwann forms the outermost covering of the white nerve-

fibres. It presents the appearance of a delicate homogeneous membrane
with nuclei disposed at intervals along its inner surface. As already

mentioned these nuclei bear a definite relation to the constrictions

or nodes of Ranvier, for they lie about midway between the nodes, only

one nucleus being found in each internode (fig. 141). The nuclei are

oval and sometimes flattened, they usually lie in a depression of the

medullary sheath, and at each end of the nucleus, especially in young-

nerves, there is a small amount of granular protoplasm which may
spread for a short distance between the primitive and the medullary

sheath. The primitive sheath turns in at the nodes and closely sur-

rounds the axis-cylinder as this passes from one segment to the other.

So long as the primitive sheath is accurately filled by the contained

medullary substance its outline can seldom be distinguished, but some-

times, when ,the white substance separates at various points from the

inside of the tube, the contour of the fibre becomes indented and ir-

regular, and then the membrane of the tube may, in favourable circum-

stances, be disceimed as an extremely faint line, running outside the

deeply shaded border formed by the white substance.

In the white fibres of the brain and spinal cord the nucleated sheath

is absent, and these are only invested by a medullary sheath in which
nodes of Ranvier have not been detected. In consequence of the

absence of the comparatively tough primitive sheath the fibres from
these situations cannot be isolated for any distance without rupture, and
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it is found that for the same reason the medullary sheath readily breaks

away from the axis-cyhnder, so that this is thus left bare.

Fig. 143. POKTION OF THE NETWORK OF FIBRES OP

REMAK FROil THE PNErilOGASTRIO OF THE DOG

(Kanvier).

n, Duclens ; p, protoplasm sun-ouncling it ; 6,

striatiou caused by fibrils.

Pale or non - niedullated fibres ;

ribres of Remak.—These occur prin-

cipally in branches of the sympathetic

nerve, but they are found also iu greate

or less amount in the cerebro-spinal nerves.

They are exceedingly pale, faintly striated

fibres of varying size, which exhibit nuclei

at fi-equent intervals. The nuclei are ap-

plied to the surface of the fibre, and, ac-

cording to the generally received account,

belong to a delicate homogeneous sheath,

like the primitive sheath of the medullated

fibre. It must be admitted, however, with

Eanvier that it is difficult or impossible to

exhibit the sheath, and if this is the case,

the nuclei must be regarded as embedded

in the peripheral layer of the fibre itself,

and as belonging to this. The fibres in

question differ also fi-om the medullated

fibres in being fi-equently branched and

imited with neighbouring fibres, so as to

form a network along their course ; a

condition which is never found in the

course of the medullated nerves. The
branches of the olfactory nerve consist

wholly of pale fibres, but these are dif-

ferent fr-oni the ordinary pale fibres in

being provided with a distinct nucleated

sheath. ^

Fig. 143.

NEEVE-CELLS.

These are found in the grey matter of the brain and spinal cord and
in the ganglia ; they exist also in some of the nerves of special sense

near their terminations, and occur here and there in the course of certain

other nerves. They are often named ganglion-cells.

In shape, nerve-cells vary greatly. Thus they may be spheroidal or
ovoidal with a, general even outline, or they may be of an angular or
irregular figure, and it is found that the nerve-cells have a characteristic

shape in certain parts of the nervous system. For example, the cells

from the spinal ganglia are generally of a rounded shape (see fig. 15G,

p. 157), those ft'om the sympathetic ganglia more angular (fig. 155),
those from the grey matter of the spinal cord of an exceedingly
irregular form, and provided with numerous branching processes (fig.
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144) ; those from tlie cerebral convolutions coniccal, those from r

particular layer of the grey matter of the cerebellum, flask-or retort-

shaped (fig. 145), and so on. The cells which are situated in the

course of peripheral nerves are often somewhat spindle-shaped, the two
jDoles of the spindle being prolonged into nerve fibres.

Fig. Ui.

Fig. 144. Two NERVE-CKLLS FROM THE SPINAL CORD OF THE OX, ISOLATED AFTER MACERA-
TION IN VERY DILUTE CHROMIC ACID. MAGNIFIED 175 DIAMETERS. (E.A.S.

)

Tilach cell has a well-defined, clear, round nucleus, and a large niicleolus. The cell

processes are seen to be finely fibrillated, the fibrils passing from one process into another

through the l)ody of the cell. A, from the anterior cornu of grey matter, large and
stellate, with numerous processes ; a, axis-cylinder process broken a short distance from

the cell. B, probably from the posterior cormi, more fusiform in shape and apparently-

destitute of an axis-cylinder process.

I
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Nerve-cells vary mucli in size as well as in shape. Many of the
nerve-cells in the body are very large, but there are others which are
quite small, and consist of little more than nuclei. The latter are
especially abundant in the deeper part of the grey matter of the
cerebellum, where they form what is known as the granule-layer.

Fig. 145.—Two NERVE-CELLS FKOjr Fig. 145.
THE CORTICAL GREY MATTER OP
THE CEREBELLUM. MAGNIFIED
260 DIAMETERS (K51]iker).

structure.— The nu-

cleus of a nerve-cell (fig.

144) is usually a large clear

round vesicle containing a

very distinct highly re-

fracting nucleolus, and, in

some cases, an intranuclear

net-work. The cell-sub-

stance is finely granular or

punctated, sometimes in-

distinctly striated. It fi'e-

Fig. 146.

—

Ganglion-cell op a frog, highly JTig. 14(5.

MAGNIFIED (Beale).

a,a, straight fibrs ; J), 6, coiled fibre ; c, smaller

one joining it.

quently has a brownish-red tinge, but be-

sides this, cells are often to be seen which
contain very distinct brown or yellow

coloured patches caused by an accumula-

tion of pigment granules. The colour is

deeper in adult age than in infancy.

Every nerve-cell has one or more pro-

cesses, and the cells are often named
according to the number of processes they

possess, uni-, bi-, and multi-polar ; terms
not perhaps well-chosen, but rendered

current by use. A fibrillation similar to

that in the axis-cylinder of a nerve-fibre is

visible in the cell-processes, and it may also

be traced passing from them into the body
of the cell and even through this fi'om one
process into another. Some affirm that they

have been able to trace a connection of

these fibrils with the nucleus of the cell,

but this is at present doubtful.

Nerve-cells which are entirely destitute of

processes have sometimes been described.

It is possible that such may exist, but there

is always a probability that these may be
cells, the processes of which have become
broken away during the manipulation required for isolation.

It has been shown that many cells have at least one of their processes

L 2
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prolonged as a nerve-fibre (axis-cylinder process). In the case of the

bi-polar cells, especially those of a spindle-shape with a process

from either end, both these processes are prolonged as nerve-fibres

(fig. 154): from another point of view the cell might be looked upon
as a nucleated enlargement interpolated in the course of the fibre.

Fig. 147. Fig. 147.

—

Axis-cylinder process op a nerve-cell
(i\I. Schultze).

X , X , Portion of nerve-cell from spinal cord of ox,

with axis-cylinder process, a, coming off from it and ac-

quiring at a a medullary sheatli. Highly magnified.

In other bi-polar cells in which the processes

come off on the same side of the cell, the

latter often has a pyi'iform shape (fig. 14G),

the fibres being prolonged from the stalk of

the pear and the nucleus of the cell being-

placed in the larger end. As was shown by
Beale, a peculiar arrangement of the two fibres

which are thus prolonged from these pear-

shaped cells is found, the one being generally

coiled spirally round the other for a certain

distance, after which the fibres separate and
take opposite directions. Cells of this kind are

met with occasionally in the sympathetic ganglia

both of the fi'og (where they were first dis-

covered by Beale) and of the mammal.
In multi-polar cells either one or more of

the cell-processes may be prolonged into nerve-

fibres. In the large ramified nerve-cells of the

anterior cornu of the spinal cord only one of

the many processes is prolonged into a nerve-

fibre. This is known as the axis-cylinder pro-

cess of Deiters (fig. 145, a, and fig. 147), and
is distinguished fi'om the other processes of the

cell by being unbranched and of a somewhat
clearer and more evenly fibrillated appearance

than the other processes, which branch again

and again, becoming finer as they proceed, until

they are eventually lost to sight in the grey
matter. Other multi-polar cells, many of those

in the sympathetic system for instance, possess

several nerve-fibre processes (fig. 155).

Sometimes these axis-cjdinder processes of a

nerve-cell, especially those in the sympathetic,

are continued along their whole course as pale

nerve-fibres. But in many cases, at a short dis-

tance from the body of the cell, they acquire a

medullary sheath and become in fact medullated

nerve-fibres (fig. 147, «')• I^i ^^^^ bi-polar cells (those at least of a pyri-

form shape), the one fibre may be prolonged as a pale fibre, the other as

a medullated fibre. In other instances both fibres may become dark-

bordered or both continue as pale fibres. In the uni-polar cells of the
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ganglia upon the posterior roots of the spinal nerves, and in some other

situations the single process (which may be much convoluted near the

cell and soon acquires a medullary sheath) bifurcates after a longer or

shorter course, and its two branches are eventually prolonged in opposite

directions along the nerve (fig. 156).

The nerve-cells in the brain and spinal cord resemble the nerve-fibres

in the same parts in being destitute of any nucleated sheath, but in the

ganglia each nerve-cell is inclosed in a membranous capsule, having

nuclei on its inner surface and apparently continuous with the

nucleated sheath of the nerve-fibre or fibres with which the cell is con-

nected (fig. 155).

Sustentacular tissue of the nerve-centres ; reticulum, neuro-
glia.—In the grey matter of the cerebro-spinal centre, the nerve-cells

appear at first sight as if imbedded in a sort of matrix of granular sub-

stance, interposed between them in greater or less quantity, and very

generally traversed by nerve-fibres. But it is very probable that the

appearance of granular or molecular matter results from a confused inter-

lacement of fine fibrils and especially of the fine ramifications of nerve-

cells : or from the crushing and breaking down of such fibres in the

process of examination.

Pig. 148.

—

Pakt op the heticulum from the spinal Fig. 148.

COED (Kolliker). Magnified 350 diameters.

The supporting substance which is met with

in the white matter of the brain and spinal cord

between the nerve-fibres also looks in section like

a network, although rather more open than that

in the grey matter. It was supposed by Kolliker

to be a form of retiform tissue and to be com-
posed of branched cells ; accordingly he named it

the reticulum of the nervous centres, but the

term neuroglia which was proposed by Virchow
has been more generally adopted. It is not, however, composed of cells,

although these may occm' in it, but it is rather of the nature of an
intercellular substance which occupies the interstices between the nerve-
fibres. The cells which are here and there found in it are flattened

and resemble small connective tissue corpuscles, and the neuroglia of

the nerve-centres has generally been regarded as consisting of connective

tissue ground-substance, especially since in many places it appears
fibrillated. Moreover, it is apparently in continuity with the con-
nective tissue septa which pass into the substance of the spinal cord
and brain from the investing sheath of pia mater. In the nerve-

' trunks, as we shall immediately see, the supporting tissue between the

nerve-fibres, which also in section has the appearance of a network, is

evidently composed of delicate connective tissue. By some authorities,

however, the neuroglia is regarded as of the same nature as the
intercellular substance of an epithelium, and the cells in it are con-
sidered to be analogous with the branched migratory ceUs which are

sometimes found in the intercellular substance of a stratified epithelium.

Kiihne and Ewald for similar reasons to those mentioned in speaking of the
network of the medullated sheath of the nerve-fibre, have concluded that the
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fine interlacement of fibres in tlie nerve-centres is also of a homy nature, and
they have accordingly termed it the " horny framework."

Such being the structural elements of the nervous substance, we have
next to consider the arrangement of the cells and fibres in the ganglia
and nerves which they contribute to form ; the intimate structure of the
brain and spinal cord being treated of in a subsequent part of this
work.

CONSTRUCTION OF THE NERVES OR NERVOUS CORDS.

The nerves are formed of the nerve-fibres already described, collected

together and bound up in sheaths of connective tissue. A variable

number of fibres inclosed in a tubular sheath forms a slender round cord

Fig. 149.

—

Section of the internal saphenous nerve (human), made after being
STAINED IN OSMIC ACID AND SUBSEQUENTLY HARDENED IN ALCOHOL. DllAWN AS SEEN

UNDER A VERY LOW MAGNIFYING POWER. (E. A. S.)

Ep, eiDineurium, or general sheath of the nerve, consisting of connective tissue

bundles of variable size sei^arated by cleft-like arcol», wliich appear as a network of clear

lines, with here and there fat-cells//, and blood-vessels v : per funiculus enclosed in its

lamellated connective tissiie sheath (perineurium,) ; end, interior of funiculus, showing
the cut ends of the medullated nerve-fibres, which are imbedded in the connective tissue

within the funiculus (endoneurium). The fat-cells and the nerve-fibres are darkly stained

hy the osmic acid, but the connective tissue of the nerve is only slightly stained.

of no determinate size, usually named a funiculus ; if a nerve be small

it may consist of but one such cord, but in larger nerves several funiculi

are united together into one or more bundles, which, being wrapped up
in a common membranous covering, constitute the nerve (fig. 149).
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Accordingly, in dissecting a nerve, we first come to an ontward covering,

formed of connective tissue, often so strong and dense that it might well be
called fibrous. From this common sheath we trace connective tissue

bundles passing between the funiculi, connecting them together as well as

conducting and supporting the fine blood-vessels which are distributed

to the nerve. But, besides the interposed areolar tissue which connects

these smallest cords, each funiculus has a sjDecial sheath of its own, as will

be immediately noticed.

The common sheath (fig. 149, e]i) and its sub- divisions consist of

connective tissue presenting the usual white and elastic constituent

fibres of that texture, the latter being present in considerable proportion:

frequently also a little fat is to be found. This common sheath has

received the name of eimwurium (Key and Eetzius) ; it was formerly

termed the " cellular sheath " {vagina cellulosa).

Fig. 150.

?ig. 150. -Part of a section of oue of the funiculi of the sciatic nerve of man.
Magnified (after Key and Retzius).

P, Perineimum, consisting of a number of closely arranged lamellas. En, processes from
the perineurium, passing into the interior of the funiculus, and becoming continnoiis with
the endoneurium, or delicate connective tissue between the nerve-fibres. The connective

tissue fibrils of the endoneurium are seen cut across as fine ^joints, often appearing to

ensheath the nerve-fibres with a circle of mimite dots (fibril-sheath of Key and Retzius).

Numerous nuclei of connective tissue cells are imbedded in the endoneurium ; v, section

of a blood-vessel.

The special sheath of a faniculus, termed the neurilemma orperineurmm
(fig. 140, per., 150, P.), is also formed of connective tissue, but is far more
distinctly of a lameUar nature, and indeed may be stripped off in the form
of a tube fi.-om the little bundle of nerve-fibres of which the funiculus

consists. The perineurium is not formed of a single lamella but of

several, which are separated from one another by interlamellar clefts

moistened with lymph. The separation is not everywhere complete,

for here and there bundles pass across, connecting the several lamellge.

Moreover, the outermost lamella is joined by connective tissue bundles

and laminae of the epineurium, and the innermost gives off flattened

prolongations (fig. 149, end), to form imperfect septa between the groups of

nerve-fibres within the funiculus.

Although the lamellse of the perineurium are very thin, each is formed
of at least three strata. Thus the main substance of the lamella is

composed of a connective tissue, in which both white fibres and elastic

elements are found, the white fibres having for the most part a transverse

disposition. The elastic elements lie in greater abundance nearer the
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surfaces of the lamella, and often occur in the form of patches or

incomplete membranes of elastic substance (fig. 73, p. 71), as well

Fig. 151. Kg. 151.—A poiiTioN of a small nerte-trunk
FROM THE THORAX OF A MOUSE, TREATED WITH
NITRATE OF SILVER (Eanvier). Magnified.

Cross markings are seen at tLe nodes, and the
layer of flattened epithelioid cells which covers

the surface is also brought into view.

as in the form of a fine network of fibres.

On both its sm-faces, each lamella is

entirely covered with a layer of ex-

ceedingly delicate flattened epithelioid

cells, which thus serve also to bound the
clefts between the lamellae. The out-

lines of the cells are brought into view
by the silver treatment (fig. 151).

The funiculi of a nerve although not
all of one size, are all sufficiently large

to be readily seen with the naked eye^

and easily dissected out from each
other. In a nerve so dissected into

its component funiculi, it is seen

that these do not run along the nerve as parallel insulated cords,

but join together obliquely at short distances as they proceed in their

com'se, the cords resulting fr'om such union dividing in their further

progress to form junctions again with collateral cords ; so that in fact

the funiculi composing a single nervous trunk have an arrangement with
respect to each other similar to that which is found to hold in a plexus

formed by the branches of different nerves. It must be distinctly under-

stood, however, that in these communications the medullated nerve-fibres

do not join together or coalesce. They pass off from one nervous cord

to enter another, with whose fibres they become intermixed, and part of
them thus intermixed may again pass off to a third funiculus, or go
through a series of funiculi and undergo still further intermixture ; but

throughout all these successive associations (until near the termination of
the nerve) the fibres remain individually distinct, Hke the tln*eads in a
rope.

The nerve-fibres are separated from one another, and supported within

the funiculus by delicate connective tissue, the fibrils of which run for

the most part longitudinally, aiDpearing in section as fine points (fig.

150). This tissue has been distinguished as the endoneurium by Key
and Retzius. It is continuous with the septa Avhich pass in as above men-
tioned from the innermost lamella of the perineurium, and it serves to-

suiDport also the capillary blood-vessels which are distributed to the nerve.

Lying alongside each other, the fibres of a funiculus form a little skein

or bundle, which runs in a waving or serpentine manner Avithin its-

sheath ; and the alternate lights and shadows caused by the successive

bendings being seen tln'ough the sheath, give rise to the appearance of

alternate light and dark cross stripes on the funiculi, or even on larger

cords consisting of several funiculi. On stretching the nerve, the fibres

are straightened and the striped appearance is lost. Both the peri-
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neurimn and endoneurinm accompany the nerves in all their di-^isions,

in some cases as far as their peripheral terminations. In the finest

branches the perineurimn generally becomes reduced to a single

connective tissue lamella, covered on both surfaces by epithelioid cells.

In this condition it is sometimes known as the sheath of Henle.

Both the cerebro-S]3inal and the sympathetic nerve-trunks are con-

structed in the manner above described, but the fibres of the cerebro-

spinal nerves are chiefly of the white or medullated kind, while in nerves

belonging to the sympathetic system non-meduUated fibres for the most
part jjreponderate. But very few nerves are composed exclusively of one
or the other kind of fibre.

The cerebro-spinal nerve-trunks and their branches always present a

brilliant whitish aspect, whereas the sympathetic nerves vary in

appearance, some being whiter, others grey or reddish in colour. The
more grey-looking branches or bundles consist of a large number of

the pale fibres mixed with a few of the medullated kind (fig. 152) ; the

whiter cords, on the other hand, contain a proportionally large amount of

Fig. 152.

Fig. 152.—A SMALL BUNDLE OF NERVE FIBRES ER03I THE SYMPATHETIC NERVE. (Key
and E.etzius.)

The bundle is composed of pale nerve-fibres, with tlie exception of tlie fibre m., m,
whicb is enclosed here and there by a thin medullary sheath ; n, n, nuclei of pale fibres.

meduhated fibres, and fewer of the gTey ; and in some parts of the nerve

grey fasciculi and white fasciculi, respectively constituted as above

described, run alongside of each other in the same cords for a consider-

able space without mixing. This arrangement may be seen in some of the

branches of communication with the spinal nerves, in the trunk or cord

which connects together the principal chain of sympathetic ganglia, and
in the primary branches proceeding from thence to the viscera. In the

last-mentioned case the different fasciculi get more mixed as they

advance, but generally it is only after the white fascicuK have passed

through one or more gangha that they become thoroughly blended with

the grey ; and then, too, the nervous cords receive a large accession of

grey fibres (apparently derived from the ganglia), which are mixed up
with the rest, and take offmore and more from their whiteness.

Differences are observed among the cerebro-spinal nerves in the pro-

portionate amount of the two kinds of fibres which they respectively

contain, and in the size of their white fibres. Yolkmann and Bidder
showed that whereas nerves going to voluntary muscles are chiefly
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composed of large fibres, those distributed to the integuments have
many small ones, and have also a larger proportion of grey fibres, more-
over the anterior roots of the spinal nerves which are composed almost

exclusively of motor fibres contain more large fibres in proportion than

do the posterior or sensory roots. The vagus nerve contains a con-

siderable proportion of grey fibres.

Vessels and Iiymphatics.—The blood-vessels of a nerve after

dividing into small branches in the epineurium and giving offsets to

the groups of fat-vesicles which are there met with, pierce the layers

of the perineurium obliquely, being supported by the connective tissue

bundles which unite the lamella, and conducted into the interior of the

faniculus along the septa before mentioned. Here they break up into

fine capillaries which for the most part run parallel with the fibres, but

are connected at intervals by short transverse branches, thus forming a

network with long narrow meshes. Some of the capillaries may be

observed to form loops. Lymphatic vessels are found in the epineurium,

but within the funiculi there are no distinct vessels for the conveyance

of lymph. It is found however that coloured fluid which is injected by
means of a fine cannula into the interior of a funiculus finds its way
into the lymphatics of the sheath after passing through the clefts

between the lamellge of the perineurium, so that undoubtedly a connec-

tion exists between these perineural clefts and the lymphatic system.

Course of tlie nerve-fibres in tke nerve-trunks.—Neither in

their course along the nervous cords, nor in the white part of the nerve-

centres, do the meduUated fibres anastomose together, nor are they

observed except in rare instances to divide into branches until they ap-

proach their termination. But the nerve-trunks themselves continually

ramify, and the branches of different nerves not unfrequently join with

one another. The branches are of course formed by collections of nerve-

fibres and it follows therefore that when two branches of nerves join,

fibres pass from the one nerve-trunk to become associated with the other

in their further progress, or the communication may be reciprocal, so that

after the junction each nerve-trunk contains fibres derived from two
originally distinct sources. In other cases the branches of a nerve, or

branches derived from two or from several different nerves, are connected

in a more complicated manner, and form what is termed a plexus. In
plexuses—of which the one named " brachial " or " axillary," formed by
the great nerves of the arm, and the " lumbar " and " sacral," formed by

those of the lower limb and pelvis, are appropriate examples—the nerves

or their branches join and divide again and again, interchanging and
intermixing their fibres so thoroughly that, by the time a branch leaves

the plexus it may contain fibres from several or even from all the nerves

entering the plexus. Still, as in the more simple communications
ah-eady spoken of, the fibres, so far as is known, remain individually

distinct tlu'ou2;hout.

In some instances of nervous conjunctions certain collections of fibres, after

passing from one nerve to another, take a retrograde course in that second nerve,

and, in place of being distributed peripherally Avith its branches, turn back to its

root and rejoin the cerebro-spinal centre. An instance of this occurs, as shown by
Volkmann, in the connection between the second and third cervical nerves of the
cat, in that of the fourth cranial nerve with the first branch of the fifth, and of
the cervical nerves with the spinal accessory and the descendens noni.
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CONSTEtrCTION OF THE GANGLIA,

Situation.—Ganglia are found in the following situations—viz. : 1.

On the posterior root of each of the spinal nerves ; on the corresponding

root of the fifth nerve of the encephalon ; and on the facial, glosso-

pharyngeal and pneuniogastric nerves ; also on the branches of certain

cerebro-spinal nerves. 2. In a series along each side of the vertebral

column, connected by nervous cords, and constituting what was long

considered as the trunk of the sympathetic. 3. On branches of nerves,

especially of the sympathetic ; occurring numerously in the abdomen,

thorax, neck, and head ;
generally in the midst of plexuses, or at the

point of union of two or more branches. Those which are found in

several of the fossas of the cranium and face are for the most part placed

at the junction of fine branches of the sympathetic with branches,

usually larger, of the cerebro-spinal nerves.

The ganglia difier widely from each other in figure and size : most of

those which have been longest known to anatomists are conspicuous

objects ; but by the researches of Eemak and others, it has been shown
that there are numerous small or microscopic ganglia disposed along the

branches of nerves distributed to the heart, the lungs, and some other

viscera ; and also connected with fine plexuses of nerves between the

coats of the stomach and intestines.

Stmctxire.—G-angiia are invested externally with a thin, but firm

and closely adherent covering of connective tissue, continuous with the

epineural and perineural sheath of the nerves : this outward covering

sends processes inwards through the interior. A section carried through
a ganglion in the direction of the nervous cords connected with it, dis-

closes collections of nerve-cells, between which the nerve-fibres pass

153.—^LoNGITtTDIBTAL SECTION THEOUGH THE MIDDLE OF A GANGLION ON THE POS-
TERIOR KOOT OF ONE OF THE SACRAL NERVES OF THE DOG, AS SEEN UNDER A LOW
MAGNIFYING POWER. (E.A.S.)

a, Nerve-root entering the ganglion ; b, fibres leaving the ganglion to join the mixed
spinal nerve

; c, connective tissue coat of the ganglion ; d, principal group of nerve-
cells, v'ith fibres passing clown from amongst the cells, probably to unite with the
longitudinally coursing nerve-fibres by T-shaped junctions (see text).

(fig. 153). The nervous cords on entering lay aside the perineural
sheaths, which become merged into the general connective tissue of the
organ

; and spread out into smaller bundles, between which the



156 NEEVOUS SYSTEM.

ganglion-cells are interposed ; and the fibres are gathered np again into

cords, furnished with perineural sheaths, on issuing from the ganglion.

Fie 154. A EIPOLAK, NEUVE-CELL, 'WITH ITS POLKS PKOLONGED INTO
m::dullatei> nerve-fibres (Key and Ketzius).

The whole

Kanvier.

is invested by the primitive sheath. li, E, nodes of

The nerve-cells have mostly a round, oval, or pyriform

figure. Each cell is inclosed in a transparent capsule with

nuclei upon its inner surface, (figs. 155, 15G) ; these capsules

are continuous with the primitive sheaths of the nerves CM.
Schultze).

Fig. 155.

Fig. 155.—A ganglion-cell -within its sheath ; from the human
SYMPATHETIC. HiGHLY MAGNIFIED. (Key and Eetzius.

)

,0f the relation between the nerve-fibres in a ganglion -and

the ganglion-cells, it is probable that some fibres may jiass

through without being connected with the cells, but that

every nerve-cell is connected Avith a fibre or with fibres. In

the case of multi-polar cells (fig. 155), such as are found in

the sympathetic ganglia, each of the branches of the cell is in

all probability continuous with a nerve-fibre, and the same

is certainly the case with bipolar cells, at least those in which

the two poles are prolonged from opposite extremities of the

cell as in the spinal gangha of fish (fig. 154), as well as
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in the pyriform cells before noticed (see p. 148, and fig. 14G) in which
two processes arise from a part of the cell near one another, and are

continued in opposite directions, either at once, or after the one fibre

has made two or more spiral coils around the other or straight fibre.

Uni-polar cells are found in the spinal ganglia of the higher vertebrates

(fig. 156). In them the single nerve-fibre process is observed to divide

before long into two fibres (d), which traced far enough are found to

pass in opposite directions toward the ends of the ganglion. Some-
times the branches are of equal size, but they are often unequal, one
being decidedly smaller than the other. As in all cases of a division

of a meduUated nerve-fibre, the bifurcation takes place at a node of

J?ig. 156. Two NERYE-CELLS FROM A Fig. 156.

SPINAL GANULION (HUMAn) CRetzius).

s7t, Nucleated sheath. ; n, ii, nuclei of

tlie primitive steath of the nerve. From
each cell a fibre can be seen to arise, and
iifter a convoluted coui-se on the surface of

the nerve-cell, to bifurcate (opposite d)
;

from which point the divisions pass either

in the opposite direction to one another, as

in A, or at first in the same direction as

in B. The nuclei of the sheath of the

nerve-cell are all represented in B, but
tDuly those seen in x-Tonle have been
represented in A.

E,anvier, and this may be the first

node from the cell, or the nerve-

fibre may pass two or three or-

more nodes before thus dividing.

The cell-process, which usually

acquires its medullary sheath very
soon after leaving the cell, is

often convoluted over the surface

of or around the cell ; this is

especially the case in the human
spinal ganglia. Its bifmcation,

or in other words its junction

with a nerve-fibre traversing the

ganghon is often T-shaped.

These T-shaped divisions were
first noticed by Ranvier. They
have been found by Eetzius in the
spinal ganglia of all classes of vertebrates above fishes—where the cells

are bipolar hke that shown in fig. 154 ; and also in man, in the spinal
gangha, in the jugular and cervical ganglia of the vagus, the geniculate
ganglion of the facial and the Grasserian ganglion of the trigeminal

;

but not in the otic, the sphenopalatine, the "sub-maxillary and the ciliary
ganghon, the cells of ah of which are multi-polar, and hence resemble
those which are fomid in the sympathetic.

Cells which are- transitional in character between the bipolar cells of most
fishes and the unipolar cells with forked process of the higher vertebrates, seem
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to occur, as Freucl has shown, in Petromyzon, in which, in addition to the
ordinary bipolar cells, some of the cells have their two processes coming off quite
close to one another, and others are unipolar with a short single process T.^hich

soon bifurcates to form two nerve-fibres passing in opposite dii-ections.

OKIGINS OR EOOTS OF THE NEEVES.

The cerebro-spinal nerves, as already said, are connected by one ex-

tremity to the brain or to the spinal cord, and this central extremity

of a nerve is, in the language of anatomy, named its origin or root.

In some cases the root is single, that is, the faniculi or fibres by which
the nerve arises, are all attached at one spot or along one line or tract ;

in other nerves, on the contrary, they form two or more separate

collections, which arise apart from each other and are connected

Fig. 157. Fig. 157.

—

Roots of one
OF THE SPINAL NERVES
ISSUING FROM THE SPINAL
COED. (A. T.)

A, from before ; B, from
the side ; C, from above

;

D, the roots separated ; 5,

5, anterior root ; 6, 6, pos-

terior root with .ffangiion,

6'. The full description of

this figure will be found in

the chapter on the cerebro-

spinal nervous axis.

with different parts of

the nervous centre,

and such nerves are

accordingly said to

have two or more
origins or roots. In
the latter case, more-
over, the different

roots of a nerve may
differ not only in

their anatomical cha-

racters and connections, but also in function, as is well exemplified

in the spinal nerves, each of which arises by two roots, an anterior

and a posterior—the former containing the motor fibres of the nerve,

the latter the sensory.

The fibres of a nerve may be traced to some depth in the substance

of the brain or spinal cord, and hence the term " apparent or superficial

origin " has been employed to denote the place where the root of a nerve
is attached to the surface, in order to distinguish it from the " real or

deep origin " which is beneath the surface and concealed from view.

If the deep origin be traced out, it will always be found that the

nerve-fibres arise from jDortions of the grey substance of the nerve-

centre ; these portions of grey substance heing sometimes known as

the " nuclei of origin " of the nerve. In many cases it has been

shown that the individual nerve-fibres originate as prolongations of the
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nerve-cells in the grey substance (fig. 158), and where from the small-

ness of the cells, or the complexity of arrangement of the fibres it has not

been possible to trace any snch connection, it is probable that it exists none
the less. It is somewhat doubtful whether the nerre-fibres originate in

any other way than directly as cell-prolongations. The intermediate

substance of the gTey matter of the brain and spinal cord is pervaded
everywhere by an exquisitely fine network of nerve-fibrils, and it has

been supposed that on the one hand the ramified processes of the multi-

Fig. 158. RaJIIFIED NERYE-CEIL
FEOJI ANTEKIOR CORNU OF SPINAL

CORD OF 3IAX (from Gerlacli).

a, axis-cylinder process. 5, chimp
of pigment granules. Above the cell

is seen part of tbe network of fibrils

mentioned in the text.

jDolar cells lose themselves in

this network, and on the other

hand that some of the nerve-

fibres may take origin fi-om

the same general network. So
that there would be in this

way tlu'ough the intermediate

substance of the gTey matter a

general connection, not only

of the nerve-cells, but through
these and their axis-cylinder

processes also of the nerve-

fibres of the oerebro-spiual

system.

The fibres of origin of a

nerve on quitting the brain or

spinal cord are in most cases

collected into funiculi and
acquire the connective tissue-

sheaths above described. These
sheaths are in continuity with
the membranes investing the
brain and spinal cord, and their

relations will be better under-
stood after the membranes in
question have been described.

Fiff. 158.

TEEMixATioisr, OR Peeipheeal Disteibutiojs^, of Neeves.

It may be stated, generally, and apart from what may apply to special
modes of termination, that, in approaching their final distribution, the
fibres, medullatecl and non-medullated, usually divide into branches,
the division in the case of medullated fibres always occurring in the
situation of a node of Eanvier (fig. 1.'9). The axis-cyhnder participates
in the division ; and since the white fibres frequently lose their medullary
sheath shortly before they terminate, they are then represented by the
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axis-cylinder and its ramifications, altliough the primitive sheath maj
continue some Httle way along the branches after the medullary sheath
has ceased. By repeated division the fibres become smaller and smaller

;

but -whilst some of the resulting- small fibres may be simple, many arc

really bundles of exquisitely fine fibrils.

The fibres bear nuclei, which probably appertain to the prolongation
of the primitive sheath; the nuclei are common at the bifurcations of

the fibres, where they are of a triangular or irregular shape. These
pale fibres often join into plexuses ; but their ultimate disposition in

different parts Avill be treated of below. As has already been explained
the original dark-bordered fibres which thus undergo division and

Fig. 159.

—

Small brancf of a musculau nerve op the fkog, near its termina-
tion, SHOWING DIVISIONS OF THE FIBRES. MAGNIFIED 350 DIAMETEKS (Kolliker).

a, into two ; h, into three.

change, or which may proceed singly to end in a different and special

manner, are commonly provided Avith a tolerably strong connective tissue

sheath with nuclei, which, as it stands Avell ajjarfc from the dark borders

of the fibre, is very conspicuous (Henle's sheath). This is derived from
the perineurium Avhich incloses the funiculi of the nerve-trunks, and, as

these part into smaller collections and single fibres, undergoes a corre-

sponding division, and finally sends sheaths along single fibres. Within
the sheath of Henle fine longitudinal connective tissue fibres, with inter-

spersed corpuscles, are seen surrounding the nerve-fibre or fibres. This
tissue is a prolongation of the endoueurium.

In further treating of the termination of nerves, it mil be convenient

to consider the sensory and motor nerves separately.
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TEEMINATIONS OF SENSOEY NERVES.

The sensory or afferent nerves end either in cells or in fi'ee nerve-

endings, which may be simple or plexiform, and may be inclosed by
cells or have an independent distribution. Of the sensory nerves which
terminate in cells, the best known and longest recognised are those

Avhich are found in the organs of special sense. Here the nerves or

rather their axis-cylinders, usually after dividing into fibrils, appear to

end in modified epithelium-cehs, which are termed sensory or nerve-

ejntheJium cells, and are characterized for the most part by the pos-

session of a peculiar styliform process, directed peripherally, while on
the other hand they are connected centrally, as it would seem, with the

nerve-fibres of the sense-organ. In the different organs of special sense

these nerve-epithelium cells undergo peculiar modifications, and present

certain complexities of structure which will be more properly treated

of in the parts of this work which are devoted to the description of

those organs.

Of the ordinary sensory nerves, including those which are devoted to

the j)erception of tactile sensations, some end in, or in contact with, ceUs

which are originally derived fi'om an epithelium, but have undergone
much less modification in structure than the nerve-epithelium cells above
mentioned. They are termed tactile cells by Merkel, and he states that

they may occur scattered here and there in the deeper parts of a stratified

epithelium, such as the epidermis ; but it is more common to find the

cells in question in the true skin or other connective tissue structure,

and arranged in groups of two or more, united together by a con-

nective tissue envelope into a terminal nervous organ or tactile end-

organ. According to most observers the axis-cyhnder of the nerve ends

between, not in, the tactile cells which form the chief part of the end-

organ, and the ceUs serve rather to protect the actual nervous termina-

tion than to receive it. Of the end-organs which seem thus constructed,

the best known are the tactih corpuscles of Meissner, the corpuscles of
Grandry, which occur in birds, and the round end-itdbs of the human
conjunctiva. In other end-organs (cylindrical end-lulhs, Pacinian
bodies), the axis-cylinder passes into and seems to end abruptly in a

central protoplasm-like mass, termed the core, which is surrounded by
a simple or multiple expansion of the perineural sheath of the nerve,

but here also, as the study of its development shows, the core was
originally formed of agglomerated cells. But in many nerves of general

sensation, the nerve-fibres do not terminate in a specialized organ, but
the axis-cylinder becomes again and again branched, until it is resolved

into filaments of extreme tenuity, its ramifications, which often unite

constantly with one another and with the branches of neighbouring-

fibres in a plexiform manner, consisting of smaU bundles of ultimate

fibrils, which pass at length to terminate freely, and with minute
varicose enlargements, in the tissue to which they are distributed.

This is the mode of ending of some of the more superficially placed

nerves of the general integument, where many of the nerve-fibrils end
between the cells of the stratified epithelium.

Tactile cells (Merkel). Tactile cells, isolated or in groups, but ia tlie latter

case not collected together to form a tactile end-organ, are described by Merkel
as occurring in tbg deeper layers of the epidermis and sometimes in the sub-
jacent true skin over almost the whole of the body. In animals they are



1G2 NEEYOUS SYSTEM.

especially numerous in parts of the skin whicli are devoid of hairs, as in that

which covers the soles of the feet, and on the snout, as well as amongst the

epithelium-cells of the hard palate. The cells in question are round or pyriform

in shape, and prolonged at one part into the axis-cy]inder of a iierve-fibre : in

cases where the axis-cylinder is ramified, it may be connected with more than

one of these cells. Each cell is stated to be inclosed by a cell-membrane wliich

is continuous with a prolongation of the primitive sheath of the nerve-fibres.

When the tactile cells occur in the superficial layers of the cutis vera instead of

amongst the cells of the epidermis they are found
to be inclosed in a capsule of connective tissue,

which is pierced by the axis-cylinder of the nerve-

fibre as this passes to apply itself to one of the

surfaces of the usually flattened cell. Such a cell,

inclosed in a capsule and forming the termination

of a nerve-fibre, represents, according to Merkel,

the tactile end-organ in its simplest form. The
existence of tactile cells such as are described by
Merkel is, however, not generally admitted by
histologists.

Fig. 160.

Fig. 160. — Two TACTILE
CELLS IN THE DEEPEU PART
OP THE HUMAN EPIDERMIS.
(Merkel.)

Tactile corpuscles or touch -bodies
(Gorimscida tadus)—(figs. 161, 1G2). These
were discovered by R. Wagner and Meissner

in the papillae of the skin of the hand and
foot, where they are of an oval shape, nearly -^^-^ of an inch long

and g-^Q- of an inch thick. One, two, or more mednllated nerve-

fibres run to the corpuscle and either at once or after winding
round it two or more times, pass into its interior and become lost

Fig. 161. Fig. 161. — Section op
SKIN SHOWINa two PA-

PILL.E AND DEEPER
LAYERS OP EPIDERMIS.

(Jjiesiadecki.)

a. Vascular pajjilla with
capillary loop passing from
subjacent vessel c; &, nerve

Xia]3illa with tactile cor-

liuscle, t. The latter

exhibits transverse fibrous

markings : three nerve-

fibres, d, are represented

as passing up to it : a.tff
tliese are seen in optical

section.

to view. The tactile

corpuscles were de-

scribed by their dis-

coverers as consisting

of a soft structureless

core or central part,

c in which the nerve-

fibres were thought

to terminate by bulbous enlargements, and of an inclosing capsule

of connective tissue, continuous with the perineurium of the nerve,



TACTILE CORPUSCLES. 163

and composed for the most part of transverse or spiral fibres and
miclei, so an'anged as to give the Mttle body somewhat the aspect of a

miniatm-e fir-cone. It would appear however that a soft core, like that of

the Pacinian corpuscles to be presently described, does not in reality

exist in these corpuscles, but that the main substance of the touch

-

body is composed of connective tissue, prolonged inwards from
the capsule in the form of imperfect membranous septa (fig. 163 A),

between which are supported the convolutions and ramifications of

the nerves, and the enlargements in which the branches of the axis-

cylinder eventually end (smaU tactile cells according to j\Ierkel). These
terminal enlargements, which are either pyriform or globular in shape,

fj'e always placed near the capsule, and in smaU tactile corpuscles may
occasionally project beyond it. On entering the corpuscle the nerve-

fibres for the most part lose their meduUary sheath, but some retain

it for a short while, or it may reappear here and there in the course

Fig. 162. Fig. 163.

Ep

Fig. 162.

—

^Tactile corpttscle within a papilla of the skin op the hand, stained
WITH CHLOKIDE of GOLD. HlGHLY MAGNIFIED. DilATrN Bi' W. FlEMMING, FK03I A
PKEPAKATION BY E. FiSCHEK.

Ep, epidermis ; only the outlines are indicated,

fibres •ft-ithin the corpuscle are -well seen.

The convolutions of the nerve-

Fig. 163.

—

Tactile corpuscles froji the palji of the hand, seen in section,

(Merkel.)

A, Longitudinal section showing the interior traversed by connective tissue septa
derived from the capsule ; the nerve-fibres are cut across. B, transverse section at the
point of entrance of a nerve-iibre, showing the axis-cylinder branching. Other nerve-
fibres are cut obliquely.

of^the fibres. The axis-cylinders, which are often varicose, have, as
before intimated, a convoluted course before ending in their terminal
enlargements.

The absence of a central core such as is found in the Pacinian corpuscles, and
in some end bulbs, was first pointed out by Langerhans and afterwards by Thin,
The latter observer stated as the result of his observations, that tactile corpuscles
could be divided into simple or compound, according as they receive one or a
gi-eater number of nerve-fibres each nerve-fibre passing to one distinct corpuscle,
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Fig. 164.

and the larger corpuscles being compounded of two or more simple ones. On the

other hand, even in the same papilla, several small corpuscles may occur near to

but distinct from one another.

Tactile corpuscles have been found in the following parts :—skin of the

fingers, palms and soles, back of the hands and feet, volar surface of the forearm,

margins of the lips, conjunctiva lining the eyelids and in the mucous membrane
near the tip of the tongue.

What appear to be tactile corpuscles of simple structure were dis-

covered by W. Krause in certain parts of the external generative organs,

both in the male and female, and were named by him " genital cor-

puscles." Each corpuscle is composed of connective tissue, contain-

ing numerous nucleated cells, and appears not to be provided with any
special capsule. The axis-cylinder of the

nerve-fibre entering at one pole of the

somewhat oval corpuscle (fig. 164) may
either j)ass straight or with one or two
bondings through the corpuscle, and
end by a tapering- (A) or by a dilated

extremity (B) near the opposite pole-

(often projecting beyond the general

body of the organ, as in B), or it may be
much convoluted in its passage through
the organ, so as to render it a matter of

difficulty to trace its course and mode
of termination. Frequently the fibre

divides into two or.more branches "within

the corpuscle, and each of these may end
in a swollen extremity, which projects-

beyond the main part of the corjDuscle ;

the latter then acquires a peculiar

knobbed or mulberry-hke aspect. The
arrangement of the cells in these cor-

puscles seems to vary considerably.

Sometimes they are chiefly collected at the exterior, leaving the part

traversed by the axis-cylinder fi-ee from cells and of a fibrous appear-

ance (fig. 164 A) ; but in others there is an agglomeration of cells in

the centre, and the corpuscles then closely resemble the spheroidal end-

bulbs of the hmnan conjunctiva.

Pacinian bodies.—In dissecting the nerves of the hand and foot,

certain small oval bodies like little seeds, are found attached to their

branches as they pass through the subcutaneous fat on their way to

the skin ; and it has been ascertained that each of these bodies

receives a nervous fibre which terminates within it. The objects re-

ferred to were more than a century ago described and figured by
Vater, as attached to the digital nerves, but he did not examine into

their structure, and his account of them seems not to have attracted

much notice. In more recent times, their existence was again pointed

out by Cruveilhier and other French anatomists, as Avell as by Paciui

of Pisa, who appears to be the first writer that gave an account of the

internal structure of these curious bodies, and clearly demonstrated theii

essential connection with nerve-fibres. The researches of Pacini were
follo^^ed up by Henle and Kolliker, who named the corjDuscles after him ;

and the Pacinian corpuscles have since been the subject of numerous

I"ig. 164. — Tactile corpuscles

FROM THE CLITORIS OF THE RABBIT.

(Izqtiierdo.

)
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FJg. 165.

papers, to wliicli the reader is referred for details regarding their diS'

tribiition and variations, that cannot he conveniently introdnced here.*

The little bodies in question are, as ah-eady said,

attached in numbers to the branches of the nerves

of the hand and foot (fig. 1G5), and here and there

one or two are found on other cutaneous nerves.

They have been discovered also within the abdomen
on the nerves of the solar plexus, and they are no-

where more distinctly seen or more conveniently

obtained for examination, than in the mesentery of

the cat, between the layers of which they exist abun-

dantly. They have been found on the pudic nerves

in the penis and chtoris, bulb of the m-ethra, and
other parts, on the intercostal nerves, sacral plexus,

cutaneous nerves of the upper arm and neck, nerves

of the nipple and mammary gland, and on the infra-

orbital nerve. Lastly they have been recognised

on the periosteal nerves, and, in considerable

nmnbers, on the nerves of the joints. They are

found in indi^aduals of all ages. The figure of

these corpuscles is oval, somewhat ]ike that of a

grain of wheat,—regularly oval in the cat, but

mostly curved or reniform in man, and sometimes

a c'ood deal distorted. Their mean size in the

adult is from T-Vth to -j-^th of an inch long, and
Fig. 165.—A KERVE

OF THE MIDDLE
FINGER, WITH PA-
CINIAN BODIES AT-

TACHED. Natural
SIZE (after Henle
and Kolliker).

from -Jg^th to Jg^th of an inch broad. They have a

whitish, opaline aspect : in the cat's mesentery

they are usually more transparent, and then a white

hue may be distinguished in the centre. A
slender stalk or peduncle attaches the corpuscle

to the branch of nerve with which it is connected.

The peduncle contains a single medullated nerve-fibre ensheathed in

perineurium, with connective tissue and one or more fine blood-vessels
;

it joins the corpuscle at or near one end, and conducts the nerve-fibre

into it. The little body itself, examined under the microscope, is found

to have a distinct lameUar structm-e (fig. 1G6, a). It consists, in fact,

of numerous concentric membranous tunics encasing each other like

the coats of an onion. Surrounded by these tunics, and occupying a

cylindiical space in the middle of the corpuscle, is the core, formed of

transparent and seemingly homogeneous soft substance, in the midst of

which the prolongation of the nerve-fibre is contained. The number of

tunics is various ; from forty to sixty may be counted in large corpuscles.

Those which are situated next to the central or median cavity, and com-

IDrehending about half of the entire number, are thinner and closer together

than the more exterior ones, seeming to form a system by themselves,

which gives rise to a white streak often distinguishable along the middle

of the corpuscles when seen on a dark ground. Outside of all, the

corpuscle has a coating of ordinary connective tissue.

The lamellfe or tunics correspond very closely in structure to the

'' A complete list of papers which have appeared on this subject (and, indeed, not only

on the Pacinian corpuscles, but on all the several kinds of terminal coi-puscles and other

sensory nerve-endings) will be found in a monograph by Prof. Fr. Merkel, " Ueber die

Endigungen der sensiblen Nerven in der Haut der Wirbelthiere. " Rostock, 1880.
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lamelltB of the perineurium of a nerve. Each lamella (fig. 1C7) consists

of a connective tissue layer formed both of white fibres, which have

mostly a transverse direction and are j)laced near its surfaces (&), and

of elastic fibres, which pass in various directions, and (with occasional

bands of white fibres) stretch across the thickness of the lamella from

one surface to the other (c). The surfaces of the lamellae are covered

Fig. 166.

Fig. 166.—A, Magnified view op a Pacinian body from the cat's mesentery.

(From a drawing by Professor J. Marshall, F.R.S.)

s, Stalk with nerve-fibre passing to the coi'ijuscle. One or two capillaries are also seen

issuing from it between the tunics, b and c represent the termination of the nerve

with the distal end of the core and adjoining tunics, and illustrate varieties of arrange-

ment. In B the fibre is bifurcated.

with a layer of epithelioid cells (aa), which can be brought to view with
nitrate of silver, and then their continuity with the similar cells in the

perinem'ium is made manifest (fig. 168). The tissue of each lamella is

lax as compared with that of the layers of the perinemium, and the

interstices betAveen the fibres are occupied by a considerable quantity

of watery fluid, probably of the nature of lymph, and containing occa-

sionally lymph-corpuscles. This fluid in the fresh state tends to

obscure the delicate fibres of the lamellge, so that the adjacent layers

of epithelioid cells belonging to the successive lamellse stand out sharply
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Tvhen the corpuscle is viewed in optical section, and were long taken to

represent the actual tunics of the organ. The epithelioid layers are not

however everjwhere in

such close juxtaposition, p.^ ^q„
but are here and there

°'

separated from one

another by interlaniellar

spaces which are occupied

by lymph, and represent

the lymphatic clefts be-

tween the layers of the

Ijerinem'ium of a nerve.

The nerve-fibre, the

disposition of which may
now be noticed, is con-

ducted along the centre

of the stalk, enters the

corpuscle, and passes

straight into the core, at

the further end of which
it terminates. As shown

Fig. 167. DiAGRAJIMATIC KEPRKSENTATION OP TWO
TUNICS OF A Pacinian corpuscle in transverse
SECTION.

a, a, epithelioid layers ; 6, h, connective tissue

layer, more condensed near the sixrface ; c, open

network of fine elastic fibres in the substance of the

lamella.

Fig. 16 8.—PaciniAN corpuscle froh the Fig. n
MESENTERY OF THE CAT ; STAINED WITH
NITRATE OP SILVER. MAGNIFIED.

The epithelioid cells of the outermost

tunic are shown, and their continuity, at

the peduncle, with those of the correspond-

ing layer of the perineurium (from a drawing

by Gr. C. Henderson).

by Pacini, the layers of the peri-

neurium successively become con-

tinuous with, or rather expand into

the tunics of the corpuscle. Since,

however, in most Pacinian cor-

puscles there are many more tunics

in the corpuscle than layers

of the perineural sheath which
invests the entering nerve, it is

only a few of the tunics which are

thus continuous ; and it will be
generally found that it is the outer

ones which are so. A certain

number of the inner tunics are

superadded therefore, and when
traced towards the nerve-fibre they
may be seen to end with rounded
margins bounding a canal in which
the nerve-fibre runs. The latter is accompanied by a little endoneural
connective tissue which generally contains a number of granular cells.
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The nerve-fibre is single as it runs along- the iDeduncle, nnless when
the latter supports two corpuscles ; it retains the medullary sheath until

it reaches the core, into which the axis-cylinder alone jjasses, freed from
its primitive and medullary sheaths (fig. 169, c.f.). In its course through

the core it is somewhat flattened, and presents the aj)pearance either of

a pale, finely striated, and very faintly outlined band or stripe, or of

a darker and more sharply defined narrow line ; differing thus iu

appearance according as its flat side or its edge is turned towards

the eye. The contrast in the appearance of the fibre before and after

entering the core is well exhibited after treatment Avith osmic acid, which

Fig. 169. Fig. 169.

—

Part of Pacinian Boor
SHOWING THE NERVE-FIBRE
ENTERING THE CORE. FrOM
AN OS3II0 ACID PREPARATION.

(E. A. S.)

ms, entering nerve-fibre, the

medullary sheath of which is

stained darkly, and ends abruptly

at the core
; i^, s, ijrolongation of

l^rimitive sheath, passing towards

the outer part of the core ; c f,

axis-cylinder passing through the

core as the central fibre ; (•, some
of the inner tunics of the cor-

puscle, enlarged where they abut

against the canal through which

the nerve-fibre passes ; n, nuclei

of the tunics ; )< , nuclei of the

endoneurium, continued by others

in the outer part of the core.

stains the medullary sheath

deeply, whereas the axis-

cylinder is far less stained. It

sometimes happens that the

fibre regains its double con-

tour for a short space, and
changes agam before it ter-

minates ; this is especiaUy liable to occur while it passes thi'ough

a sharp flexure in a crooked core. The fibre usually ends by a

sort of knob at the further extremity of the core, Avhich is here

itself somewhat dilated. The knob, often finely granular, ap-

pears to be an expansion of the axis-cylinder, and is sometimes of

considerable size. It may be of an irregular shape with processes

branching outwards from the sides, and in such cases has been

taken to repres'ent a nerve-cell ; but the characteristic nucleus of the

latter is absent. The ultimate destination of the processes is unknown.

The axis-cylinder shows the usual longitudinal fibrillation as it passes

through the core, and the fibrils become somewhat spread out as they

pass into the terminal expansion. In many cases the fibre, either

immediately before terminating, or in its course through the core,

divides into branches : a division into three has been observed,

but this is more rare. In case of division of the fibre, the core is

generally, but not invariably, divided in a corresponding measure,
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and the inner tunics present a figure in keeping -with it. It is

worthy of remark, that the nerve-fibre in its course along the core

runs almost exactly in the axis of the latter, and it maintains

this position even when passing tlirough the abrupt flexures of an
irregularly shaped core. It sometimes happens that a fibre passes

quite through one corpuscle and terminates in a second, resuming

its original size and dark outline while passing from the one to the

other ; and it is said that a nerve-fibre may go through two Pacinian

bodies without terminating in either, returning again to the parent

nerve in form of a loop (Pappenheim). A little artery enters the

Pacinian bodies along with the nerve, and soon divides into capillary

branches, Avhicli run up between the tunics. They then form loops,

and return by a similar route into a vein corresponding to the artery :

a single capillary usually accompanies the nerve as far as the core,

and passes some way on the wall of the latter, sometimes with a

spiral direction (Bowman). Occasionally a vessel enters the corpuscle

at the distal end and passes towards the core, uniting the tunics in

its passage.

As to tlie nature of the core of tlie Pacinian body, there is considerable dif-

ference of opinion. That it is not merely an expansion of the medullary sheath

of the nerve-iibre, as was thought by Engelmann, is shown by its behaviour

with staining fluids, and particularly osmic acid (see fig. 1G9). Moreover in

cases where the medullary sheath is prolonged for some distance into the core,

as occasionally happens, the contrast between it and the substance which
surrounds it, is veiy marked.
In considering- the true natui'e of the core, it should fii'st be remarked that it isnot

completely homogeneous and structureless, as on superficial examination it seems

to be, but exhibits at least in its outer part longitudinal striation and nuclei in

variable number. In transverse section the striation in the outer part of the

core is seen to be concentric, and produced apparently by flattened nucleated

cells, which are so arranged as to inclose the inner and more homogeneous
portion. At the entrance of the nerve-fibre into the core the nucleated cells

here spoken of are to all appearance continuous v/ith a layer of cells in the

endoneui'ium around the entering nerve-fibre, so that this outer part of the

core, at least, might be regarded as formed by an expansion of endoneurium.
The inner part, on the other hand, that, namely, which is in immediate contact

with the axis-cylinder, appears structureless. In its behaviour towards staining

re-agents, it resembles protoplasm, and it is possible that it may represent the
protoplasmic layer which in young nerves intervenes between the axis-cylinder

and the sheath of Schwann of a nerve-fibre, and in which the fatty substance of

the medullary sheath becomes deposited.

Some observers have described a delicate structureless sheath around the axis-

cylinder here as well as in ordinary nerves.

Nothing positive is known concerning the special pur^jose in the animal
economy which these curious appendages of the nerves are destined to fulfil,

W. Krause endeavours to show that the series of concentric capsules with
interposed fluid is an arrangement for converting the effect of mechanical
traction into fluid pressure upon the nerve, so that tension and traction of the

tissue in which the corpuscle is placed, may be felt and appreciated as ordinary

pressure.

Little also is known as to their development, except that when first visible

they appear in the foi-m of small agglomerations of cells amongst which tho

termination of a nerve-fibre becomes lost to view.

End-btilbs.—If the conjunctiva of the calf or of certain other animals

is carefully spread out and examined under the microscope, many of the
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medullated nerves which course in diiferent directions in the membrane
may be seen to end in very small oval or elongated corpuscles, into the

interior of Avhich the axis-cyhnder of the nerve-fibre passes, surrounded

by a soft homogeneous core, to end near the extremity of the corpuscle,

with a rounded or dilated termination. The core with its contained

fibre is inclosed in a simple nucleated capsule composed of flattened

cells. The medullary sheath ceases abruptly at the entrance of the

nerve, whereas the primitive sheath appears to be continued over
the core, and to line the capsule. These so-called "cylindrical end-
bulbs" were discovered by W. Krause, and they have been found not

Fig. 170. Fig. 170.- -Cyhndrical end-bulbs from the conjunctiva of
THE CALF. (Merkel.)

vested

sheath.

with a

A, in optical longitudinal section ; B, in transverse section
;

,
entering nerve-fibre ; c, nucleated capsule.

only in the conjunctiva of different animals, but

in various parts of the skin and here and there

in the mucous membrane of the mouth. Terminal
corpuscles of this exact nature and form, have how-
ever hitherto not been observed in the conjunctiva

of man nor of apes, but their place is here supplied

by the small " spheroidal end-bulbs " of Krause
(fig. 171, a). These (fig. 171, e, c) are composed
of a connective tissue capsule {a) inclosing a

number of polygonal cells, among which the

axis-cylinder terminates. Sometimes the small

medullated fibre which passes to each spheroidal

end-bulb, divides into two or more branches

before reaching the bulb, and the branches

may be twisted around one another on their

passage towards the organ (b). The capsule is

continuous with the sheath of Henle of the

nerve-fibre, and internally it is closely in-

nucleated membrane, prolonged from the primitive

It will be seen that the so-called cylindrical end-bulbs closely resemble the

central part or core of a Pacinian body divested of all but its innermost tunic, and,

to complete the resemblance, flattened concentrically arranged cells are described

by Merkel as occurring in the end-bulb as well as in the core of the Pacinian.

In short, it would seem as if the little bodies in question represent the simplest

of the type of 'terminal corpuscles of which the Pacinian corpuscles are the most

complex examples : the complexityhaving been produced in the latter by the multi-

plication of the tunics. In conformity with this view it may be mentioned that

Pacinian corpuscles are frequently found, especially in the lower animals, in which

the tunics are few in number and the corpuscles correspondingly smaller. On the

other hand, the round end-bulbs approach more nearly some of the tactile cor-

puscles in structure, those, namely, of a, simple kind, such as are met with

in birds, which form a transition to the much more complicated tactile corpuscles

which occur in mammals, and especially those in the papillfB of the human
hand. At the same time it cannot be supposed that there is any fundamental

difference in the two kinds of end-bulb, although the aiTangement of the



END-BULBS. 171

cells in the core and the course taken by the nerv^e-fibre is seemingly different,

since we see that in different animals those of the one kind are replaced by
those of the other kind.

Fig. 171.

Fig. 171.

—

End-bulbs from the husian conjukctiya. (Longworth.)

A, Eamification of nerve-fibres in the mucous membrane, and their termination in

end-bulbs, as seen -with a lens; B, an end-bulb more highlymagnified ; a, nucleated capsule ;

b, core, the outlines of its component cells are not seen ; c, entering fibre branching and its

two divisions passing to terminate in the core at d ; C, an end-bulb treated with osmic

acid, showing the cells of the core better than B ; a, the entering nerve-fibre ; b, capsule

with nuclei ; c, c, portions of the nerve-fibre within the end-bulb, the ending of the

fibre is not seen ; d, e, cells of the core.

On account of the light which they throw upon the structure of the end-organs

of mammals, a short description of the tactile end-organs of birds may not be

out of place here.

Tactile corpuscles of l)ircls.—It was noticed by Grandry that in the soft skin

covering the bill of certain birds, such as the duck and goose, a peculiar form of

end-organ exists consisting of two or more flattened cells, enclosed in a common
capsule of connective tissue, and receiving between them the termination of the

axis-cylinder (fig. 172). The structures in question have since been investigated

byMerkel, Key and Retzius, Eanvier and Hesse, and more recently by Izquierdo,

with the following results :

—

The cells which form the corpuscle of Grandry are for the most part of no great

thickness, and the surfaces which are opposed to one another are flattened. Their

protoplasm is stated by Merkel to resemble that of nerve-cells, having a striated

aspect, the strige being partly concentric with the periphery of the cell, partly

passing radially through it. The nucleus has also been compared to that of a
ganglion-cell. There may be two only of these cells (which are termed by
Merkel " tactile cells," by others " protective or inclosing cells ") in a corpuscle

of Grandry, or there may be three or four or even more, piled the one on the
other. "When numerous they may lose their regularity of arrangement. Occupy-
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ing the interval between every two cells is a flattened disk termed the " tactile

disk," and according to the testimony of all the above-named observers the
axis-cylinder of the entering- nerve-fibre ends in these tactile disks. Accord-
ing to Merkel, the disk is itself, on the other hand, dh-ectly in continuity with one
or both of the cells between which it lies. The tactile cells and disks are all

inclosed in a common capsule or sheath of connective tissue continuous with the
perineurium of the nerve and receiving also a lining from the nucleated sheath of

Schwann. From the capsule incomplete septa pass inwards between the flattened

cells, as far a,s the edges of the tactile disks, so that the septa look as if they
were perforated to receive the disks. Usually a single nerve-fibre passes to

each corpuscle, and this may either lose its medullary sheath on entering the

corpuscle or may retain it for some part of its course, although it eventually,

in any case, becomes lost. The axis-cylinder, passing between the capsule and
the tactile cells, divides into as many branches as there are tactile disks, in

which, as already mentioned, it finally terminates.

It will appear from the above account that the chief point in Avhich there is a
difference of opinion with regard to the structure of these simply constructed

tactile corpuscles, is as to the exjDansion of the axis-cylinder kno's^Ti as the

tactile disk, whether this is prolonged or not into the cells which cover it.

The former view is taken, as we have seen, by Merkel, but the opinions of most
other observers are adverse to it. There is, however, this to be said in favour of

Merkel's view, nanlely, that when degeneration takes place as a result of the

section of the nerve, the degenerative process extends not only to the tactile

disk but also to the cells which cover it.

These corpuscles are developed as a result of the multiplication and do'UTi-

growth of some of the epithelium-cells which lie at the apex of a papilla (fig. 1 72, c).

The growth becomes entirely cut off from the rest of the epithelium and sur-

rounded by connective tissue, whilst the cells in it are converted into the flattened
'' tactile cells," and a prolongation of a nerve-fibre grows up into it.

Fig. 172.

Fig. 172.

—

Tactile corpuscles ff.oh the duck's tongue. (Izquierdo.)

A, composed of three cells, with two interposed disks, into which the axis-cylinder of

the nerve, n, is observed to pass ; in B there is but one tactile disk enclosed between two
tactile cells ; C illustrates tlie development of a tactile coriiuscle like the one shown in B ;

e, deeper cells of the epithelium covering the papillated siu-face of the tongue ; -p, apex
of a papilla, in which there is seen to be a downgrowth of epithelium-cells, the lower-

most of which are developed into tactile cells.

Other modes of ending of sensory nerves. Instead ofending in the

special terminal corpuscles of different kinds which have been described in

the preceding pages, many sensory nerves, as before stated, terminate in

the form of fine ramifications of the axis-cylinder, which pass bet^veen the

elements of the tissue to which the nerves are distributed, and may either

simply come in contact with them, or, it is believed," may in some cases

form an actual connection with the cells. As they approach their ter-

mination the sensory nerve-fibres, which are generally medullated, divide
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dicliotomoiTsly again and again, retaining after all the earlier divisions

both the medullary sheath and the primitive sheath, and being accom-

panied by a prolongation of the sheath of Henle. Lower down this last-

named sheath becomes lost, and a short distance further on the medullary

sheath also disappears, the nerves being continued as pale fibres inclosed

only by the nucleated sheath of Schwann. Within this it can distinctly

Fk. 173.

.— Distribution of nebves in a portion of the cornea of a frog.

(Klein.)

The nerves are stained with chloride of gold, a, a, part of a plexus of non-medullated
fibres, made np of numerous fine fibrils ; b, b, smaller fibres derived from them, and
themselves giving off still smaller branches, c, c, which are composed of single fibrils.

be seen in preparations stained with chloride of gold, that the axis-cylinder

is made up of fine varicose fibrils (fig. 173, «, «). At every division of the

nerve some of these fibrils pass into each branch, and where, as often

happens, the branches unite with one another so as to form a subterminal

jDlexus, some of the fibrils pass across fi'om one branch to another. By the

time the terminal ramification is reached many of the branches may
consist of only one or two ultimate fibrils {c, c). It is generally fouud
that the sheath of Schwann has ceased long before this condition is

arrived at, although nuclei apparently like those of that sheath may
often be still seen here and there upon the branches, especially at the

])oints of bifurcation. Finally, the branches of the nerve, thus reduced to

the condition of ultimate fibrils, often varicose, pass between the tissue

elements, and may there form an actual network by joiniug one Avith

another and becoming fused together at the points of junction, or may
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end either simply or wifcli small knobbed extremities without uniting

with other fibrils into a nervous network ; or, according to the view of

some histologists, may pass into the cells of the tissue and thus terminate.

A " nervous network " is not to be confounded with, a " nervous plexus." In
tlie former an actual fusion of the ultimate fibrillas Avliich result from the

division of the axis-cylinders of the nerves is assumed to take place, vrhereas

in the latter, although there Tas^j appear to be an intimate union between the

different nerves which enter into the plexus, this union does not extend to

the ultimate elements of the nerve-fibre ; in other words, although fibres or

parts of fibres (fibrils) may be given and received by the several nerves to and
from one another, these fibres (in the case of the larger plexuses) or fibrils (in the

microscopic plexuses) remain completely distinct, although they may run in close

juxtaposition. Nervous plexuses are of very common occurrence, both those of the

larger sort which have long been recognized by anatomists, and the smaller micro-

scopic plexuses which are very often found near the endings, both of some centri-

petally conducting, and of some centrifugally conducting nerves. But nervous net-

works are far less frequent than has been supposed, although they were until

lately described as a mode of nerve-termination not by any means rare, and
indeed their existence is now doubted altogether by some histologists. (Compare
Waldeyer, Ue. d. Endigungsweise der sensiblen Nerven : Archiv f. miix. Anat,

XVII. s. 367.)

Nerve-ending-s in tendon.—Special modes of ending of sensory neiwes have
been described in various peripheral organs, but those only which are found in

the tendons of nauscles will here be noticed, the modes of termination in other

parts being deferred until the several organs are treated of.

ilost of the nerve-endings in tendon seem referable to one or other of the end-

organs which have just been described, although they present considerable

modification of form. Thus in many tendons, at their junction with the muscles,

there occur, according to Golgi, long spindle-shaped bodies, composed ap-

parently of a modified connective tissue, into which one or more meduUated
fibres pass, and after dividing once or twice diverge towards the periphery of the
corpuscle, where they end as pale fibres in small granular swellings. In other

tendons end-bulbs like those in the conjunctiva are found (Sachs), and small

Pacinian corpuscles of simple structure occur occasionally in the areolar tissue

sheaths of tendons and ligaments. RoUett describes the non-meduUated nerves

which pass to the tendon of the sterno-radial muscle in the fi'og as ending in

peculiar flattened end-organs comparable to the end-plates of muscle presently

to be described.

Lastly, some observers have described the nerves of tendons as ending, in part

at least, in the form of ramifying pencils of pale fibres, usually varicose, and
teiTttinating freely, by fine tapering extremities, between the tendon bundles. This
is similar to the way in which the nerves appear to end in the substantia propria

of the cornea, which is also a form of fibrous tissue and receives a large number of

nerve-fibres. But a detailed description of the manner in which the nerves of the

cornea are distributed will be more conveniently deferred until the eye is treated of.

TERMINATIONS OF MOTOR NERVES.

In the involuntary muscles such as those which constitute the
muscular layers of the hollow viscera, the nerves, which are for the

most part non-meduUated with a small intermixture of white
fibres, form complicated plexuses as they near their termination.

At the junctions of the fine nervous cords which compose the

plexuses groups of ganglion-cells are in many parts met with

;

a well known example of such a gangiiated plexus being the
plexus myentericus of Auerbach between the longitudinal and circular

layers of the muscular coat of the intestine. From these gangiiated

plexuses branches are sent ofi', which penetrate between the elements
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of the involuntary mnsciilar tissue, coursing for the most part

parallel with the muscular fibres. The pale nerve-fibres bifurcate

and give off branches at acute angles at frequent intervals, and eventually

become separated into fine filaments which may represent ultimate

fibrillee, but the branches which are given off only rarely, according to

Lowit, become united with those from adjoining nerA^e-fibres, so that if

can scarcely be said that an intramuscular plexus, and still less a network,

really exists. The fine longitudinally coursing fibrils come into close

relation with the involuntary muscle-cells, but do not appear to pass into

the interior of the cells and their nuclei, as was stated by J. Arnold,

They are said to end by gradually tapering or varicose extremities, but

according to Elischer each nerve-fibril terminates by a slight bulbous

expansion opj)Osite the nucleus of a contractile cell.

In the cardiac muscular tissue the ner^'es form networks with

very long meshes. The nervous fibrils become closely applied to the

muscular fibres but do not penetrate the latter according to Fischer, nor

are motorial end-plates, such as occur in voluntary cross-striated muscle,

to be found in the heart. L. Gerlach, on the other hand, affirms the

penetration of the muscular cells by nerve-fibrils.

The nerves of voluntary muscles terminate for the most part in

special expansions, to which the term motoricd cnd-plates has been
apiDlied.

As mentioned in the account of the muscular tissue, the nerves in

the voluntary muscles form plexuses, of which the branches grow finer

and the meshes closer as they advance further into the tissue. The

Fig. 174.

a h

Fig. 174.

—

Nekve-ending in muscular fibre of a lizard (Lacerta viridis),

ACCORDING TO KtJHNE. (Highly magnified.)

a, end-plate seen edgeways ; &, from the surface, s, s, sarcolemma
; p, p, expansion

of axis-cylinder. In b the expansion of the axis-cylinder aj)pears as a clear network
branching from the divisions of the medullated fibre.

individual fibres, while still associated in small bundles,^ undergo divi-

sion (fig. 159), and at length single dark-bordered fibres pass off to the

muscular fibres. These nerve-fibres on approaching or reaching a mus-
cular fibre often divide still further. The branches retain their medul-
lary sheath until' they reach the sarcolemma, when the white substance
abruptly terminates, while the primitive sheath becomes continuous with
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the sarcolemma (Kiihne, fig. 174, s). Eanvier states, however, that it is
a prolongation of the nucleated sheath of Henle, and not the primi-
tive sheath which is continuous with the sarcolemma. The axis-
cylinder as it passes into the fibre forms a clear localised branched ex-
pansion {p2^)^ which Hes immediately under the sarcolemma, embedded
in a layer of granular matter which contains a number of large clear nuclei,
each having one or more bright nucleoli. The termination of the axis-

Fig. 175. ^'^S- 175.

—

Termination of a nerve in a muscular
FIBRE OF THE LIZARD (Lacerta viridis).

(Rauvier.). Very highly magnified.

7i, outer sheath of the nerve-fibre (sheath of
Henle, according to Ranvier) ; b, bifurcation of the
fibre

; e, node ; m, short segment beyond the node
;

7\ terminal ramifications of the axis-cylinder; n,
nuclei on the branches of the axis-cylinder ; n',

nuclei in the granular substance of the end-plate.
The granular substance lies in the intervals between
the branches of the axis-cylinder ; it is not seen in
this figure.

cylinder is not in the form of a continu-
ous plate, as was thought by Eouget, but
appears when viewed from the surface in
the form of an arborescent figure (fig. 175),
the branches of which do not, according to

Eanvier, anastomose. Attached to these

branches small gTanular nuclei (w) are

seen at intervals; these are not to be
confounded with the clear nuclei of the

granular substance (ji), nor with certain

flattened nuclei which lie immediately
under the sarcolemma covering the end-
plate, and which resemble the nuclei of

the nerve-sheath. The sarcolemma over the situation of the nerve-

ending is shghtly raised above the general surface (fig. 174 a). It

AYOuld appear that a muscular fibre, when short, has but one terminal

structure, and receives consequently but one nerve-fibre. As, moreover,
the fibres of a nerve undergo division, jirobably repeated division,

before ending, it follows that one fibre in a nerve-root or -trunk may
supply several muscular fibres. Longer muscular fibres have two or

more nerve-endings.

In amphibia (fig. 17G) there is no granular substance with clear nuclei

imbedded in it, and tlie ramifications of the axis-cylinder are extended

(jver a larger proportionate area of the fibre than in scaly reptiles, birds,

and mammalg, so that the termination of the nerve is less localised.

The branches of the axis-cyhnder run for a short distance parallel with
the axis of the fibre between the sarcolemma and muscular substance,

terminating abruptly by rounded extremities. They present here and
there slight enlargements, connected with which are seen, as in the

end-plate of the lizard, granular pear-shaped nuclei {!)), entirely different

in ajopearance from the proper nuclei of the muscle (e). A fine tortuous

fil)ril is stated by Kiihne to be given off fi-om the pale fibre to each of

these granular nuclei, and to terminate in it by a bulbous enlargement.

It would appear then that in all classes of vertebrates the nerve-fibres
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which are distributed to the rohintaiy muscles, terminate in the form of

a ramification of the axis-cyhnder on the surface of tlie fibre within the

sarcolemma, but that in some the branches cover a far greater extent of

the surface of the fil^re than in others.

The termination of motor nerves in special granular expansions within the

sarcolemma was first noticed by Doyere in insect-muscle. The arborescent ter-

mination of the axis-cylinder was discovered in the frog- by Ktihne in 1862. In

the same year the end-plates vt^ere recognised by Eouget in the lizard, and in 1863

by ^y. Krause in mammals. The last

Fig. 176.
named observer was the first to de-

scribe the termination of the axis-

cylinder as a ramified expansion im-

bedded in granular substance, but

maiatauied that the whole structm-e

lay outside the sarcolemma. The

above account may, however, be taken

as the one most in accordance with

the more recent researches on the

subject, and as probably on the whole

correct. It should be stated at the

same time that the existence of

localised end-plates has been called

in question by Gerlach, who from the

study of muscular fibres prepared with

chloride of gold and potassium arrived

Fig. 176.

—

Nerve-ending in muscle of

FEOG (Kiihne).

a, one of the branches of the medul-

lated iibres passing within the sarco-

lemma ; b, b, granular pear-shaped

nuclei ; c, c, nuclei of sheath ; e, e,

muscle-nuclei.

at the conclusion tliat the axis-cylin-

der of the ner\-e after passing through

the sarcolemma forms a close net-

work of minute varicose fibrils

throughout the muscular substance,

with which they are closely incor-

porated. Moreover, another observer,

Amdt, who, it is true, admits the

existence of the end-plate, describes

in addition, a complex system of com-
municating fibres which extend

throughout the muscular substance,

and is the means of bringing the

plate into connection with the muscle
corpuscles and nuclei. These state-

ments, however, have not hitherto

received confirmation, although En-
gelmann and Foettinger have been
led from observations upon insect-

muscles to form a conclusion which
is at least somewhat analogous, to

the effect, namely, that the expansion of the nerve-fibres comes into actual con-
tinuity with the isotropous substance of the muscular fibre. But the effect of
section of a motor nerve in the living mammal—the resulting degeneration
extending no further into the muscular fibre than the end-plate itself—is a
strong argument against the existence of any such anatomical continuity.

VOL. II. N
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DEVELOPMENT OF NERVES.

It has been shown by Balfour in elasmobranch fishes, and by Milnes Marshall
in the chick, and the same is probablythe case in mammals, that the nerve-roots and
their ganglia, and in all probability the nerves generall y, develope as cell-out-

growths from the rudimentary central nervous system. The latter, as has long
been kn own, is formed by an involution of the ectoderm or epiblast along the middle
line of the embryo. So that not only the nerve-cells and -fibres of the central

nervous system (brain and spinal cord), but also the peripheral nerves, and the nei-ve-

cells of the ganglia in connection with them, are of ectodermal origin. No doubt
the connective tissue which enters into the construction of the nerves and nerve-
centres, as well as the blood-vessels which are distributed in them, are mesodermal,
having become formed as ingrowths from the surrounding mesoderm, but it is as yet

uncertain whether this statement holds good with regard to the substance (^neurog-

lia of Virchow, o'etictilum of KoUiker) which occupies the interstices between the
proper nervous elements within the nerve-centres. For according to Klihne and
Ewald this substance exhibits so marked a resistance to the action of tryptic

digestive fluids as to be comparable only to horny substance, and it is accord-

ingly termed by them neuro-keratin. And since horny matter is not found except

m connection with epithelial tissues, it is inferred by them that the neuro-keratin

must be developed from some of the ectoderm-cells rather than from the included

mesoderm. However this may be, it seems at least to be definitely ascertained

that the nerve-cells in the nervous centres are derived from the ectoderm-cells,

which, undergoing enlargement and modification, both in their substance and
form, send out branches at one or more points of their surface, and acquire the
specific characters of nerve-cells.

But with reference to the formation of the nerve-fibres, both within the
nervous centres and in the peripheral nerves, the knowledge as yet acquired is

not very positive or consistent. It appears, however, to be certain that their

development in both situations proceeds distalwards, and that the medullated
fibres are originally formed as pale fibres, and only later acquire their medullary
sheath. This change occurs, not simultaneously over the whole nervous system,

but in regular order along definite tracts, and the knowledge of this, in the hands
of Flechsig, has proved an important means of tracing the course of certain

strands of fibres in the nervous centres, as will be noticed when the subject of

the continuity of the fibres in those centres is dealt with.

According to the view which has generally been taken, nerve-fibres are

formed by the linear coalescence of elongated cells, in the peripheral parts of whose
protoplasm the fatty matter of the meduUary sheath gradually accumulates, at

first in the form of fine gTanules, and thus transforms the originally pale fibres

into dark bordered fibres. This change of aspect is apparent in many nerves of

the human embryo of the fourth or fifth month. According to Kolliker's account,

the nerve-fibres in the tadpole's tail are prolonged by lines of fusiform cells,

which coalesce into pale fibres. These send out fine offshoots, which may join

with neighbouring fibres, or with branched cells, which become fibres, and in both
of these ways the growth and branching of the nerves go on. The first fibres

thus generated (embryonic fibres) virtually represent bundles of two, three, or

more permanent fibres, into which they are speedily converted by cleavage ; while

the formation of the medullary sheath proceeds outwards along the branches.

But if, as se^ms to be the case, when a nerve has been cut and has under-

gone degeneration, the axis-cylinders are reproduced along the whole length of

the distal part by a downgrowth from the axis-cylinders of the central cut end,

it is probable that a similar mode of formation of the nerves may occur origin-

ally, and that the axis-cylinder is to be regarded as a continuous outgrowth
from one of the nerve-cells of the nervous centre. With the medullary sheath,

however, the case may be different. For this, as we have seen, is divided at regular

intervals into a series of internodes, each of which possesses a nucleus, and may
therefore, as Ranvier pointed out, be looked upon as representing a cell, the pri-

mitive sheath being homologous to the cell-membrane. It is not improbable,

therefore, that each such internode is actually formed from an elongated
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cell, developed around a previously formed axial fibre, and filled with, the

fatty matter of the medullary sheath in the same way as the connective tissue-

cells become filled with fat in the development of the adipose tissue. In

support of this view it may be noted that in young- nerves the segments are

shorter than in the adult, and there is a layer of homogeneous or finely granular

protoplasmic substance outside the medullary sheath, between it and the primi-

tive sheath : as the nerves increase in size this layer, being more and more
encroached upon by fatty substance, eventually disappears, except in the immediate

neighbourhood of the nuclei. In the brain and spinal cord at an early period of

development flattened cells are said by Ranvier to be applied to the meduUated
fibres, but they subsequently disappear or become incorporated with the interstitial

tissue of those organs.

The fact that the nerve-seg-ments of the peripheral nerves are considerably

shorter in the young' animal, points to the existence of an interstitial as well as a

terminal gro's^ijh of nerve-fibres.

Degeneration and regeneration of nerves.—The divided ends of a nerve

that has been cut across readily reunite by cicatricial tissue, but the cut ends

of the fibres themselves do not thus unite. On the contrary, soon after the

section, a process of degeneration begins in the peripheral or severed portion of

the nerve. The nuclei become multiplied, and the protoplasm about them largely

increased in amount, the segments taking on to some extent their embryonic
condition. At the same time the medulla of the white fibres degenerates into a
granular mass consisting of fatty molecules, and is then totally removed, and
eventually the axial fibre also disappears (fig. 177, A, B, & C).

In regeneration the new fibres grow afresh from the axial fibres of the central

«nd of the divided nerve-trunk (often more than one from each) ; and, pene-

trating into the peripheral end of the trunk, grow along this as the axis-cylinders

of the new nerves, becoming after a time surrounded with medullary substance

(fig. 177, D).

To this brief summary the following details may be added :—In warm-blooded
animals the first changes in the peripheral part of the nerve are seen twenty-four

hours after the section. The nuclei underneath the primitive sheath are everywhere
foimd hypertrophied, the primitive sheath is distinctly visible, and protoplasm is

found to have accumulated at the expense of the medullary sheath, both in the

immediate neighbourhood of the nuclei, at the nodes, and also at other points in

the fibre, which correspond, according to Ranvier, with the intervals between the

medullary segments. Fifty hours after the section in the rabbit (but not till four

days in the dog) the protoplasmic aggregations are found here and there altogether

to interrupt the continuity of the medullary sheath, and they contain numerous
fatty granules, and sometimes droplets of myeliu (fig. 177, A). About the fourth

day the nuclei are seen to be multiplied, but not to any great extent (C) ; and
the whole of the myelin after four or five days is broken up into drops, some
larger, some smaller. The axis-cylinder is also found to be interrupted at

numerous places, and remains only in the shape of short fibres, often curled

round at their broken ends, enclosed in the large drops of myelin (B). Eventually
these portions also may disappear. The myelin at length becomes almost entirely

removed, until nothing remains of it except a few isolated drops, which escape

absorption, and all that then remains of the original fibre is the primitive sheath,

which is occupied by a protoplasmic mass containing an increased number of

nuclei. During the disappearance of the myelin from the nerve-fibres the
cells of the connective tissue in the neighbourhood of the fibres become charged
with fatty granules, which may have become formed from the dissolved fatty

substances of the medullary sheath.

These degenerative changes seem to occur simultaneously along the whole
length of the nerve. In the nerves to voluntary muscles the end-plate is said,

ho iv ever, to be the pai-t first affected.

In the immediate neighbourhood of the section the appearances are somewhat
modified by the escape of the myelin from the cut ends of the nerve-fibre, and the
infiltration of blood and lymph into the interior of the ends thus emptied of their

contents. This change must of course occur both in the central stump of the
nerve as well as in the peripheral cut end : it does not often extend beyond the

N 2
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first node. Apart from such tramnatic modification, true degenerative changes do
not according to Eanrier occur in the end of the nerve which i5 still in connection
with the centre, although proliferation of the nucleus in the first and second inter-

Fig. 177.

Fig. 177. DeGESERATIOS ASD EKGESlIKATIOy OF XEETE-riERES IX IKE EABBIT (EailTier)-

A, Part of a nerve-fibre in \rliich degeneration is commencing in conseqnenee of section

(50 horns previonsly of the trunk of the nerve higher up ; ni)/, mednUary sheath

becoming broken up into drops of myelin
; p. granular protoplasmic substance which i?i

replacing the myelin ; n, nucleus, not yet multiplied; ff,
primitive sheath. B, another

nerve-fibre in which d^eneration is proceeding, the nerve having been cut four dayi>

previonsly. This specimen is differently prei)ared from the others, so .is to exhibit the

axis-cylinder (cv) also partly broken np into portions of different length, enclosed in the

myeHn, mt/. C, more advanced stage of degeneration, the medullary sheath having in

great measure disappeared, while several nuclei (n", n") have been formed by di%-ision of

the single nucleus of the intemode. D, commencing regeneration of a nerve-fibre.

Several small nerve-fibres if, t") have sproutetl out from the eTdiirged cut end 'h of the

nerve-fibre (t) ; a, an axis-cylinder, which has not yet acquired a medullary sheath j

i, i', primitive sheath.

nodes near the cut may take place. The central cut end of the axis-cyliuder does not
become altered : except that it undergoes a slight swelling . preparatory in all pro-

bability to the renewed growth by which the regeneration of the fibre is effected.

B^eneration proceeds but slowly. ITp to the twenty-eighth day after the
section, or even later than this, there is stili no trace of new nerve-fibres in the
peripheral part of the nerve. "With the esceprion of a few fibres which for some
reason not well understood (probably because they are derived from some other

nerve which has not been cut. and are merely taktcg a recurrent course in the

cut nerve), have not undergone degeneration, nothing is to be seen in a section

of the nerve at this period, except the primitive sheaths of the old fibres, filled
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vrith clear or finely grantilar substance. If,. hoTrerer. a transrerse section be

made of a nerve considerably later than this (sixty or seventy days after tbe

original section) it is found that Trithin the tubes formed by the old primitive

sheaths, and also in some places berween them, small single fibres or groups of

fibres, either pale or provided Tvith a medullary sheath, are to be seen, besides

here and there those drops of myelin Tvhich have rem.ained unabsorbed from the

medullary sheaths of the origiual fibres. On cutting out the central end of the

nerve, together with the cicatrix, and separating its fibres, it is seen that the

groups of small fibres noticed in the transverse section are continuous "with the

central ends of the axis-cylinders of the original nerve (fig. 177, D). Either a

bunch of small fibres may grow directly from the axis-cylinder of one fibre, or

two only may emerge from thi s : but these soon bifurcate, and. repeating this

process again and again, may eventually form a considerable group. It would
appear therefore that the regeneration of a cut nerve is effected by a growth of

new fibres from the axis-cylinders of the central cut end, and that many more
such fibres are formed in the first instance than the old ones which have under-

gone degeneration. The growth from the old axis-cylinders always occurs in the

situation of a node—either the one nearest to the section or one somewhat higher

up. The new fibres are at first pale but subsequently acquire a medullary sheath,

with constrictions of Banvier. which, as in young nerves, are placed at much more
frequent intervals than in the old fibres, so that the intervals are much shorter.

The groups of fibres which grow thus in groups from the old axis-cylinders are

ofren very irregular in their course, twisting around one another, and even loop-

ing back in some places for a considerable distance. In the cicatrix especially is

this irregularity and obliquity of disposition noticeable, probably on account of

the absence here of the guide formed by the sheaths of the original fibres.

Restoration of function in the nerve does not occur for several months, during
which time it may be presumed the new nerve-fibres are slowly finding their way
along the course of those which have been destroyed as a result of the section.

Of the numerous fibres in the groups above described, no doubt a few only even-

tually assume the function of the fibres which they replace, but the later steps

of the process of regeneration have not yet been fully followed out.

Except at the actual place of section the connective-tissue sheaths of the

nerves remain unaltered. In the cicatrix the new nerve-fibres do not at first run
in definite sheaths, but these become subsequentiy developed from the connective-

tissue around, so that at length the restoration of continuity of all the structures

in the nerve becomes complete.

Eanvier looks upon the regeneration of a nerve by growth from the intact

central ends of the fibres as illustrating the tendency which, he believes, all nerve
fibres exhibit, to grow continuously until a hindrance is met with, and he com-
pares the result of cutting a nerve-fibre in causing the growth of a number of
new fibres in place of the original one, to that produced when the leading shoot
of a plant is removed, in causing the production of a number of lateral buds.
Some have thought that under favourable circtunstances an immediate union

between the ends of the nerve-fibres may happen afrer section : but considering
the impossibility of procuring exact apposition of the individual fibres, end to end.

as well as the inevitable extension of the effects of the mechanical injtirv

caused by the section along the soft contents of the primitive sheath, it seems
improbable that such direct union should occur.

The degeneration does not affect, as we have seen, the part of the nerve remain-
ing in connection with the nervous centre, which seems to exert an influence in
maintaining the nutrition of the nerve. The ganglia, as well as the grey matter
of the brain and spinal cord, are cenfres of rbi^ inffuence. It is found that, in the
central portion of a divided spinal nerve, while the fibres belonging to the anterior
root owe their integrity to their connection with the spinal cord (and especially
with the large cells of the anterior comu). those of the posterior root are sunilariy
dependent on the ganglion : and that, if the posterior root be cut between the
gangUon and the spinal cord, not only will the fibres which pass from it into
the trunk of the nerve beyond the ganglion remain unchanged, but also those
above the ganglion.in the portion of the root lefr in connection with it ; whereas
the fibres of the same root which remain connected with the cord but severed
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from the ganglion degenerate. Section of the sympathetic nerve in the neck is

followed by degeneration of the upper segment as high as the superior cervical
ganglion, but no further.

The degeneration of the peripheral end of a cut nerve and the breaking up of
the substance of the medullary sheath were first noticed by Nasse in 1839. But
the discovery by Augustus "Waller in 1852 of the dependence of the process upon
isolation of the nerve-fibre from its nutritive centre, and his application of this

discovery to the tracing the course of nerve-fibres in peripheral parts (now known
as the Wallerian method) first gave full interest and importance to the observa-
tion of Nasse. The result has been the appearance of numerous writings upon
the subject, the latest being those of Ranvier, whose account has been closely

followed in the text.*

Kecent Literature of the Nervous Tissues.—On the Structure of Nerves, &e.

—

Frommann, in Vhch. ArcJi. 1864 & 1865 ; Jieale, in Arch, of Medicine, 1865 ; Dcitcrs,

Ue.Gehim u. Euckenmark, 1865; Courvoisier, in Arch. f. mikr. Anat. II., 1S66 ;

Kollmannu. Arnstein, in Zeitschr. f. Biol. II., 1866; M. Sdiultze, Observationes, &c.,
Bonn, 1868 ; Babuchin, in Med. Centralbl. , 1868 ; S. Blayer, Bau d. sympath. Nervensyst.

,

Wiener Sitzungsb., 1878; Ranvier, in Arch, de physiol. , 1872; Tubes nerveux en T,

Compt.rend. LXXI. ; and Legons sur I'hist. da systeme nerv. , 1878 ; Gerlacli, Structurder
grauen Substanz, Med. Centralbl., 1872 ; Lantermann, in Med. Centralbl., 1874, and
Arch. f. mikr. Anat. XII., 1876 ; Boll, Hist. d. nerv. Centralorg., Arch. f. Psych., 1873

;

McCartlnj, On spinal ganglia and nerve-fibres, Qu. J. of Micr. Sci., 1876 ; Key tfc

Retzius, Studien in d. Anat. d. Nervensyst., &c., 1876; //. D. Schmidt, in Monthly
Microsc. Journal, XI. ; Kuhnt, in Arch. f. mikr. Anat. XIIL, 1876 ; Eioald u. Kulme,
TJe. einem neuen Bestandth. d. Nervensyst., Heidelb. Verhandl., I. 1877; Rumpf, in

Heidelberg Unters., II., 1878 ; Frend, Ue. Spinalgangl. d. Petromyzon, Wiener Sitzungsb.

,

1878 ; If. ScJmltze, in Arch. f. Anat. (u. Phys.), 1878 ; Ilesse, in Arch. f. Anat.
(u. Phys.), 1878 ; Kocli, Dissert., Erlangen, 1879; G. Retzius, On nei-ve-cells of spinal

ganglia, inNord. med. Ark., 1880; Raiuitz, Bau der Spinaiganglien, Arch. f. mikr. Anat.,

1880; and die Ranvier'sche Einschnurungen, &c., Arch. f. Anat. (u. Phj's.), 1879;
Strieker u. Unger, in Wiener Sitzungsb., 1879; Engelmann, Discontinuittit d. Axen-
cylinders, Pfliiger's Arch. XXII. , 1880; Ferticl; in Arch. f. mikr. Anat., 1880.

On Development of Nerves.

—

Hensen, in Virch. Arch., XXX. & XXXL, 1864, and
Arch. f. mikr. Anat. IV., 1868 ; Eherth, in Arch. f. mikr. Anat., II., 1866; Rouget, in

Comptes rendus, LXXIX., 1873 ; FlecJisig, Die Leitungsbahnen im Gfehirn u. Eucken-
mark, 1876 ; Lehoucq, in Bull. d. I'acad. de Belgique, 1876.

On Degeneration and Eegeneration of Nerves.— Laxeran, in J. de I'anat. , V. ;

E. Nemnann, in Arch. d. Heilkunde, IX. ; and Arch. f. mikr. Anat., XVIIL, 1880 ;

Herz, in Virch. Archiv, XLVI., 1869 ; IF. Krause, in Ai-ch. f. Anat., 1870 ; Engelmann,
in Pfl. Arch., XIII., 1876; Ranvier, Legons, 1878 ; and in Compt. rend., LXXVIII.,
1879 ; S. Mayer, in Wiener Sitzungsb., 1878 ; Rumpf, in Heidelb. Unters., XL, 1878.

On the Endings of Mptor Nerves.

—

Rouget, in Comptes rendus, LV., 1862 ; LIX.,
1864 ; W. Krause, several papers in Gottinger Nachr., Zeitschr. f. rat. Med., and Arch. f.

Anat. ; and "Motor. Endijlatten," 1869 ; KilTine, Periph. Endorg. d. motor. Nerven,

1862 ; various papers in Virch. Ai-ch. ; and article in Strieker's Handb., 1871 ; Waldeyer,

in Med. Centralbl., 1863; Cohnheim, in Virch. Arch., XXXIV., 1865; /. Gerlach,

Verhaitn. d. Nerven, &c., Leipzig, 1874 ; Ranvier, in Legons. &c., 1878 ; ScJnvalbe,

Gesetz des Mnskel-nerveneintritts, Arch. f. Anat. (u. Phys.), 1879.

Nerves of Non-striated Muscle.

—

Klebs, in Med. Centralbl., 1863, and Virch. Arch.,

XXXII., 1864; Frankenhauscn, in Med. Centralbl., 1&66 ; TolotscMnoff, in Arch, f,

mikr. Anat. V., 1869; Ariwld, article "Organ. Muskeln," in Strieker's Handb., 1871;
Lowit, in Wiener Sitzungsb., 1875.

A complete list of books and papers treating of the peripheral distribution and modes of

termination of sensory nerves will be found in the work by Merkel '

' Ueber die Endigungen
tier sensiblen Nerven, &c.," Eostock, 1880. To the list there given maybe added

—

Krause,
in Arch. f. mikr. Anat. XIX., 1880, -Z^Yem^ntn// in same joxwniA; Ranvier, in Qu. J. Micr. Sci.,

1880 (nerves in epidermis) ; and A'fcin in same journal (nerves of cornea). The following

treat of the nerve-endings in tendon :

—

C. Sachs, in Arch. f. Anat., 1875 ; Rollett, in

Wiener Sitzungsb., 1876 ; Golgi, in Atti. d. soc. di scienze nat. a Milano, XXL, 1879.

* According to S. Mayer, degeneration of nerve-fibres, followed by their regeneration,

is constantly found to occur as a normal process, witliout artificial severance from the

nutritive centre. Mayer conceives that in this way the nerve-fibres throughovit the body

fti'e continually being renewed.
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BLOOD-VESSELS.

The blood, from which the solid textra-es immediately derive material

for their nom-ishment, is conveyed through the body by branched tubes

named blood-vessels. It is driven along these channels by the action

of the heart, which is a hoUow muscular organ placed in the centre of

the sanguiferous system. One set of vessels, named arteries, conducts

the blood out from the hearc and distributes it to the different regions

of the body, whilst other vessels named veins bring it back to the heart

again. From the extreme branches of the arteries the blood gets into

the commencing branches of the veins or revehent vessels, by passing

through a set of very fine tubes which connect the two, and which,

though not abruptly or very definitely marked off fi'om either, are

generally spoken ofi" as an intermediate set of vessels, and by reason of

their smaUness are called the cajnllary {i.e., hair-like) vessels, or, simply,

the cajjillaries.

AETEEIES.

These vessels were originally supposed to contain air. This error,

which had long prevailed in the schools of medicine, was refuted by
Galen, who showed that the vessels called arteries, though for the

most part found empty after death, really contain blood in the living

body.

Mode of Distribution.—The arteries usually occupy protected

situations ; thus, after coming out of the great visceral cavities of the

body, they run along the limbs on the aspect of flexion, and not

upon that of extension where they would be more exposed to accidental

injury.

As they proceed in their course the arteries divide into branches, and
the division may take place in dift'erent modes. An artery may at once

resolve itself into two or more branches, no one of which greatly exceeds

the rest in magnitude, or it may give off several branches in succes-

sion and still maintain its character as a trunk. The branches come
off at different angles, most commonly so as to form an acute angle

with the further part of the trunk, but sometimes a right or an obtuse

angle, of which there are examples in the origin of the intercostal

arteries.

An artery, after a branch has gone off from it, is smaller than before,

but usually continues uniform in diameter or cylindrical until the next

secession ; thus it was found by Hunter that the long carotid artery of

the camel does not diminish in calibre throughout its length. A branch
of an artery is less than the trunk fr'om which it springs, but the com-
bined area or collective capacity of all the branches into which an artery

divides, is gTcatcr than the calibre of the parent vessel immediately above

the point of division. The increase in the joint capacity of the branches

over that of the trunk is not in the same proportion in every instance

of division, and there is at least one case known in Avhich there

is no enlargement, namely, the di'vision of the aorta into the common
iliac and sacral arteries ; still, notwithstanding this and other possible

exceptions, it must be admitted as a general rule that an enlargement
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of area takes place. From this it is plain that, since the area of the

arterial system increases as its vessels divide, the capacity of the

smallest vessels and capillaries will be greatest ; and, as the same rule

applies to the veins, it follows that the arterial and venous systems

may be represented, as regards capacity, by two cones whose apices

(truncated it is true) are at the heart, and Avhose bases are united in the

capillary system. The eflPect of this must be to make the blood move
more slowly as it advances along the arteries to the capillaries, .like the

current of a river when it flows in a wider and deeper channel, and to

accelerate its speed as it returns from the capillaries to the venous
trunks.

When arteries unite they are said to anastomose or inosculate.

Anastomoses may occur in tolerably large arteries, as those of the brain,

the hand and foot, and the mesentery, but they are much more frequent

in the smaller vessels. Such inosculations admit of a free communi-
cation between the currents of blood, and must tend to promote
.equability of distribution and of pressure, and to obviate the effects of

local interruption.

Arteries commonly pursue a tolerably straight com'se, but in some
parts they are tortuous. Examples of this in the human body are

afforded by the arteries of the lips and of the uterus, but more striking

instances may be seen in some of the lower animals, as in the well-

known case of the long and tortuous spermatic arteries of the ram and
the bull. In very moveable parts like the lips, this tortuosity wiU
allow the vessel to follow their motions without undue stretching ; but

in other cases its purpose is not clear. The physical effect of such a

Condition of the vessel on the blood flowing along it must be to reduce

the velocity, by increasing the extent of surface over which the blood

moves, and consequently the amount of impediment fr'om friction ;

still it does not satisfactorily appear why such an end should be

provided for in the several cases in which arteries are known to follow

a tortuous course. The same remark applies to the peculiar arrange-

ment of vessels named a "rete mkabile," where an artery suddenly

divides into small anastomosing branches, which in many cases unite

again to re-construct and continue the trunk. Of such retia mirabilia

there are many examples in the lower animals, but, as already remarked,

the purpose which they serve is not apparent. The best known instance

is that named the rete miraMle of Galen, which is formed by the intra-

cranial part of the internal carotid artery of the sheep and several other

quadrupeds.

Arteries possess considerable strength and a very high degree of

elasticity, being extensible and retractile both in then- length and their

wddth. When cut across they jjresent, although empty, an open orifice
;

the veins, on the other hand, collapse, unless when prevented by connec-

tion with surrounding rigid joarts.

Structure.—In most parts of the body the arteries ai-e inclosed in

a sheath formed of connective tissue, and their outer coat is connected

to the sheath by filaments of the same tissue, but so loosely that, when
the vessel is cut across, its ends readily shrink some way within the

sheath. Some arteries want sheaths, as those for example which are

situated within the cavity of the cranium.

Independently of this sheath, arteries (except those of minute size

whose structure will be afterwards noticed with that of the capillaries)
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liave been usually described as formed of three coats, named, from their

relative position, internal, middle, and external (fig. 178, in section)
;

and as this nomenclatm'e is generally followed in medical and surgical

Fig. 17S.

—

Transverse sectiox of part of the wall of the posterior tibial

ARTEIir (man). 75 DIAMETERS. (E.A.S.)

a, Epithelial and subepithelial layers of inner coat ; h, elastic layer (fenestrated mem-
brane) of inner coat, appearing as a bright line in section ; c, muscular layer (middle

coat) ; d, outer coat, consisting of connective tissue bundles. In the interstices of the

bundles are some connective tissue nuclei, and, especially near the muscular coat, a number
of elastic fibres cut across.

works, and also correctly applies to the structure of arteries so far as it is

discernible by the naked eye, it seems best to adheTe to it as the basis of

our description ; although it wiU be seen, as we proceed, that some of

these coats are found on microscopic examination really to consist of two
or more strata differing from each other in textm'e, and therefore reckoned

as so many distinct coats by some authorities.

Internal coat {Tunica iiitma) (fig. 178, a, b).

This may be raised from the inner sm-face of the

arteries as a fine transparent colourless membrane,
elastic but very easily broken, especially in the cir-

cular or transverse direction, so that it cannot be

stripped off in large pieces. It is very commonly cor-

rugated with fine and close longitudinal \M-inkles,

Fig. 179.

—

Epithelial layer lining the posterior tibial

ARTERY OF MAN. 250 DIAMETERS. (E.A.S.)

Nitrate of silver preparation.

caused most probably by a contracted state of the

artery after death. Such is the appearance presented

by the internal coat to the naked eye, but by the aid

of the microscope, it is found to consist of three

different structm-es, namely :

—

1. An epithelial layer (fig. 178, a, and fig. 179)
forming the innermost part or lining. This is a sim-

ple layer of thin elliptical or u-regularly polygonal

cells, which are often lengthened into a lanceolate

shape. The cells have round or oval nuclei, with nucleoli : their out-

lines are often indistinct in the fresh state, but may be brought into

view by means of nitrate of silver.
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2. A sudepifhelial layer (striated layer of KoUiker). This is composed
of a finely fibrillated connective tissue with a number of branched cor-

puscles lying in the ceU-spaces of the tissue (fig. 180). This layer

is most developed in the

Fig. ISO. larger arteries : it exists how-
ever in the medium-sized

Fig. 180.

—

Cell-spaces of sub-

epithelial LAYER OF ARTER?
(posterior tibial). 250 diame-
ters. (E.A.S.)

'
V n^SK' r ' '-^ '^^® groiind substance is stained

'^ ^Fo'^^^'^t'^ ^^ nitrate of silver, and the cell-

- ;*' >-•" ^Ji^V spaces of the tissue are thus made
' ' »V "*j'^.*.*^i manifest as white patches, the con-

r' ~' jTLi'v^-iWiar ^ -
I tained cells not being seen.

^.m:

ones. In the aorta it is very well marked and contains a large number of

anastomosing cells and cell-spaces lying on a finely fibriUated ground-

substance. Moreover, longitudinal networks of very fine elastic fibres,

which are in continuity with the larger elastic fibres of the next layer,

occur in it in the aorta.

3. Elastic layers (fig. 178, I). These form the chief substance of the

inner coat. The elastic tissue forms longitudinal networks of fibres

(fig. 181), which consist of one or more layers of different degrees of

closeness. Not uncommonly some of these (or one in particular)

Fig. 181. Fig. 182.

Fig .181.

—

Elastic ketwoek of artery. 250 diameters (Kolliker).

Fig. 182.

—

Portion of fenestrated membrane from the femoral artery, magnified
200 diameters (Henle).

«, 6, c, perforations.

take on a membranous character, in which case the " perforated " or
" fenestrated " membrane of Henle is formed. This consists of a thin

and brittle transparent fihn of elastic tissue. It can be stripped

off in small shreds, which have a remarkable tendency to curl in at

their borders, and roll themselves up as represented in fig. 182. The
films of membrane are marked by fine pale lines, following principally
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a longitudinal direction, and joining each other obliqnely in a sort

of network. These lines are reticulating fibres formed upon the mem-
branous layer and continuous with the reticulating elastic fibres which
pervade the muscular coat on the one side and with those which extend

into the subepithelial layer on the other. The membrane is fiu'ther

remarkable by being perforated with numerous round, oval, or irregularly

shaped apertures of different sizes. In some parts of the arteries the

perforated membrane is very thin, and therefore difficult to strip ofP ; in

other situations it is of considerable thickness, consisting of several layers ;

in which case it tends in the outer layers to lose its membranous character :

indeed it must be borne in mind that every transition is met with between
the fenestrated membranes, and the longitudinal elastic network.

The inner coat may thus be said to be formed of (1) a layer of flattened

epithelial cells, (2) a layer of delicate connective tissue mth branched
cells ; and (3) of elastic tissue under two principal forms, namely, the

longitudinal elastic networks and the fenestrated membrane ; and these

two forms may coexist in equal amount, or one may predominate, the

other diminishing or even disappearing altogether.

Middle coat {Tunica media) (fig. 178, c). This consists of plain

muscular tissue, in fine bundles, disposed circularly round the vessel, and
consequently tearing off in a circular direction, although the individual

bundles do not form complete rings. The considerable thickness of the

walls of the larger arteries is due chiefly to this coat ; and in the smaller

Fig. 183. Fiff. 184.

1

Fig. 183.

—

Muscular fibke-celis erom human arteries. Magnified 350 diameters.

1. From the popliteal artery ; a, natural ; 5, treated with acetic acid. 2, From a
small branch of the i^osterior tibial (from Kolliker).

Fig. 184.

—

Muscular fiere-cells from superior thyroid artery (man)." S40
diameters. (E.A.S.)

ones, it is said to be thicker in comparison with the calibre of the vessel.

In the larger vessels it is made up of many layers ; and elastic films

either finely reticular, or quite similar to the fenestrated membrane of

the inner coat, are found between the muscular layers alternating with
them, and also being united with one another by elastic fibres passing

between the muscular bundles. In most arteries this elastic tissue of the
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middle coat is but sliglitly developed, but in the aorta (fig. 183) and
carotid arteries and in some of the branches of the latter, it attains a

considerable development, and since in them also elastic fibres are seen

extending into the subepithelial layer of the inner coat, the distinction

between the inner and middle coats as shown in section is far less marked
than it is in ordinary arteries. The middle coat is of a tawny or reddish

yellow colour, not unlike that of the elastic tissue, but, when quite fresh,

it has a softer and more translucent aspect. Its internal part is often

described as redder than the rest, but the deeper tint is probably due to

staining by the blood after death.

The muscular fibre-cells of the middle coat of the arteries (fig. 183 and
fig. 184) are seldom more than from -^^^ to -^^ of an inch long and
frequently, especially in those arteries in which the elastic tissue of the

middle coat is most developed, present a very irregular shape with jagged

extremities (fig. 184). Their nuclei are distinctly rod-shaped and are

often slightly curved.

Bundles of white connective-tissue fibrils may also occur in small

quantity in the middle coat, the proportion increasing with the size of

the artery. It is important to note that the muscular tissue of the

middle coat is more pure in the smaller arteries, and that the admixture

of other tissues increases in the larger-sized vessels ; in these, moreover,

the muscular cells are smaller. Accordingly, the contractility of the

arteries, which depends on their middle coat, is little marked in those of

large size, but becomes much more conspicuous in the smaller branches.

External coat {Tunica advmtitia) (fig. 178, d). This is composed
mainly of fine and closely-felted bundles of white connective tissue,

together with a variable amount of longitudinally disposed elastic tissue

between the bundles (in the figm-e this is seen cut across). The latter is

much more abundant towards the inner part, next the muscular coat,

and is frequently described as constituting here a distinct elastic layer :

it is most marked in arteries of medium calibre, becoming thianer, and
at length gradually disajDpearing in those of small size.

In large and middle-sized arteries the bundles of white connective

tissue chiefly run diagonally or obliquely round the vessel, and their

interlacement becomes much more open and lax towards the surface of

the artery, where they connect the vessel with its sheath or with other

surrounding parts. Longitudinally arranged contractile fibre-cells have

been described by various observers in the external coat of some of the

larger arteries (especially the ihacs, superior mesenteric, splenic, renal

and dorsalis penis, and in the umbilical arteries of the foetus). In the

nmbilical arteries, according to Eberth, a complete layer of longitudinal

muscular fibres is also present in the middle coat, internal to the ordinary

circular fibres. Scattered longitudinal muscular cells are present in some
arteries amongst the circularly disposed fibres of the middle coat, and
even in the subepithelial layer of the internal coat. The outer coat is

usually of greater proportionate thickness in the smaller arteries, but

as it shades off into the surrounding connective tissue it is difficult to

adjudge its exact thickness.

Some arteries have much thinner coats than the rest, in proportion to

their cahbre. This is strikingiy the case with those contained within

the cavity of the cranium, and in the vertebral canal ; the dili'erence

depends on the external and middle coats, which in the TCfsels referred

to are thinner than elsewhere.
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Vessels and Nerves of Arteries.—The coats of arteries receive

small vessels, both arterial and venous, named vasa vasorum, which
serve for their nutrition. The little nutrient arteries are not derived

immediately from the cavity of the main vessel but pass into its coats

from branches which arise from the artery (or sometimes from a neighbour-

ing artery), at some distance from the point where they are ultimately

distributed, and divide into smaller branches within the sheath, and upon
the surface of the vessel, before entering the outer coat where they are

distributed. In some of the larger mammals, a few pass into the

middle coat, and foUo\^'' the circular course of its fibres, but in health

none penetrate into this coat in the human subject and still less into the

internal coat (Ranvier). Minute venules return the blood from these

nutrient arteries, which, however, they do not closely accompany, and
discharge it into the vein or pair of veins which usually runs alongside

the artery. Lymphatics are present in the outer coat.

Arteries are generally accompanied by larger or smaller nerves ; and
when, in the operation of tying an artery, these happen to be included

along with it in the ligature, j^ain is experienced ; but the vessel itself,

when in a healthy condition, is insensible. Nerves are, nevertheless,

distributed to the coats of arteries. They form plexuses round the

larger arteries, and run along the smaller branches in form of fine

bundles of fibres, which here and there twist round the vessel, and
unite with one another in a plexiform manner. The fine branches

destined for the artery penetrate to the middle coat, to the muscular
tissue of which they are chiefly distributed.

Minute ganglia are found in various parts connected with the arteries,

but their existence does not appear to be by any means universal.

VEINS.

Mode of distribution.—The veins are ramified throughout the body,

like the arteries, but in most regions and organs of the body they are

more numerous and larger, so that the venous system is altogether more
capacious than the arterial. The pulmonary veins form an exception to

this rule, for they do not exceed in capacity the pulmonary arteries.

The veins are arranged in a superficial and a deep set, the former
running immediately beneath the skin, and thence named subcutaneous,

the latter usually accompanying the arteries, and named vence. comites vel

satellites arteriarum. The large arteries have usually one accompanying
vein, and the medium-sized and smaller arteries two, but there are

exceptions to this rule. The veins within the skull and spinal canal, the

hepatic veins, and the most considerable of those belonging to the bones,

run apart from the arteries.

The communications or anastomoses between veins of considerable

size, are more fi-equent than those of arteries of equal magnitude.

Structure.—The veins have much thinner coats than the arteries,

and collapse when cut across or emptied ; whereas a cut artery presents

a patent orifice. But, notwithstanding their comparative thinness, the

veins possess considerable strength, more even, according to some
authorities, than arteries of the same calibre. The number of their coats

has been differently reckoned, and the tissues composing them differently

described by different writers, and this discrepancy of statement is

perhaps partly due to the circumstance that all veins are not perfectly
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alike in structure. In most veins of moderate size, three coats may be
distinguished, which, as in the arteries, have been named external,

middle, and internal.

Internal coat.—This is less brittle than that of the arteries, and
therefore admits of being more readily peeled off without tearing ; but,

in other resiDCcts, the two are much alike. It consists of an epithelium, a

sulepithelial connective tissue layer, and an elccstic layer (fig, 185, a, d).

The epithelium of the veins is similar in character to that of the

arteries, but the cells are shorter and broader. The subepithelial layer

is less developed in most veins than in the arteries, and indeed is absent

altogether in many. It is better marked in some of the medium-sized
veins than in the larger trunks. The elastic tissue of the inner coat

occurs as dense lamelliform networks of longitudinal elastic fibres, and

Fig. 185.

Fig. 185.

—

Transverse section op part of the wall of one of the posterior
TIBIAL VEINS (MAn). (E. A. S.)

a, Epitlielial and subepithelial layers of inner coat ; i, elastic layers of inner coat ; c,

middle coat consisting of irregular layers of muscular tissue, alternating with connective

tissue, and passing somewhat gradually into the outer connective tissue and elastic coat, d.

but seldom as fenestrated membranes. Longitudinal muscular bundles,

as well as isolated contractile cells, are found in the inner coat of
some veins.

Middle coat.—This tunic is thinner than that of the arteries, and
has a much larger admixture of white connective tissue. It is per-

vaded by an elastic network, but this is even less conspicuous in the

veins than in the arteries. In the veins of the limbs (especiaUy the

upper) and in those of some other parts, the muscular fibre-cells have
for the most part as in the arteries a transverse direction, although

the layer which they form is not everywhere comj)lete, being separated

into bundles by the intervention of connective tissue (fig. 185, c).

But in many veins some of the innermost fibres of the middle coat

take a longitudinal course. This is the case with the iliac, crural,

branches of the mesenteric, umbilical of the foetus, and other veins

(Eberth).

In many of the larger veins the middle coat is less developed, especially

as regards its muscular fibres, but in such cases the deficiency may be
supplied by muscularity of the outer coat. The middle coat is wanting
altogether in the thoracic part of the inferior vena cava, but is well

marked in the hepatic part : in the part below the liver the muscularity
of the middle coat is less marked. In the internal and external jugular
veins there is but a slight development of the muscular tissue.

External coat (fig. 185, cl).—This is often thicker than the middle
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coat ; but tlie line of junction between them is not sharply marked. It

consists of dense areolar tissue and longitudinal elastic fibres. In certain

large veins, as pointed out by Remak, this coat contains a considerable

amount of plain or non-striated muscular tissue. Thus the muscular

elements are well marked in the whole extent of the abdominal cava,

ill which they form a longitudinal network, occupying the inner part of

the external coat ; and they may be traced into the renal, azygos,

spermatic and external iliac veins. The muscular tissue of the external

coat is also well developed in the trunks of the hepatic veins and in that

of the vena portse, whence it extends into the splenic and superior mesen-

teric. It is found also in the axillary vein.

Other veins present peculiarities of structure, especially in respect of

muscularity, as follows. 1. The striated muscular tissue of the auricles

of the heart is prolonged for some way on the adjoining part of the venEe

cavEe and pulmonary veins. 2. The (plain) muscular tissue is largely

developed in the veins of the gravid uterus, in which, as well as in

some other veins, it is described as being present in all three coats, and

as having for the most part a longitudinal arrangement. 3. On the

other hand, muscular tissue is wanting in the following veins, viz., a,

those of the maternal part of the placenta ; &, most of the veins of the

pia mater ; f , the veins of the retina ; d, the venous sinuses of the dura

mater ; e, the cancellar veins of the bones
; /, the venous spaces of the

corpora cavernosa. In most of these cases the veins consist merely of

an epithelium and a layer or layers of connective tissue more or less

developed; in the corpora cavernosa the epithelium is applied to the

trabecular tissue. It may be added that in the thickness of their coats

the superficial veins surpass the deep, and the veins of the lower limbs

those of the upper.

The coats of the veins are supplied with nutrient vessels, vasa

vasorum, in the same manner as those of the arteries. Nerves are

distributed to them in the same manner as to the arteries, but in far

less abundance.

Valves.—Most of the veins are

provided with valves, a mechanical

contrivance adapted to ]3revent the

reflux of the blood. The valves are

formed of semilunar folds of the in-

ternal coat, strengthened by included

Fig. ISG.

—

Diagram showing valves op

VEINS.

A. Part of a vein laid open and sjjread

out, with two pairs of valves. B. Longitudi-

nal section of a vein, showing the apposition

of the edges of the valves in their closed

state. C. Portion of a distended vein, ex-

hibiting a swelling in the situation of a pair

of valves,

connective tissue, and projecting into the vein. Most commonly two

such folds or flaps are placed opposite each other (fig. 186, a) ; the

convex border of each (which, according to Haller, forms a parabolic

curve) is connected with the side of the vein ; the other edge is fi'ee,

and points towards the heart, or at least in the natural direction of the

cmTent of the blood along the vessel, and the two flaps incline obliquely

Pig. 186.
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towards eacli other in this direction. Moreover the wall of the rein
immediately on the cardiac side of the curved line of attachment
of the valves, is dilated into a pouch or simis (fig. 186, b), so that,

when distended with blood or by artificial injection, the vessel bulges

out on each side, and thus gives rise to the appearance of a knot or

swelling wherever a valve is placed (as in fig. 18G, c). From the above
description, it is plain that the valves are so directed as to offer no
obstacle to the blood in its onward flow, but that, when fi'om pressure or

any other cause it is driven backwards, the refluent blood, gettmg"

between the dilated wall of the vein and the flaps of the valve, will

press them inwards until their edges meet in the middle of the channel

and close it up.

The epithelium-cells differ in shape and arrangement upon the two
surfaces of the valves. On the side which faces inwards, and past

which the current of blood flows, the cells are elongated in the

direction of the current, whereas upon the opposite side which, when
the valves are thrown back, faces the wall of the vein, the cells are

elongated transversely. The main substance of the valve is formed by
bundles of connective tissue, which have for the most part a transverse

arrangement, and between which a few elastic fibres are seen. The
tissue is covered on each surface by a prolongation of the inner coat of

the vein, the covering being much thicker on the inner than on the

outer sm'face. The valve is thinner close to its attachment than else-

where. At its base a few transverse muscular fibres are sometimes seen,

prolonged into it from the middle coat.

The valvular folds are usually placed in jaairs as above described ; in the veins

of the horse and other large quadrupeds three are sometimes found ranged round
the inside of the vessel ; but this rarely occurs in the human body. On the other

hand, the folds are placed singly in some of the smaller veins, and in large veins

single valvular folds are not unfrequently placed over the openings of smaller

entering branches ; also in the right auricular sinus of the heart there is a single

crescentic fold at the orifice of the vena cava inferior, and another more com-
pletely covering the opening of the principal coronary vein.

Many veins are destitute of valves. Those which measure less than jijth of an inch
(about 2 millimeters) in diameter rarely, if ever, have them. In man, valves

are wanting in the superior and inferior venae cavte, in the trunk and branches

of the portal vein, in the hepatic, renal, and uterine veins ; also in the spermatic

(ovarian) veins of the female. In the male, these last-mentioned veins have valves

in their course, and in each sex a little valve is occasionally found in the renal vein,

placed over the entrance of the spermatic. The pulmonary veins, those within

the cranium and vertebral canal, and those of the cancellated texture of bone, as

well as the trunk and branches of the umbilical vein, are also without valves.

In the azygos and intercostal veins valves are not generally found, and when
present are few in number. On the other hand, they are numerous in the veins

of the limbs (and especially of the lower limbs), which are much exposed to

pressure in the muscular movements or from other causes, and have often to

support the blood against the direction of gravity. No valves are met with in

the veins of reptiles and fishes, and not many in those of birds.

SMALLER ARTERIES AND VEINS AND CAPILLARIES.

That the blood passes from the extreme arteries into the veins was
a necessary part of the doctrine of the circulation, as demonstrated by
Harvey, in 1628; but the mode in which the jsassage takes place was
not ascertained until some time after the date of his great discovery.

The finding of the capillary vessels, and of the com-se of the blood
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through them, was in fact one of the first jfruits of the use of the micro-

scope in anatomy and physiology, and was reserved for Malpighi (in 1661).

When the web of a frog's foot is viewed tlirough a microscope of

moderate power (as in fig. 187), the blood is seen passing rapidly along

the small arteries, and thence more slowly

through a network of finer channels, by Fig. i87.

which it is conducted into the veins.

These small vessels interposed between the

finest branches of the arteries and the

Fig. 187.

—

Capillary blood-tesskls in the web
OP A frog's foot, as seen with the microscope

(after Allen Thomson).

The aiTOws indicate the course of the blood.

commencing veins, are the capillary vessels.

The course of the blood in them may be

conveniently seen also in the lungs or

mesentery of the frog, in the external gills

and tail of tadpoles ; in the tail of small fishes ; in the mesentery of

small quadrupeds ; and generally, in short, in the transparent vascular

parts of animals wliich can be brought under the microscope. These
vessels can also be. demonstrated by means of fine injections of coloured

material, not only in membranous parts, such as those above mentioned,
but also in more thick and opaque tissues, which can be subsequently

rendered transparent.

The capillary vessels of a part are most commonly arranged in a net-

work, the branches of which are of nearly uniform size, though not all

strictly equal ; and thus they do not divide into smaller branches like

the arteries, or unite into larger ones like the veins ; but the diameter of

the tubes, as well as the shape and size of the reticular meshes which
they form, diflPers in different textures. Their prevalent size in the

human body may, speaking generally, be stated at from g-gVo" ^^ ao'o'o of

an inch, as measured when natm'ally filled with blood. But they are

said to be in some parts considerably smaller, and in others larger than
this standard : thus, Weber measured injected capillaries in the brain,

which he found to be not wider than ^^Vo of an inch, and Henle has
observed some still smaller,—in both cases apparently smaller than the

natural diameter of the blood-corpuscles. The capillaries, however, when
deprived of blood, probably shrink in cahbre immediately after death ;

and this consideration, together with the fact that thefr distension by
artificial injection may exceed or fall short of what is natural, should make
us hesitate on such evidence to admit the existence of vessels incapable

of permitting the red. corpuscles of the blood easily to pass through them.
The diameter of the capillaries of the marrow of the bones is stated

to be i^Vo of an inch. In other parts, their size varies between the
extremes mentioned : it is small in the lungs, and in muscle ; larger in
the skin and mucous membranes. The extreme branches of the arteries

and veins in certain parts of the synovial membranes are connected by
capillary loops, which are considerably dilated at their point of flexure,

and dilatations are also found upon the transverse capillaries of the red
muscles of the rabbit.

There are difPerences also in the size or width of the meshes of the
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FjV. 188.

capillary network in different parts, and consequently in the number of

vessels distributed in a given space, and the amount of blood supplied to

the tissue. The network is very close in the lungs and in the choroid

coat of the eye, and comparatively close in muscle, in lat, in the skin,

and in most mucous membranes, also in glands and secreting structures,

and in the grey part of the brain and spinal cord. On the other hand,

it has wide meshes and comparatively few vessels in the ligaments,

tendons, and other allied textures. In infants and young persons, the

tissues are comparatively more vascular than in after-life.

The figure of the capillary network is not'the same in all textures.

In many cases the shape of the meshes seems accommodated to the

arrangement of the elements of the tissue in which they lie. Thus in

muscle, nerve, and tendon, the meshes are long and comparatively

narrow, and run conformably with the fibres and fasciculi of these

textures. In other parts, as in the lungs, in fat, and in secreting glands,

the meshes are rounded or polygonal, with no one dimension greatly pre-

dominating. In the papihge of the skin and mucous membranes, the vessels

of the network are often drawn out into prominent simple or ramified loops.

The smallest arteries and veins pass by gradual transition into the

capillary vessels, and their finest offsets approach veiy near to these in

structure ; these may therefore be conveniently considered along with
the capillary vessels.

Structure of the capillaries.—The Avail of the capillaries

proper is formed entirely of a simple

epithelial layer, composed of flattened

lanceolate cells joined edge to edge, and
continuous with the corresponding layer

which lines the arteries and veins. The
outlines of the cells or their lines of junc-

tion one with another may be made
apparent by nitrate of silver (fig. 188) ;

Fig. 188.

—

Oapillart vessels from the bladder of

THE CAT, MAGNIFIED (after Chrzonszczewskj.)

The outlines of the cells are stained by nitrate of

silver.

while the nuclei, which show a well-marked

network of nucleoplasm, may be brought

into view by logwood or carmine. Com-
monly there are not more than two or

three such cells in the cross section of a

capillary. At the points of junction of

the capillaries the cells are usuaUy broader

and not spindle-shaped, but radiate, with three or four pointed branches

fitting in between the cells of the three or four adjoining vessels which

meet at the spot (fig. 188, c, c, c').

In capillaries which have been submitted to the action of nitrate of silver, there

is here and there to be seen between the cells of the capillary wall an increase in

amount of the intercellular substance, appearing as an enlargement of the fine

line of the silver deposit. To these gaps in the capillary wall, which however are

closed by intercellular substance, J. Arnold has applied the term " stigmata ;
" they

axe analogous to the • pseudo-stomata " found between the epithelium cells of a
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serous membrane. It is probable that the white blood corpuscles, when migra-

ting from the blood-vessels, pass between the epithelium-cells, especially in the

situation of the stigmata.

Branched cells of the surrounding areolar tissue are found connected

intimately with the cells forming the capillary wall. This connection occurs

almost everywhere, but it is more obvious in parts which are pervaded by a

supporting network of retiform connective tissue, such as the substance of the

Fig. 189.

Fig. 189.—A SMALL AKTEET A, AND VEIN V, FROM THE STJBCira?ANEOTIS CONNECTIVE
TISSUE OF THE KAT. TREATED WITH NITRATE OF SILVER. 175 DiAMETERS (E.A.S.).

a, a', epithelium- cells with b, h', their nuclei ; m, m, transverse markings due to

staining of substance between the muscular fibre-cells ; c, c, nuclei of connective tissue

corjDuscles attached to exterior of vessel.

lymphatic glands, the solitary and agminated intestinal glands and adjacent
mucous membrane, where the small vessels and capillaries may even obtain a
continuous covering from the reticulating processes of the cells. This coating has
been named by His, advenUtia capillaris.

Outgrowths from the capOlaiy wall have been described by Strieker as occurring
not only in the progress of development, in the manner to be afterwards detailed,

but also in the fully developed capillaries of the frog ; and contraction both of

o 2
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the whole capillary wall and also of the individual cells of yotmg capillary vessels

has also been described (Strieker, Tarchanoff ), but it is not known whether the
walls of the capillaries of the adult mammal possess any appreciable contractility.

Structure of the small arteries and veins.—In vessels a little

larger than the capillaries, there is added outside the epithelial layer

(fig. 189, a, a'), a layer of j)lain muscular tissue, in form of the usual

long contractile fibre-cells, which are directed across the length of the

vessel (fig. 189, m, m). The elongated nuclei of these cells may be
brought into view by means of acetic acid or by staining fluids. This
layer corresponds with the middle coat of the larger vessels. In
the smallest vessels in which it appears the muscular cells are few and
apart, and a single long cell may turn spirally round the tube (Lister)

;

in larger vessels, especially those of the arterial system, the muscular
cells are more closely arranged. Outside the muscular coat is the

areolar or connective tissue coat, containing fibres and connective

tissue corpuscles, with longitudinally placed nuclei.

In vessels of -gL- of an inch in diameter, or even less, the elastic layers

of the inner coat may be discovered (fig. 190, a, 8), in the form generally

Fi-^'. 190.—A SMALL ARTERY A, WITH A CORRESPONDING VEIN B, TREATED WITH ACETIC

ACID, AND MAGNIFIED 350 DIAMETERS (after KolUker).

o, external coat with elongated nuclei ; fi, nuclei of the transverse muscular tissue of the

middle coat (Avben seen endwise, as at the sides of the vessel, their outline is circular)
j

7, nuclei of the epithelium-cells ; 5, elastic layers of the inner coat.

of homogeneous or fenestrated membrane, more rarely of longitudinal

reticulating elastic fibres. The small veins differ from arteries of corres-

ponding size, chiefly in the inferior development of their muscular tissue j

the lining cells of the arteries also are very much longer and narrower

than those of the veins. These differences, as weU as the comparative
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size of corresponding vessels, are well shown in the accompanying
figures (189 and 190).

The only open communication between the arteries and the veins, is by means of

capillary vessels as above described, unless in the maternal part of the placenta and
in the interior of erectile organs, in which small arteries may open directly into wide
venous cavities without the intervention of capillaries. Moreover, in the spleen the

arterial capillaries do not at once pass into the commencements of the veins, but open
into the interstices of the organ, from which the minute veins collect the blood.

It is said that in certain parts small arteries may pass into small veins without
the intervention of tme capillaries (Sucquet, Hoyer).

Arterial glands.—At the upper end of the common caxotidi (^carotid gland) and
in front of the apex of the coccyx (coccygeal gland, Luschka), are found small

solid-looking bodies of a somewhat glandular appearance, but composed almost
entirely of a plexus of minute arteries, which are derived in the one case directly

from the carotid, in the other from the middle sacral. The plexiform vessels are

invested by one or more layers of granular polygonal cells, apparently like those

found in the interstitial tissue of some other organs (testis, ovary, thyroid, supra-

renal bodies), and probably modifications of the more widely distributed plasma-
cells of the connective tissue. The whole is invested by connective tissue, which
also penetraters between the vessels of the so-called gland, and itself contains

numerous granular ceEs. The true nature and function of these peculiar struc-

tures is entirely unknown.

DEVELOPMENT OP BLOOD-VESSELS.

The first vessels which appear in the ovum are formed in the meso-
derm, and the process subsequently goes on in the same layer and in its

derivatives in all parts of the animal body. New vessels, also, are formed
in the healing of wounds, in the restoration of lost parts, and in the

Fig. 191.

—

Paet of the network op developing blood-vessels in the vascular
AKEA OP THE GUINEA-PIG. (E. A, S.)

II, Uood-corpviscles becoming free in an enlarged and hollowed out part of the net-
work.^ The smaller figure on the left represents a of the larger figure, more highly
magnified ; d, a nucleus undergoing division.

production of adventitious growths. The process is in every case
essentially the same.
The first vessels of the embryo, both of the chick and mammal, are

formed in the vascular area, and originate from some of the cells of the
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Fig. 192.

mesoderm in that situation (fig. 191). Vacuoles are formed within the

cells, and as they increase in size they run together, and a cavity filled

with fluid is in this way produced in the interior of the cell, the nucleus

of which has meanwhile become multiplied, while blood-corpuscles are

formed within the cavity in the manner already described in connection

with the blood (p. 34). The cells, whilst these changes are going on,

increase largely in size, espe-

cially in the chick, where they
formvesicles (fig. 192),visibleto

the naked eye as minute reddish
specks, which have been known

Fig. 192.

—

Cells from middle later
OF chtck's blastoderm undergoing
DEVELOPMENT INTO BLOOD-VESSELS.

Magnified (from Klein).

a, cavity of cell ; 6, wall of cell

;

/, /, cells not yet hollowed out ; d,

blood-corpuscles.

since the time of Pander as
" blood - islands." The cells

are united to one another by
their processes, and after a

time the cavities become extended into the cell-processes, so that a net-

work of vessels is by this means produced.

The wall of these primary vessels is therefore composed at first merely

of the protoplasm of the original embryonic cells with a few nuclei,

derived by division from the original nuclei of those cells, imbedded
in it here and there. Subsequently the protoplasm becomes differenti-

ated around the nuclei into the flattened cells which compose the wall

of the capillaries, and which form the lining membrane of the arteries

and veins. The remaining coats of the larger vessels are developed later,

from other cells whicli apply themselves to the exterior of the previously

simple tubes and produce the plain muscular and other tissues of which
those coats consist.

Within the body of the embryo, vessels are formed in like manner from
cells belonging to the connective tissue. One of the most favourable

objects for the study of the development of the blood-vessels and their

contained blood-corpuscles is afforded by the subcutaneous tissue of

the new-born rat, especially those parts in which fat is being de-

posited.

Here we may observe that many of the connective tissue corpuscles

are much vacuolated, and that the protoplasm of some of them presents a

decided reddish tinge (fig. 193, h). In others the red matter has become
condensed in the form of globules within the cells (h', h", &c.), varying in

size from minute specks to spheroids of the diameter of a blood-corjauscle,

or more. At some parts the tissue is completely studded with these cells,

each containing a number of such spheroids, and forming, as it were,
" nests " of blood-corpuscles or minute " blood-islands." After a time

the cells become elongated and pointed at their ends, sending

out processes also to unite with neighbouring cells. At the same
time the vacuoles in their interior become enlarged, and coalesce to
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form a cavity within the cell (fig. 194, a), in which the reddish globules,

which are now becoming disk-shaped (&), are found. Finally the cavity

Fig. 193.

Fig. 193.

—

Commencing development op connective tissue cells into blood-vessels.

From the subcutaneous tissue of the new-born rat. (E. A. S.)

/i, a cell containiDg hemoglobin in a diffused form in the protoplasm ; h', one contain-

ing coloured globules of varying size, and vacuoles ; h", a cell filled with coloured globules

of nearly uniform size
; /, /', developing fat cells.

Fig. 194.

—

Further development of connective tissue cells into capillary blood-

vessels. (E. A. S.).

a, an elongated cell with a cavity in its protoplasm occupied by fluid and by blood-

coi'puscles which are stiU globular ; 6, a hollow cell the nucleus of which has multiplied.

The new nuclei are arranged around the wall of the cavity, the corpuscles in which have
now become discoid ; c, shows the mode of union of a " hsBmapoietic " cell, which in

this instance contain-s only one corpuscle, with the prolongation {hi) of a previously

existing vessel, a, and c, from the new-born rat ; h, from the foetal sheep.

Fig. 195.

Fig. 195.

—

Isolated capillary network formed by the junction op several hol-

LOWED-OUT CELLS, AND CONTAINING COLOURED BLOOD-CORPUSCLES IN A CLEAR FLUID.

c, a hollow cell the cavity of which does not yet communicate with the network
; p,p,

pointed cell-processes, extending in different directions for union with neighbouring

capillaries.
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extends througli the cell processes into those of neighbonring cells and
into those sent out from pre-existing capillaries (fig, 194, M), but a more
or less extensive capillary network is often formed long before the con-

nection with the rest of the vascular system is established (fig. 195).

Young capillaries do not exhibit the well-known lines when treated with

nitrate of silver, for the differentiation of the hollowed cehs and cell-

processes into flattened cellular elements is usually a subsequent process.

The mode of extension of the vascular system in growing parts of older

animals, as well as in morbid new formations, is quite similar to that

here described, except that blood-corpuscles are not developed within

the cells which are forming the blood-vessels.

Fig. 196.

The process of development of capil-

lary vessels has long been studied in

the tadpole's tail, and is represented in

the adjoining figure (fig. 196) by KoUiker,

in which the processes of a stellate cell

are seen to meet and join with similar

pointed processes which shoot out from
the sides of neighbouring capillary vessels,

and in this manner the new vessels are

adopted into the existing system. The
junctions of the cells with each other or

with capillary vessels are, at first, of

great tenuity, and contrast strongly with
the central and wider parts of the cells

;

Fig. 196. —CaPILLAKT BLOOD-VESSELS IN THE
TAIL OP A TADPOLE, MAGNIFIED 350
DIAMETERS (Kolliker).

a, capillaries permeable to blood ; h, accu-

mulations of granules concealing the nuclei

of the vascular wall ; c, hollow prolongation

of a capillary, ending in a point ; d, a

branched cell, containing a nucleus and
granules, and communicating by three

branches with prolongations of capillaries

already formed ; e, blood-corpuscles.

they appear then to be solid, but they
afterwards become pervious and gradually

widen, blood begins to pass through them,
and the capillary network acquii-es a
tolerably uniform calibre. The original

vascular network may become closer by
the formation of new vessels in its in-

terstices. This is effected by similarly

metamoi-phosed cells, arising in the

areola3 and joining at various points with
the surrounding vessels, and also simply

by pointed offshoots from the existing

capillaries stretching across the intervals and meeting from opposite sides, so as

when enlarged to form new connecting arches.

The blood-vessels may be said to increase in size and capacity in proportion to

the demands made on their service. Thus, as the uterus enlarges in pregnancy,

its vessels become enlai-ged, and when the main artery of a limb is tied, or

otherwise permanently obstructed, collateral branches, originally small and insig-

nificant, augment greatly in size, to afford passage to the increased share of blood

which they are required to transmit, and by this adaptation of them to the ex-
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gency, the circulation is restored. In such cases, an increase takes place in length,

as well as in diameter, and accordingly the vessels very commonly become tortuous.

Recent Literature :—On the stnicture of blood-vessels in general :

—

Eberth iu

Strieker's Handbook, 1871 (contains also literature up to that time) ; Ranvier in Traite

Technique, 1876.

On the structure of arteries -.— v. Ehner in Med. Centralbl., 1869 (aorta) ; Bresgen in

Virch. Arch., LXV. 1875 ; Bardeleben in Jena Sitziingsh., 1878 ; Eey-Aberg (aorta) in

Biolog. TJnters., herausg. von Gr. Retzius, 1881.

On the structure of veins :—Bardeleben in Jena Sitzungsh., 1877 and 1880.

On the structure of capillaries :
—Auerlach; Eberth ; Aeby in Med. Centralbl., 1865

;

Chrzonszczeioxky, Virch. Arch., XXXV. 1865 ; Tarchanoff in. Pfluger's Ai-ch., IX. 1874
;

Strieker in "Wiener Sitzungsb., 1876, and Med. Jahrb., 1878 (contractility).

On the development of blood-vessels :

—

His, Entwickl. d. Hiihnchens, 1868 ; Klein,

in Wiener Sitzungsb., LXIII. 1871 ; Rovget in Arch, de Physiol., 1872 ; F. M. Balfour

in Quart. Jour, of Micr. Sci., 1872 ; Schdfer in Proc. Eoy. Soc, 1873 ; Ranvier in Arch,

de Physiol., 1873 ; Schmidt in Monthly Micr. Jour., 1875 ; Leboueq in Bull. d. 1. Soc. de

Med. de Gand, 1875, and Kecherches, &c., 1876 ; Eollilcer, "Entwickelungsgesch.," 1879.

LYMPHATIC SYSTEM.

Under this head we include not only the vessels specially called

lymphatics or abscrtents, together with the glands belonging to them,

but also those named lacteal or chyliferous, which form part oJf the same
system, and differ in no respect from the lymphatics, save that they not

only carry lymph like those vessels, but are also employed to take up
the chyle from the intestines during the process of digestion and
convey it into the blood. An introductory outhne of the lymphatic

system has already been given at page S3.

A system of lymphatic vessels is superadded to the sanguiferous in

all classes of vertebrated animals, but this is not the case in the inver-

tebrata ; in many of these, the sanguiferous vessels convey a colourless

or nearly colourless blood, but no additional class of vessels is provided

for conveying lymph or chyle.

Distribution.—In man and those animals in which they are present,

the lymphatic vessels are found in nearly all the textures and organs

which receive blood ; the exceptions are few, and with the progress of

discovery may yet possibly disappear. It is, however, with the con-

nective tissue of the several textures and organs that the lymphatics are

most intimately associated ; indeed, as we shall immediately have
occasion to notice, these vessels may be said to take origin in spaces in

that tissue. The larger lymphatic trunks usually accompany the

deeply-seated blood-vessels ; they convey the lymph from the plexuses

or sinuses of origin towards the thoracic duct. The principal lymph-
atic vessels of a part exceed the veins in number but fall short of them
in size ; they also anastomose or intercommunicate with each other

much more frequently than the veins alongside of which they run.

It not unfr^equently happens that a lymphatic vessel or a close inter-

lacement of lymphatic vessels, may ensheath an artery or vein either

partially or wholly. In this case the lymphatic is termed " perivascular."

Origin.—Two modes of origin of lymphatic vessels are described,

viz., the plexiform and the lacunar or interstitial, but no sharp line of

distinction can be drawn between them, the difference depending chiefly

upon the nature of the tissue or organ to which the lymphatics aie

distributed. Thus in flat, membranous or expanded parts, the lymphatic
vessels usually form a network which is situated either in a single plane,

as in many parts of the serous membranes, or in two or more planes
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united by intervening vessels, as in the skin and some mucous mem-
branes. In the latter case the strata are generally composed of finer

vessels, and form a closer network, the nearer they are to the surface of

Fig. 197.

Fig. 197.

—

Lyjii'hatic plexus of central tendon op diaphragm of rabbit, pleural
SIDE (Klein). Magnified.

a, larger vessels with lanceolate cells and numerous valves ; 5, c, lympliatics of origin,

with wavy-bordei'ed cells. Here and there an isolated patch of similar cells.

the membrane in which they are distributed, but even the most super-

ficial and finest network is composed of vessels which are larger than

the sanguiferous capillaries.
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The lymphatics of origin are often very irregular in size and shape

(fig. 197, h, c). In them the lymph is collected, and it is conveyed away
from the tissues and organs by more regular vessels provided with valves

(fig. 197, a), which again combine to form larger lymphatic trunks.

Here and there vessels are seen joining the plexuses of origin which
arise in the tissue by a blind and often irregular extremity. A long-

known and well-marked example of such a mode of commencement is to

be found in the lacteals of the intestinal villi, which, although they form
networks in the larger and broader villi, arise in others by a single vessel

beginning with a blind or closed extremity at the free end of the villus,

whence it sinks do"\vn to join the general plexus of the intestinal membrane.
On the other hand in the more solid organs the lymphatic vessels

occupy the interstices of the organ, and in many cases lose in great

measure their character of distinct tubular canals, and appear simply

as cleft-like spaces ; which are, however, always bounded by an epithelial

layer, like that which lines the lymphatic vessels elsewhere.

The lacunar mode of origin of lymphatics was first described in the

testis by Ludwig and Tomsa, and it is now known to be characteristic of

most glandular organs. Occupying everywhere the interstices of the

penetrating connective tissue, the lymph bathes the exterior of the

tubules or alveoli of the gland, in many parts even separating them from
the capillary blood-vessels, so that the exchanges of material between the

plasma of the blood and the secreting cells of the gland must be carried

on through the intermedium of the lymph in these spaces. A network
of lymphatic spaces is also met with between the anastomosing muscular
fibres of the heart.

What may be regarded as a third mode of origin of lymphatics is to

be found in the open communications which subsist between the serous

cavities and the lymphatic vessels in their walls. These orifices or

siomaia, which will be described with the serous membranes, allow of
the passage of lymph from the serous cavities into the lymphatics, so

that those cavities may, in a certain sense, be looked upon as large lymph
lacunse. Owing to this communication fluid is not, under normal
circumstances, suffered to accumulate in them.

In some of tte lower animals the lacunar condition of lymphatics has been
long known. Rusconi found that the aorta and mesenteric arteries of amphibia
are inclosed in larg-e lymphatic spaces. Johannes Miiller recognised the spaces

which so extensively separate the frog's skin from the subjacent muscles as

belonging to the lymphatic system, and Recklinghausen has shown that the sub-

cutaneous lymph-spaces of the frog's leg communicate with lymphatic vessels

which envelope the blood-vessels of the foot ; also that milk injected into

these spaces finds its way into the blood. The lymphatic system, in being thus
constituted by lacuna or interstitial receptacles, so far agrees with the sangui-
ferous system of crustaceans and insects.

Structure.—In structure the larger lymphatic vessels much resemble
the veins, only their coats are thinner, so thin and transparent indeed
that the contained fluid can be readily seen through them. When
lymphatics have passed out from the commencing plexuses and lacunae,

they are found to have three coats. The internal coat is covered with
an epithelial lining, consisting of a single layer of flattened nucleated
cells, which have mostly an oblong or lanceolate figure, with an indented
or bluntly serrated border, by which the adjacent cells fit to each other
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Fig. 198.

(fig. 197, a). Outside the epithelial layer the inner coat is formed of

a layer or layers of longitudinal elastic fibres. The middle coat consists

of plain muscular tissue disposed circularly, mixed mth finely reticu-

lating elastic fibres taking the same direction. Over the dilatations

which occur in the vessels beyond each of the valves, the circular dis-

position of the muscular fibres gives place to a more irregular disposition,

taking the form of an intricate interlacement of fibres. The external

coat is composed mainly of white connective tissue with a sparing inter-

mixture of longitudinal elastic fibres, and some longitudinal and oblique

bundles of plain muscular tissue. In the thoracic duct there is a sub-

epithelial layer (as in the arteries) ; and in the middle coat there is a

longitudinal layer of white connective tissue with elastic fibres, immedi-
ately within the muscular layer. The muscular fibres of the middle coat,

although for the most part transverse in direction, are nevertheless many
of them oblique or even longitudinal.

The larger lymphatics have bloodvessels ramifying in their outer

coat.

The commencing lymphatics or lymphatic capillaries, whether in

plexuses or single (as in the villi), have a much simpler structure, their

wall being entirely formed of a layer

of flattened epithelial cells either similar

in form to those lining the larger ves-

sels or (more frequently) presenting

a characteristic waved border like the

epidermic cells of grassesand some other

plants (fig. 198).

Gaskell describes an attacliment of elastic

fibres to the walls of the smaller lymphatics
in some parts, and infers that the patency
of the lumen of these vessels may by this

means be restored after it has been tem-
porarily obliterated by pressure.

Valves.—The lymphatic and lac-

teal vessels are furnished with valves serving the same olfice as those of

the veins, and for the most part constructed after the same fashion.

They generally consist of two semilunar folds arranged in the same
way as in the valves of veins already described, but deviations from the

usual structure here and there occur. A difference is found in the

epithelium upon the two surfaces of the valves similar to that which
has been noticed in the valves of the veins.

Valves are not present in all lymphatics, hut where they exist they

follow one another at much shorter intervals than those of the veins,

and give to the lymphatics, when much distended, a beaded or jointed

appearance. Valves are j)laced at the entrance of the lymphatic trunks

into the great veins of the neck. They are generally wanting in the

reticularly arranged vessels which compose the plexuses of origin

already spoken of ; so that fiuid injected into one of these vessels runs

in all directions, so as to fill a greater or a less extent of the plexus,

and passes along the separate vessels which issue from it.

The lymphatics of fishes and amphibia are, generally speaking, desti-

tute ofvalves, and may therefore he injected from the trunks ; in the turtle

a few valves are seen on the larger lacteals which pass along the mesen-
tery, but none on those in the coats of the intestine ; and valves are

Fig. 198.

—

Epithelium op commenc-
ing LYMPHATIC (Auerbach). 240
DIAMETERS.
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much less numerous in the lymphatics and lacteals of birds than in

those of mammiferous animals.

Bielation of the lymphatics of origin to the cells and cell-spaces

of the connective tissue.—It has been abeady stated (p. 58) that

the cells of the connective tissue lie in spaces in the ground-substance

which they more or less completely fill. These cells and cell-spaces

form in many parts an intercommunicating network of varying fineness

extending throughout the substance of the tissue (fig. 199, d, d,

Fig. 199,

Fig. 199.

—

Nitrate of silver preparation from rabbit's omentum (Klein).

Magnified.

a, lymphatic vessel ; 6, artery ; c, capillaries ; d, branched cells of the tissue which
are seen to be connected both with the capillary walls, and, as at e, with the lymphatic.

fig. 200, c, c), whilst in other parts the cells acquire a broad flattened

form, and joining edge to edge with other similar cells may in this way
form an epithelioid patch in the ground substance. Not unfrequently

the cells in such a patch take on the wavy border described above
as met with in the lymphatics of origin (see the isolated patches

in fig. 197). Further, the flattened cells which form the walls of

the lymphatics 'are connected here and there both with the more
ramified cells of the tissue (fig. 199, e) and Avith those which form
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the epithelioid patches, and in silvered preparations they appear to be
continuous with one another. The epithelioid patches look in fact like

a part of the lymphatic vessels, and are commonly regarded as such : it

must be understood, however, that the spaces here spoken of, whether
containing single cells or groups, are not true vessels, but merely vacui-

Fig. 200.

Fig. 200.

—

Portion of serous membrane of diaphragm (pleural) from the rabbit,

TREATED WITH NITRATE OF SILVER AFTER REMOVAL OF SUPERFICIAL EPITHELIAL
LAYER (Recklinghausen).

c, c, cell-spaces of tissue ; cl, d, commencing iymiDhatic vessels connected at b, h, with
the cell-spaces,

ties in the ground-substance of the tissue containing flattened cells,

which do not form a continuous vascular Avail. And although the

spaces present a very close relation to the lymphatic vessels, they can
hardly be considered as actually opening into them by patent orifices,

for the lymphatics proper have a complete wall of flattened cells

united by a small amount of intercellular substance : at the same time
this thin film can offer but a very slight resistance to the passage of
fluid from the tissue into the vessel, or even to the passage of leuco-

cytes or migrating cells, which, as is well known, penetrate the at least

equally closed wall of the blood-vessels.
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It lias been a question whether the cell-spaces of the connective tissue are in

every case and completely filled by the cells, or whether the spaces may in

some cases be either devoid of cells altogether, or but partially occupied by
them ; so that room is left for the free passage of fluid. On this point we would
remark that in many cases it is impossible to observe a difference between the
forms of the cells as shown by the gold method, and those of the spaces

as shown by treatment with nitrate of silver, so that in these instances,

at least, no open lymph-passage can be said to exist ; but in other cases the
spaces are relatively larger, and here, no doubt, the part imoccupied by the
contained cell may be filled by fluid. In oedematous conditions of the tissue,

the cell-spaces become somewhat distended with serous fluid, and then in

all cases they appear distinctly larger than the cells. Even where the Soft-
candlchen or lymphatic canaliculi (which correspond with the cell-spaces) are

completely filled by protoplasmic cells, lymph can still readily find its way
between the cells and the ground-substance by which they are closely sur-

rounded. In other cases where the cells incompletely fill the cavities, a freer

passage is left for both fluid and migratory corpuscles.

A point still more difficult to decide is the existence or not of an open com-
munication between the areolce of the connective tissue and the lymphatic
vessels. The result of the injection of coloured fluids iuto the meshes of the
areolar tissue in many parts would lead to the conclusion that some such com-
munication may really exist, for the injection most generally flnds its way into

the lymphatics. But it is very difficult to demonstrate such a connection
anatomically, and up to the present time it can scarcely be said to be proved.

It must be remembered that the gi'ound-substance of the connective tissues is

itself by no means impermeable to fluids, nor as we have just stated can it be
supposed that the delicate walls of the commencing lymphatics can oppose any
material obstacle to the passage of fluid into their cavity.

Terminations of lympliatics.—The absorbent system discharges its

contents into the veins at two points, namely, at the junction of the

subclavian and internal jugular veins of the left side by the thoracic

duct, and at the corresponding part of the veins of the right side by the

right lymphatic trunk. The openings, as aheady remarked, are guarded
by valves. It sometimes happens that the thoracic duct divides, near its

termination, into two or three short branches, which open separately, but
near each other ; more rarely, a branch opens to the vena azygos

—

indeed the main vessel has been seen terminating in that vein. Again
it is not uncommon for larger branches, which usually join the thoracic

duct, to open independently in the vicinity of the main termination
;

and this is more apt to happen with the branches which usually unite to

form the right lymphatic trunk. By such variations the terminations

in the great veins are multiplied, but still they are confined in man to

the region of the neck ; in birds, reptiles, and fishes, on the other hand,

communications take place between the lymphatics of the pelvis,

posterior extremities and tail, and the sciatic or other considerable veins

of the abdomen or pelvis.

The alleged terminations of lymphatics in various veins of the abdomen, de-

scribed by Lippi as occurring in man and mammalia, have not been met with by
those who have since been most engaged in the prosecution of this department
of anatomical research, and accordingly his observations have generally been
either rejected as erroneous, or held to refer to deviations from the normal
condition. Nuhn, of Heidelberg, affirmed the regular existence of these abdo-

minal terminations, and referred to three instances which he met with himself.

In two of these the lymphatics opened into the renal veins, and in the other into

the vena cava.
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Lymphatic hearts.—J. Miiller and Panizza, nearly about the same time, but
independently of each other, discovered that the lymphatic system of reptiles is

furnished, at its principal terminations in the venous system, with pulsatile

muscular sacs, which serve to discharge the lymph into the veins. These organs,

which are named lymph-hearts, have now been found in all the different orders

of reptiles. In frogs and toads two pairs have been discovered, a posterior pair,

situated in the sciatic region, which pour their lymph into a branch of the

sciatic or of some other neighbouring vein, and an anterior more deeply-seated

pair, placed over the transverse process of the third vertebra, and opening into a

branch of the jugular vein. The parietes of these sacs are thin and transparent,

but contain muscular tissue, which here and there appears obscurely striated,

decussating in different layers, as in the blood-heart. In their pulsations they

are quite independent of the latter organ, and are not even synchronous with
each other. In salamanders, lizards, serpents, tortoises, and turtles, only a
posterior pair have been discovered, which, however, agree in all essential points

with those of the frog. In the goose, and in other species of birds belonging to

different orders, Panizza discovered a pair of lymph-sacs opening into the sacral

veins, and Stannius has since found that these sacs have striated muscular fibres

in their parietes. Nerve-fibres, both dark-bordered and pale, have been observed

in the lymph-hearts of the frog, and also nerve-cells in those of the common
tortoise (Waldeyer).*

Development of lymphatic vessels.—The development of lympli-

atic capillaries has been studied by Klein in the serous membranes. He
finds that the process is similar to that of the development of blood-

vessels. A vacuole is formed with in one of the ceUs of the connective

tissue, and becomes gradually larger, so as ultimately to produce a cavity

filled with fluid, with the protoplasm of the cell thinned out to form the

waU of the vesicle thus produced. From this protoplasmic wall portions

bud inwards into the cavity, eventually becoming detached as lymph-
corpuscles. Meanwhile the nucleus of the cell has become multiplied, and
the resulting nuclei are regularly arranged in the protoplasmic wall, which
now exhibits, on treatment with nitrate of silver, the well-known wavy
epithelial marking characteristic of the lymphatic capillaries. To form
vessels, the vesicles become connected with one another by means of

processes into which their cavities extend.

The cells lining these lymphatic vesicles, which are common in the meso-
gastrium of the frog and toad in the winter season bear, in the female of those

animals, cilia directed inwards towards the cavity of the vesicles. As the de-

velopment into vessels proceeds, the cilia disappear (Klein). Remak, who first

noticed these ciliated vesicles, took them for cysts in the membrane.
KoUiker has observed the formation of lymphatics from ramified cells in the

tails of young salamander-larvse. He states that the process takes place nearly

in the same manner as in the case of sanguiferous capillaries ; the only notable

difference being, that whilst the growing lymphatics join ramified cells, and
thus extend themselves, their branches very rarely anastomose or become con-

nected by communicating arches.

LTMPHATIO GLANDS.

Lymphatic glands, named also conglobate glands, and by modern
French writers lymphatic ganglions, are smaU solid bodies placed in the

* Miiller's description is to be found in the Philosophical Transactions for 1833

;

Panizza's in a special memoir on the Lymphatic System of Reptiles, published in the

same year. For a more complete account of the lymphatic hearts the reader is referred

to the "Lemons d'Anatomie Generale," delivered by Prof. Ranvier in the College de France

in 1877-78, and published in 1880. A paper on the same subject by Mr. J. Priestley in

the Journal of Physiology, Vol. I. 1878, may also be consulted.
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course of the lymphatics and lacteals, through which the contents of these

vessels have to pass in their progress towards the thoracic or the right

l)anphatio duct. These bodies are collected in nnmbers alongside of

the great vessels of the neck, and also in the thorax and abdomen, espe-

cially in the mesentery and alongside of the aorta, vena cava inferior, and
iliac vessels. A few, usually of small size, are found on the external

parts of the head, and considerable groups are situated in the axilla and
groin. Some three or four lie on the popliteal vessels, and usually one

is placed a little below the knee, but none farther down. In the arm
they are found as low as the elbow joint.

The lymph of some lymphatic vessels has to traverse two, three, or

even more lymphatic glands before reaching the thoracic duct, whilst, on
the other hand, there are lymphatics which enter the thoracic duct

without having traversed any gland in their way.

The size of lymphatic glands is very various, some being not much
larger than a hempseed, and others as large as an almond or a kidney

Fi?. 201.

Fig. 201.—DiAGKAJIMATIC SECTION OP LYMPHATIC GLAND (Sharpey).

a. I, afferent ; e. I, efferent lymphatics. C, cortical sutstance. M, reticulating cords

of medullary substance. I. s, lymph-sinus ; c, fibrous coat sending trabeculse, tr, into

the substance of the gland.

bean, or even larger than this. In shape, too, they present differences,

but most of them are round or oval.

The lymphatics or lacteals which enter a gland are named inferent or
afferent vessels {vasa infereniia sen afferentia), and those which issue

from it efferent vessels {vasa effere?ttia). The afferent vessels (fig. 201,
a. I), on approaching a gland, divide into many small branches, which
enter the gland ; the efferent vessels commonly leave the gland in the form
of small branches, and at a little distance beyond it, or sometimes even

VOL. II. p
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before issuing from it, unite into one or more trunks {e. I), usually larger

in size but fewer in number than those of the afferent vessels.

A lymphatic gland is covered externally with a coat (figs. 201, 203, c)

composed of connective tissue, mixed, in certain animals, with mus-
cular fibre-cells. This coat or capsule dips into the interior of the

gland at the place where the larger blood-vessels and the efferent

lymphatics pass into and out of the organ ; and this part of the gland,

which often presents a depression or fissure, is named the Julus (fig.

202, a). The proper substance of the gland consists of two parts, the

cortical (fig. 201, G), and within
Fig- 202. ihi& the medttUar1/(31). The cortex

occupies all the superficial part of

the gland, except the hilus, and in

Fig. 202.

—

Section of a mesenteric gland
FROM THE OX, SLIGHTLY MAGNIFIED

(KoUiker).

a, hilus ; b, medullary substance ; c, cor-

tical substance with indistinct alveoli ; d,

capsule.

the larger glands may attain a thick-

ness of one or two millimeters. The
medullary portion occupies the centre and extends to the surface at the

hilus. It is most developed in the inwardly-seated glands, such as the

lumbar and mesenteric, whilst in the subcutaneous glands it is more
encroached upon by the connective tissue which enters with the larger

Fig. 203.

Fig. 203.— Section of a mesenterio GIiAhd of the ox (magnified 12 diameters).

After His.

The section includes a portion of the cortical part, A, in its whole depth, and a smaller

portion of the adjoining medullary part, B ; c, c, outer coat or cajDSule sending partitions

into the cortical part, eventually formingthe trabeculas, t, t, which are seen mostly cut across

;

d, d, the glandular substance forming nodules in the cortical part, A, and reticulating

cords in the medullary jiart, B ; 1,1, lymph-sinus or lymph-channel, left white.
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"blood-vessels at the hiliis, and surrounds them, together with the lymph-

vessels, in the centre of the gland, so that in these the meduUary part is

reduced to a layer of no great thickness bounding inwardly the cortical

part.

Throughout both its cortical and medullary part the gland is pervaded

by a trabecular frame-work which incloses and siij)ports the proper glan-

dular substance. The trabecul^e pass inwards from the capsule (fig. 203).

They consist, in the ox and most animals, chiefly of plain muscular tissue
;

in man, of connective tissue, sparingly intermixed with muscular fibre-

cells. In the cortical part they are mostly lamellar in form, and divide

the space into small compartments, alveoli, from -^^ to ^V of ^^ i^ch wide,

which communicate laterally with each other through openings in the

imperfect partitions between them (fig. 203, a). On reaching the

medullary part the trabeculse take tlie form of flattened bands or cords,

and by their conjunction and reticulation form a freely intercommuni-

cating meshwork throughout the interior. (In the figm-e they are repre-

sented mostly as cut across.) In these alveoles and meshes is included

the proper glandular substance, which appears as a tolerably firm pulp

or parenchyma, agreeing in nature with lymphoid tissue. Within the

alveoli of the cortical part this forms rounded nodules (fig. 203, A, d)
;

in the trabecular meshes of the medullary j)art it takes the shape of

rounded cords {lijmplwid cords) joining in a corresponding network

(fig. 203, B, d) ; and, aathe containing meshes inter-communicate, so the

contained gland-pulp is continuous throughout. But both in the

cortical alveoles and the medullary trabecular meshes, a narrow space,

left white in the figs. (fig. 201, /. s ; 203, I, I) is left all round the

gland-pulp, between it and the alveolar partitions and trabecular bands,

like what would be left had the pulp shrunk away fi'om the inside of a

mould in which it had been cast. This space is both a receptacle and

a channel of passage for the lymph that goes through the gland ; it is

named the lym^jh-sinus, or lijm/ph-cMnnel. It is traversed by reti-

form connective tissue (figs. 204, « ; 205, c, c), in which the nuclei of

Fig. 204.

—

Thin section froh Fig. 204.

THE CORTICAL PART OP A
LYMPHATIC GLAND, MAGNIFIED.

(His.)

a, h, network of fine trabecule

formed by retifovm or adenoid

tissue, from tbe meshes of which,

the lymph-cori3uscles have been

washed out, except at c, where

they are left.

the ramified cells are

mostly apparent, and is

filled with fluid lymph, con-

taining many lymph-cor-

puscles, which may be

washed out from sections of

the gland, so as to show the sinus, while the firmer gland-pulp, which the

sinus surrounds, keeps its place. The proper glandular substance is

also pervaded and supported by small but fine retiform tissue, mostly

non-nucleated (figs. 204, &, 205, a), communicating with that of the

surrounding lymph-sinus, but marked off fi'om it by somewhat closer

p 2
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reticulation at their mutual boundary, not so close, however, as to pre-

vent fluids, or even cori^uscles, from passing from the one to the other.

The gland-pulp is made up of densely packed lymphoid cells, occupying the

interstices of its supporting retiform tissue, and is traversed by an abun-

dant network of capillary blood-vessels {d, d), which run throughout

the proper glandular pulp, both cortical and meduUary, but do not pass

into the surrounding lymph-sinus. The lymphoid cells of the glandular

pulp are similar in their general appearance to white blood- or lymph-

corpuscles, except that their nucleus is relatively larger, and their proto-

plasm much smaller in amount.

Fig. 205.
a.<

Fig. 205.

—

Section of the medttllart sttbstance of a lymphatic gland (ox).

300 DIAMETERS. (Recklinghausen.)

a, a, a, folHcular or lymphoid cords ; c, lymph-sinus ; h, h, trabeeulss ; d, d, blood-

vessels.

The ramified cells of the retiform tissue of the lymph-sinus, which often

contain a considerable number of pigment-granules, enclose fine anasto-

mosing bundles of connective tissue fibrils which are continued from the

trabeculfe and from the capsule across the lymph-channel (Bizzozero),

and pervade the whole of the glandular pulp mth a fine network. Tlie

trabeculse themselves have a covering of flattened ceUs, which on the

side turned towards the lymph-channel are provided "with processes to

anastomose with those of the retiform tissue. The inner surface of the

capsule is also lined with flattened cells, which are continuous at the

entrance and exit of the lymphatics with the epithelium of those vessels.

According to Bizzozero there is also a complete layer of flattened cells to the

glandular pulp.
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Arteries enter and veins leave the gland at the hilus, surrounded, in

some glands, as already said, with a dense investment of connective tissue.

The arterial branches go in part directly to the glandular substance, but

partly run along the trabeculce. The former end in the glandular

capillary network above-mentioned, from which the veins begin, and
tend to the hilus alongside the arteries. The branches which run along

the trabecule are partly conducted to the coat of the gland to be there

distributed ; but most of their branches pass to the glandular substance,

the connective tissue of the trabeculse which ensheaths them passing

gradually into the lymphoid tissue of the pulp, so that this at first

appears as a sheath to the arterial branch (as in the spleen). The
latter soon however breaks up into capillaries which ramify in the

gland-pulp, supported by its pervading retiform tissue, which forms an
additional adventitious coat around the minute vessels.

As to the lymphatics of the gland, the afferent vessels, after branching

out upon and in the tissue of the capsule, send their branches through

it to open into the lymph-sinuses of the cortical alveoli, and the efferent

lymphatics begin by fine branches leading from the lym|)h-sinuses of the

medullary part, and forming at the hilus a dense plexus of tortuous and
varicose-looking vessels, from which branches proceed to join the larger

efferent trunks. The lymph-sinus, therefore, forms a channel for the

passage of the lymph, interposed between the afferent and efferent

lymphatics, communicating with both, and maintaining the continuity

of the lymph-stream. The afferent and efferent vessels, where they open

into the lymph-sinus, lay aside aU their coats, except the epithelial lining,

which is continued over the trabeculee and the interior of the capsule.

It is not unreasonable to presume that, in the proper glandular substance, there

is a continual production of lymph-corpuscles, which pass into the lymph-sinus,

and that fresh corpuscles are thus added to the lymph as it traverses the gland.

This view is supported by the fact, that the corpuscles are found to be more
abundant in the lymph or chyle after it has passed through the glands.

Other organs composed of lymphoid tissue.—Bodies which are so far similar

in structure to lymphatic glands that they are composed of a retiform tissue, the

interstices of which are closely packed with lymphoid cells, and are in intimate

relation with the lymphatic vessels of the part, occur in many places. Thus,
in the serous membranes, rounded nodules are here and there met with, which,

as Klein has shown, are developed either around or at one side of an en-

larged lymphatic (perilymphangial nodule, fig. 206, A), ov in some cases even
within the vessel (endolymphangial nodule, fig. 206, B). The retiform tissue

which constitutes the framework of the nodule is connected with the flat cells

forming the wall of the lymphatic, and lymphoid cells accumulate in the

interstices of the retiform tissue.

The endolymphangial nodules, although small and simple in structure,

closely recall the structure of one of the cortical nodules of a lymphatic gland
;

for a path or channel for the passage of lymph is left between the central

accumulation of lymphoid tissue and the wall of the vessel, this path being
bridged across by branched cells of the retiform tissue ; and along it the lymph
must pass very slowly, and come into intimate relation with the tissue of the
nodule. In other cases the lymphoid tissue of the serous membranes is less cir-

cmnscribed, occurring in the form of ill-defined patches or elongated tracts,

which lie along the course of the small arteries and veins, receiving from the
latter branches which form a capillary network within the tissue.

In mucous membranes, especially that lining the alimentary canal, con-

Bpicuous lymphatic nodules are met with in various parts, and here they have
been long known. They occur either singly, as in the so-called solitary glands
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of the intestine, or collected into groups as in the agminated glands or patches of
Peyer, or into thick masses as in the tonsils. In most of these cases the nodules are
spherical or dome-shaped condensations of the lymphoid tissue which occurs
largely in the substance of the mucous membrane, on the surface of which they may
cause a distinct prominence ; they are usually found to be in close relation with
the lymphatics of the membrane, being either partially surrounded by a large sinus-

like lymphatic, or encircled by a plexus of lymphatic vessels. In the mucous mem-

Fig. 206.

—

Developing lymphatic (ltmphangial) NODriES, from the omemijm
OP A GUINEA-PIG (Klein).

A, Perilymphatic nodule ; a, lymphatic vessel ; c, part of its epithelial wall, seen in

optical section ; e, lymph-corpuscles within the vessel ; h, lymphoid tissue of the nodule
;

d, blood-capillaries. B, Endolymphatic nodule ; a, vein ; b, artery ; c, capillaries ; d, a
lymphatic vessel, in which this whole system of blood-vessels is inclosed ; e, lymphoid
tissue within the lymphatic vessel

; /, wall of the lymphatic in oiDtical section.

brane of the bronchial tubes nodules are met with which are quite similar to

those of the serous membranes. In the spleen, tracts of lymphoid tissue, with
lymphatics in connexion with them, ensheath the smaller arteries and are

dilated at certain points into distinct nodules which have here long been known
as the Malpighian corpuscles of the spleen. Lastly the thymus gland seems to be
chiefly composed in the young subject of a collection of lymphoid tissue, although

in the adult it is usually found to have become transformed into adipose

tissue.

The further description of these lymphoid structui'es, will be deferred until the
several organs where they occur are systematically treated of

SEROUS MEMBRATSTES.

The serons membranes are so named from the apparent nature of the

fluid with Avhich their surface is moistened. They lie in cavities of the

body which have no obvious outlet, and the chief examples of them are,

the peritoneum, the largest of all, lining the cavity of the abdomen ; the

two pleurse and the pericardium in the chest ; and the tunica vaginalis

surrounding each of the testicles within the scrotmn.

The arachnoid membrane, which is a delicate connective-tissue membrane
surrounding the brain and spinal maiTOW in the bony cavities in which they are



SEROUS MEMBRANES. 215

contained, was formerly reckoned amongst tlie serous membranes ; but neither in

the details of its structure, in its general disposition, nor in its development does

it correspond with the other serous membranes. It is, therefore, no longer classed

with them, but will be described with the other membranes investing the brain

and spinal cord.

Porm and arrangement.—In all cases a serous membrane has the

form of a closed sac, one part of which is applied to the walls of the

cavity which it lines, the j9«n'^teZ portion ; whilst the other is reflected

over the surface of the organ or organs contained in the cayity, and is-

thei-eforc named the reflected or visceral portion of the membrane.
Hence the yiscera in such cavities are not contained within the sac of

the serous membrane, but are really placed behind or outside of it ;

seeming to push inwards the part of the membrane which immediately

covers them, some organs recei^dng in this way a complete, and others^

only a partial and sometimes very scanty investment.

In passing from one part to another, the membrane frequently forms

folds which in general receive the appellation of ligaments, as, for

example, the folds of peritoneum passing between the liver and the

parietes of the abdomen, but which are sometimes designated by special

names, as in the instances of the mesentery, mesocolon, and omentum.
The peritoneum in the female sex, is an exception to the rule that

serous membranes are perfectly closed sacs, inasmuch as it has two
openings by which the Fallopian tubes communicate with its cavity.

A serous membrane sometimes lines a fibrous membrane, as where the

serous layer of the pericardium adheres to its outer or fibrous part.

Such a combination is often named a fiiro-seroiis membrane.
The inner surface of a serous membrane is free, smooth, and polished ;

and, as would occur with an empty bladder, the inner surface of one

part of the sac is applied to the corresponding surface of some other

part ; a small quantity of fluid, usually not more than merely moistens

the contiguous surfaces, being interposed. The parts situated in a
cavity lined by serous membrane, being themselves also covered by it, can
thus glide easily against its parietes or upon each other, and their

motion is rendered smoother by the lubricating fluid.

The outer surface most commonly adheres to the parts which it lines

or covers, the connection being effected by means of areolar tissue,

named therefore " subserous," which, when the membrane is detached,

gives to its outer and previously adherent surface a flocculent aspect.

'J'he degree of firmness of the connection is very various : in some parts

the membrane can scarcely be separated ; in others, its attachment is so

lax as to permit easy displacement.

Structure and properties.—Serous membranes are thin and transpa-

rent, so that the colour of subjacent parts shines through them. They arc

tolerably strong, with a moderate degTce of extensibility and elasticity.

They are lined on the inner surface by a simple epithelial layer of flat-

tened cells (fig. 207), each of which contains a round or oval nucleus

with one or two nucleoli, and sometimes an intranuclear network. The
cells have, according to Klein, a comparatively coarse network of minute
fibrils embedded in the otherwise clear cell-substance. The outlines of
the cells may readily be brought into view by treatment with nitrate of
silver. The lines of junction of the cells which are thus made evident,

may be straight and even, but are most commonly slightly jagged or
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sinuous. Here and there between the cells apertures are to be seen,

which are of two kinds. The smaller, which are also the more
numerous, are occupied either by an accumulation of the intercellular

substance or by processes Avhich are sent up to the surface of the mem-
brane from more deeply lying cells {pseudostomata, Klein and Burdon-
Sanderson) : the larger ones, on the other hand, are true apertures

(stomaia), which are surrounded by a ring of small cubical cells (fig.

208, s, s), and open into a subjacent lymphatic vessel, either directly

or by the medium of a short canal lined with sunilar cells. The surface

Fig. 207.

Fig. 207.

—

Portion of epithelium op peritoneum from diaphragm of eabbit
(Klein).

a, larger cells, h, smaller ones, witli here and tliere a pseudostoma between.

cells of the serous membrane are not everywhere uniform in size (fig. 207),

but patches are here and there met with in which they are smaller and
more granular in appearance and it is in these parts that the stomata

and j)seudo-stomata are more frequently seen. The epitlielium-cells of

the membrane often present a somewhat radiated aspect near the

stomata, the silver lines converging towards the orifice. According to

Klein, it is not unfrequent to find evidences of proliferation, especially

in the neighbourhood of the stomata and pseudostomata, cells being met
with containing two or even many nuclei, and others which are being

budded ofl:' from the epithelium-cehs of the membrane in the form of

amoeboid lymph-corpuscles.

The stomata were discovered in the peritoneal covering of the central tendon
of the diaphragm by Recklinghausen, who found that milk-globules could be

made to pa,ss through them into the lymphatics. Similar apertures were found
by Ludwig and Dybkowsky in the pleui-a of mammals, and by Schweigger-Seidel

and Dogiel in the septum Ijetween the peritoneal cavity of the frog and the great
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Ijonph-sac (cisterna magna) behind it. They have since been discovered on the

omentum by Klein, but have not hitherto been shown to exist in the pericardium

nor in the tunica vaginalis.

The substance of the membrane underneath the epithelium is com-

posed of a connective tissue ground-substance in which is a variable

amount of fibres, both white and elastic ; the latter in many serous

membranes, as remarked by Henle, are principally collected into a

reticular layer near the surface. The bundles of white fibres are also

arranged in a reticular manner, frequently uniting with one another,

Fig. 208.

Fig. 208.

—

Small portion of peritoneal surface of diaphragm of rabbit (Klein).

Magnified.

I, lymph-channel below the surface, lying between tendon bundles, t, t, and over which
the surface-cells are seen to be relatively smallei', and to exhibit five stomata, S, S,

leading into the lymphatic. The eiDitheliuoi of the lymx^hatic channel is not repre-

sentci.!.

and the meshes of the reticulation which they form are occupied by
the ground-substance of the membrane, and bridged over by the

epithelimn-cells of the general surface. In some folds of the serous

membranes and especially in the great omentum of many animals,

including man, the meshes of the reticulation have become open in many
parts owing to the absorption of the intervening ground-substance, so

as to allow of a free communication between the two sides of the fold of

membrane. In these places the epithelium-cells of the surface are applied

to the anastomosing connective tissue bundles, and folded round them
so as to bound the apertures between the two surfaces. Where the

membrane is thicker, the gTound-substance contains bloodvessels and
lymphatics, with the lymphoid and adipose tissue which is often

found in the serous membranes and especially in their folds ; as well as

connective tissue corpuscles with their corresponding cell-spaces (figs.

199, 200), which in the serous membranes are very often collected into

epithelium-like patches. In parts of the membrane in which the cor-
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puscles are more thinly scattered, they possess branching processes,

some of which intercommunicate with those of neighbouring cells,

others may pass up to the surface of the membrane as pseudostomata
and others again, become connected to the walls of the lymphatics and
blood-vessels.

In the human subject, the serous membranes appear to be bounded
under the ej)ithelium by a distinct basement membrane (Bizzozero).

The blood-vessels of the membrane end in a capillary network with
comparatively wide meshes, which pervades the subserous tissue and the

tissue of the serous membrane. The vessels are much more numerous in

the nodules and tracts of lymphoid tissue (see below) as well as in the

adipose tissue, which is found largely developed in the serous membranes
of fat animals.

The lymphatics of the serous membranes are exceedingly abundant.
Their relation both to the cell-spaces of the tissue and to the surface

of the membrane, as well as their general arrangement, has been
already noticed. They are sometimes met with ensheathing the blood-

vessels.

Lymphoid tissue.—Nodules of this tissue occur, as before men-
tioned (p. 213), in the substance of the serous membranes. More
generally the lymphoid tissue of the serous membranes takes the shape

of elongated tracts Avhich follow the course of the small arteries

and veins, receiving from the latter branches which divide to form a

capillary network. Lymphatic vessels run in these tracts alongside

the blood-vessels, and often partially enclose them. These lymphoid
nodules and tracts are more numerous in the young animal ; in the

adult they are frequently found transformed into lobules and tracts of

adipose tissue.

The nerves of the serous membranes are destined chiefly for the

blood-vessels, and for the most part accompany these in their course.

A few pale fibres, however, are distributed to the substance of the

membrane, in which they form a plexus with large meshes : from the

branches of this plexus, fibrils may be traced which unite into a some-

what finer plexus near the surface.

Kecent Literature of the Lymphatic System. On Lymphatic Vessels :

—

Becldinrj-

Tbcmsen, in Strieker's Handbook, 1871 ; J. Arnold, in Vircli. Arch., LXII., 1874 ;
Foci,

in Virch. Arch., LXV., 1875 ; Tarchanoff, in Arch, de physioL, 1875 ; Flemming, in

Arch. f. mikr. Anat., XII., 1876 ; Gaslcell, in Arb. d. physiol. Anst. zu Leipzig, 1876 ;

Dogiel, in Arch. f. mikr. Anat., XYIL, 1879.

On Lymphatic Glands :

—

Bizzozero, in. Moleschott's Unters., XII. 1873 ; Lodi, in

Riv. clin., 1876.

On Serous Membranes:

—

Klein d; JBurclon Sanderson, in Med. Ccntralbl., 1872;
IHein, in Quart. J. Micr. Sci. XII., 1872 (ciliated vesicles in frog's perit.) ; "The
Serous Membranes," 1873; and in Qu. J. Micr. Sci., 1877 (on the omentum);
Bizzozero, in Med. Centralbl., 1874 ;

(with SalvioU) in Arch. p. le sci. med., 1876, and

1877.

SYNOVIAL MEMBRANES.

These are connective tissue membranes which are found surrounding

closed cavities in connection with moveable structm-es in certain parts,

such as the joints, the elongated sheaths in which some tendons glide,

and at various situations between the skin and bony prominences below

it. Although they resemble serous membranes in some respects, the

synovial membranes are distinguished by the natui-e of their secretion,
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which is a viscid glairy fluid resembling the Tvliite of an egg, named
synovia. From its nature it is well adapted for diminishing friction, and
thereby facilitating motion.

If a drop of synovial fluid be examined microscopically, it is found to

contain (in addition to fat-molecules) a few amoeboid corj)uscles, as well

as cells similar to those which occur on the projections of the membrane.
The different synovial membranes of the body are referred to three

classes, viz., articular, vaginal, and vesicular, or bursal.

1. Articular ssrnovial membranes, or Synovial capsules of
joints.—These by their synovial secretion lubricate the cavities of the

diarthrodial articulations, that is, those articulations in which the

opposed surfaces glide on each other. In these cases the membrane
may be readily seen covering internally the smface of the capsular and
other ligaments which bound the cavity of the joint, and affording also

an investment to any tendons or ligaments which pass throug-h the

articular cavity, as in the instance of the long tendon of the biceps

muscle in the shoulder-joint. On approaching the articular cartilages

the membrane doe's not pass over them, but terminates after advancing
but a little way on their surface, with which it is here firmly adherent.

The synovial membranes, therefore, do not form closed bags lying between
the articular cartilages as was supposed by the older anatomists, for the

main part of the surfaces of the joints are not covered at all by the

membrane, nor even by a layer of epithelium-cells, prolonged from the

membrane, as some have described.

In several of the joints, folds of the synovial membrane pass across

the cavity ; these have been called synovial ligaments. Other processes

of the membrane simply project into the cavity at various points. These
are very generally cleft into ft-inges at their free border, upon which
their blood-vessels, which are nmnerous, are densely distributed. The
larger folds and processes often contain fat, and then are sufficiently

obvious ; but many of the folds are small and inconspicuous.

The fringed vascular folds of the synovial membrane were described

by Havers in 1691, under the name of the mucilaginous glands, and
he regarded them as an apparatus for secreting synovia. Eainey found
that these Haversian fringes, as they are sometimes called, may exist

in all kinds of synovial membranes, and that from the primary vascular

fringes other smaller secondary processes are sent off, into which no
blood-vessels enter.

2. Vaginal synovial membranes or Synovial sheaths.—These are

intended to facilitate the motion of tendons as they glide in the fibrous

sheaths which bind them down against the bones in various situations.

The best-marked examples of such fibrous sheaths are to be seen in the

hand and foot, and especially on the palmar aspect of the digital

phalanges, where they confine the long tendons of the flexor muscles.

In such instances one part of the synovial membrane forms a lining

to the osseo-fibrous tube in which tlie tendon runs, and another part

affords a close investment to the tendon. The space between these

portions of the membrane is lubricated with synovia and crossed

obliquely by one or more folds or duplications of the membrane named
" frsena," in some parts inclosing a considerable amount of elastic tissue

(Marshall).

3. Vesicular- or Bursal synovial membranes, Synovial lursce,

Bursm mucoscB.—In these the membrane has the form of a simple sac.
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interposed, so as to prevent friction, between two surfaces which
move upon each other. The synovial sac in such cases is flattened

and has its two opposite sides in apposition by their inner surface,

which is free and lubricated with synovia, Avhilst the outer surface ig

attached by areolar tissue to the moving parts between which the sac is

placed.

In regard to situation, the brn'sse may be either deep-seated or subcu-

taneous. The former are for the most part placed between a muscle or

its tendon and a bone or the exterior of a joint, less commonly between

two muscles or tendons : certain of the bursse situated in the neigh-

bourhood of joints not unfrequently open into them. The subcutaneous

bursse lie immediately under the sldn, and are found in various regions

of the body interposed between the skin and some firm prominence
beneath it. The large bursa situated over the patella is a well-known
example of this class, but similar though smaller bursge are found also

over the olecranon, the malleoli, the knuckles, and various other pro-

minent ]Darts. It must, however, be observed that, among these subcu-

taneous bursas, some are reckoned which do not always present the

Fig. 209.

Fig. 210.

Fig. 209.

—

Eamified connective-tissue corposcles, from articular synovial
MEMBRANE OF OX. 250 DIAMETERS. (E. A. S.)

Fig. 210.

—

Portion of the surface of a vaginal synovial membrane, after
TREATMENT WITH NITRATE OF SILVER. 250 DIAMETERS (E.A.S.).

The cell-spaces of the tissue and the nuclei of the contained cells only are represented,

e, epithelioid arrangement of cells ; s, ramified cells.

characters of true synovial sacs, but look more like mere recesses in the

subcutaneous areolar tissue, larger and more defined than the neigh-

bouring areote, but still not bounded by an evident synovial membrane.
These may be looked on as examples of less developed structure, form-

ing a transition between the areolar tissue spaces and perfect synovial

cavities.
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Structure of synovial membranes.—The synoTial membranes are

composed entirely of connective tissue with the usual cells and fibres of

that tissue. It was formerly stated, and is still asserted by Tillmanns and
others, that they are lined Avith an epithelial layer of flattened cells, similar

to those lining the serous membranes, but, as was shown by Htiter, there

exists on the synovial membranes no complete lining of the kind.

Patches of cells may, it is true, here and there be met vnth which
present an epithelioid appearance (fig. 210, e), as, indeed, we know to

be the case in the connective tissue of other parts ; but most of the

surface-cells of the synovial membranes are of the irregularly-branched

type (figs. 209, 210, s), the surface of the membrane between the cells and
sometimes also over them being formed by the ground-substance of the

connective tissue, whilst here and there small blood-vessels come close

to the surface from subjacent parts. The cells are in many places

smaller than in connective tissue generally. They vary much in shape

in different parts, sometimes forming a network in the tissue by the

anastomoses of their ramifying processes, in other parts being rounded,

and more closely arranged.

The cells of the vaginal synovial membrane are often slightly elongated

in the direction of the axis of the tendon.

The articular synovial membranes pass, as before said, a certain

distance over the cartilages of the joints. They do not, however, end
abruptly, but shade off gradually into the margin of the cartilage, the

Fig. 211.

Fig. 211. Transition of cartilage-cells into connectite-tissce coepuscles op
SYNOVIAL MEMBRANE. AbOTJT 340 DIAMETERS. FrOJI HEAD OF METATARSAL BONE,
HUMAN. (E.A.S.)

a, ordinary cartilage cells ; h, i, -with, branched processes,

fibrous tissue becoming fibre-cartilage and the cells gradually losing

their processes and becoming transformed into cartilage-cells (fig. 211),
so that it is diificult to say where the one structure begins and the other

ends. This portion of the synovial membrane, or of the cartilage, is known
as the " marginal zone ;

" it is best marked around the convex heads of
the bones, and is especially well seen near the lower margin of the
patella (Htiter).

The Haversian folds and fringes, at least the larger ones, agree in

general structure .with the rest of the tissue of the synovial membrane,
except that, as before remarked, some of them contain fat ; their surface



222 SYNOVIAL MEMBEANES.

layer contains for the most part irregularly stellate cells, except over the

fat, where there is occasionally to be observed a true epithelioid coveringlike

that of a serous membrane. The smaller non-vascular secondary fringes

of Eainey {synovial villi) are minute finger-shaped processes projecting

from the margins of the larger ones, and consist for the most part

of small rounded cells with granular protoplasm and but little inter-

cellular substance, enclosing a central strand of connective-tissue fibrils ;

and in some cases even one or two cartilage-cells. Some of the synovial

villi are entirely made up of fibro-cartilage, being altogether destitute of

the covering of rounded cells (Tillmanns).

Vessels and nerves.—The blood-vessels in and immediately

beneath the synovial membrane are numerous in most parts of the

joints. They advance but a short way upon the cartilages, forming around
the margin a vascular zone, named by W. Hunter "circulus articuli

vasculosus," in which they end by loops of vessels dilated at the bent

part gTcatly beyond the diameter of ordinary capillai-ies (Toynbee). In
the foetus these vessels advance farther upon the surface of the cartilage

than in the adult. The vessels of the vaginal synovial membranes are

less numerous than those of the synovial membranes of the joints.

The synovial cavities do not appear to have so close a relation to the

lymphatic system as is the case with the serous cavities. For although

lymphatic vessels have been described by Tilhnanns and others in the

synovial membranes, they have not been shown to communicate with the

cavities, nor do they as a rule lie near the free surface. In this respect

they differ from the blood-capillaries, which may come close up to the

inner surface of the membrane.
W. Krause describes the nerves of the synovial membranes (at least

those of the joints) as terminating in peculiar corpuscles allied to end-

bulbs. Another observer (Nicoladoni) has traced nerves into a plexus

of pale fibrils lying close under the surface of the membrane.

Development.—At tlie time of the formation of a joint by cleavage tte tissue

around it forms, in its outer part, the fibrous capsule of the joint ; in its innei*

part, the commencement of the synovial membrane. The cartilag-e cells on the

surfaces of the newly formed joint are at first, like those of the embrj'onic car-

tilage generally, placed closely together without matrix or intercellular substance

;

after a time this appears in fine lines between the cells, so that there is then
presented, in silvered preparations, an epithelioid appearance. By a further

development of intercellular substance the superficial cells become more separated

from one another, and now possess an irregularly branched shape with communi-
cating processes. Near the edge of the cartilage this condition is permanent, so

that the marginal zone of the synovial membrane is formed in sitio from what
was originally cartilage. Nearer the centre of the articular surface, a further

change takes place in the progress of development. The cells lose their processes

and acquire the characters of ordinary cartilage cells, whilst the matrix between
them becomes increased, and forms also a thin layer covering their surface.
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SECRETIlSrG GLAITDS.

The term gland has been applied to various objects, differing widely

from each other in natm'e and office, but the organs the structure of

Avhich it is proposed to consider generally in the present chapter, are those

devoted to the function of secretion.

The element which plays the most important part in the secretory pro-

cess is the nucleated cell. A series of these cells, which are usually of a

spheroidal, polyhedral, or columnar figure, is spread over the secreting

surface, in the form of an epithelium, which generally rests on a mem-
brane, named the basement-membrane, or membrana propria. This
membrane, itself extra^-ascular, Imiits and defines the secreting surface

;

it supports and connects the secreting cells on one side whilst on the

other it is in close proximity to the blood-vessels, and it may very

l^ossibly, also, minister in a certain degree to the process of secretion, by

Fig. 212.

Kg. 212.

—

Sections of the orbital gland of the dog. A, during rest. B, after
A PERIOD OF activity (HeIDENHAIN AFTER LaVDOYSKZ.)

In A, the cells of tlie alTeoli are large and clear, being filled with the material for

secretion (in this case, mucigen) -which obscures their protoplasm, but some of the cells

have not participated in the formation of the secretion, and these remain small and
protoplasmic, forming the crescentic group seen in most of the alveoli.

In B, the accumulated material is discharged from the cells, which appear j)artially

disintegrated in consequence. Both the cells and the alveoli are much smaller, and the
protoplasm of all the cells is now apparent.

allowing some constituents of the blood to pass through it more readily

than others. But the basement-membrane is not universally present, and
it is the cells that are the chief agents in selecting and preparing the'

special ingredients of the secretions. They attract and imbibe into their

interior those substances Avhich, already existing in the blood, require
merely to be segregated from the common store and concentrated in the
secretion, and they, in certain cases, convert the matters which they have
selected into new chemical compounds, or lead them to assume organic
structm-e. A cell thus charged with its selected or converted contents
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yields them np to be poured out Tritli the rest of the secretion—the con-
tained substance escaping from it either by exudation or by bursting and
destruction of the cell itself. Cells filled with secreted matter may also be
detached, and carried out entire Avith the fluid part of the secretion ; and,
in all cases, new cells speedily take the place of those which have served
their office. The fluid effused from the blood-vessels supplies matter
for the nutrition of the secreting structure, besides affording the mate-
rials of the secretion.

Changes in the cells during activity.—Since the materials for

secretion are selected or prepared by the cells it is not surprising to find

that the cells of a secreting gland differ considerably in appearance

Fig. 213.

—

Part op a ferment -forming gland ; A at rest, B after a short
PERIOD OF ACTIVITY, C AFTER A PROLONGED PERIOD OF ACTIVITV. (Langley.

)

In the resting condition the cells of the gland are almost filled with granules (of zymo-
gen). During activity these become discharged from the cells as ferment, disapj^earing

at first from the outer part of the cell, which is thereby left clear. Finally the granules

only remain near the lumen of the alveoli, and near the surfaces of the cells which are

contiguous to one another. In A and B the nuclei of the cells are obscured by the

granules.

according as the gland is in a condition of rest or activity (fig,

212). In the former case the materials for secretion may have been
accumulating within the cells and may be detected within them,

whereas in the latter case, if the secretion have been ]3roceeding for

some time, the cells may be emptied of the accumulated material, and
in many instances may themselves be partially or entirely destroyed,

owing to the disruption of their protoplasm in the process of discharge

of the secreted matter. In some glands however the accumulation

of the materials of secretion within the cells does not go on to any
great extent during rest, but begins with the increased activity of

the gland consequent on stimulation whether natural or artificial, and
proceeds up to a certain point, after which the process of discharge

of the accumulated material begins. But according to Heidenhain

and Langley the processes of growth of the protoplasm, formation of

material for secretion, and discharge from the cell may all go on
simultaneously, the material becoming formed by or fi-om the cell-

protoplasm on the one hand, and discharged on the other hand into

the commencement of the duct.

The material which accumulates within the cell is not always the same as that

•which appears in the discharged secretion. Thus in the glands which furnish

the digestive ferments—especially the gastric glands and the pancreas—it has
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loeen shown that the material which appears in the form of granules within the

cells is not the pepsin and the trypsin which respectively characterise the secre-

tions of those glands, but a precursor which is termed *' zymogen," and is easily

transformed into the ferments by the action of certain reagents ; and it is sup-

posed that a similar change may occur during the discharge of the secretion from
the cells. Again in the cells which secrete mucus, the clear substance which
accumulates within the cells is not mucin, but a precursor of mucin, which is

termed " mucigen," from the facility with which it becomes on discharge converted

into mucin.
It is difficult to decide whether the material for secretion is formed hj the

dii'ect conversion of a part of the protoplasm of the secreting cell, or from
materials taken up from the plasma of the blood and elaborated by the agency
of the protoplasm. It is generally assumed that the former is the case, and that

the protoplasm of the cells of a secreting gland increases in amount as the first

stage in the process of formation of the secretion. But since the materials of

secretion accumulate in the substance of the protoplasm it may not be always
possible to determine how much of the increase of size of the cell is due to a

growth of the protoplasm itself, and how much to the accumulation of the

materials of secretion, either entirely or only partially elaborated, within it. It

is probable that the reticular structure which the protoplasm of many secreting

cells exhibits is caused by the accumulation within it of the material of secretion

in a granular or globular form ; the closely-arranged globules reducing the proto-

plasm in which they are embedded to the condition of a fine spongework.
The secretory changes which have been noticed by various observers in the

cells of different glands will be more fully described when the several glands are

specially treated of.

Modifications in form of the secreting surface.—A secreting

apparatus, effectual for the purpose which it is destined to fulfil,

may thus be said essentially to consist of a layer of secreting cells

Fig. 214.

Fig. 214.

—

Plan op a secketing membrane (Sharpey).

a, membrana propria or basement-membrane ; b, epithelium, composed of secreting

cells ; c, layer of capillary blood- yessels.

covering a free surface, whilst a layer of finely ramified blood-vessels

is spread out close to the attached ends of the cells, with some-
times a basement membrane between the two. But whilst the structure

may remain essentially the same, the configuration of the secreting

sm-face i^resents various modifications in different secreting organs.

In some cases, the secreting surface is plain (fig. 214), or, at least,

expanded, as in various parts of the serous, synovial, and mucous
membranes, which may be looked on as examples of comparatively
simple forms of secreting apparatus ; but, in other instances, and par-

ticularly in the special secretory organs named glands, the surface of the
secreting membrane is variously involved and complicated. An obvious
effect of this comiDlication is to increase the extent of the secreting

surface in a secreting organ within a given bulk, and thus augment
the quantity of secretion yielded by it. No connection has been
clearly shown to exist between the quality of the secretion and the
particular configuration, either internal or external, of the organ

;

VOL. II. Q
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on the other hand, we know that the same kind of secretion that is

derived from a complex organ m one animal, may be produced by an
apparatus of most simple form in another.

There are two principal modes by which the surface of the membrane
is so increased in extent, namely, by rising or protruding in form of a

prominent fold or some otherwise shaped projection (fig. 215, d, e), or

by retiring, in form of a recess (fig. 216, A, g, h).

The first-mentioned mode of increase, or that by protrusion, is not

that which is most generally followed in nature, still it is not without

example, and, as instances, may be cited the Haversian fringes of the

synovial membranes and the urinaiy organ of molluscs. In these cases,

the membrane assumes the form of projecting folds, which, for the

sake of further increase of surface, may be again plaited and com-
phcated, or cleft and fr'inged, at their borders (fig. 215, e,f).

The augmentation of the secreting surface by recession or inversion

of the membrane, in the form of a cavity, is, with few exceptions, that

generally adopted in the construction of secreting glands. The first

degree is represented by a simple recess (fig. 216, ^, Ji), and such a

recess, formed of secreting membrane, constitutes a simple gland. The

Fig. 215.

—

Plan to show atjgmentation op surface by formation of

PROCESSES (Shai'iDey).

a, h, c, as in preceding figure ; d, simple, and e f, branched or subdivided processes.

shape of the cavity may be tubular {g) or saccular Qi) : of these two
kinds of simple gland the former is by far the more common. Examples
of simple glands are found at the back of the tongue, in the intestines, and
in the olfactory membrane. The secreting surface may be increased, in

a simple tubular gland, by mere lengthening of the tube, in which
case, however, when it acquires considerable length, the tube is coiled up
into a ball (fig. 216, i), so as to take up less room, and adapt itself to

receive compactly ramified blood-vessels. The sweat-glands of the skin

are instances of simple glands formed of a long convoluted tube. But
the chief means observed of further increasing the secreting surface is

by the subdivision, as well as extension, of the cavity, and when this

occurs the gland is said to be compound. There is, however, a condition

sometunes me,t with, in which the sides or extremity of a simple tube or

sac merely become pouched or loculated (fig. 216, 7c, I).

In the compound glands, the divisions of the secreting cavity may
assume a tubular or a saccular form, and this leads to the distinction of

these glands into the "tubular," and the "saccular," or "racemose."
Glands which are intermediate in structure between these types are also

met with, and have received the name of " acino-tubular " glands, since

in them the terminal saccules or acini present a more or less tubular

form.

The racemose compound glands (fig. 216, c) contain a multitude of
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saccules, opening in clusters into the extremities of a branched tube,

named the excretory duct. The saccules are rounded, pyiifonn or

thimble-shaped. They are often rather filled than lined by secreting:

cells ; they are arrano-ed in groups, round the commencing branches of

the duct, into which they open (fig. 216, C, ii) ; or it might with equal

truth be said that the branches of the duct are distended into clusters of

saccular dilatations. The ultimate branches of the duct open into larger

branches (o), these into larger again, till they eventually terminate in

one or more principal excretory ducts (m), by which the secretion is

poured out of the gland. It is from the clustered arrangement of their

nltimate vesicular recesses that these glands are named " racemose " or

grape-hke ; and they, for the most part, have a distinctly lobular

structure. The lobules are held together by the branches of the duct

Fig. 216.

—

Plans of extension of secreting jiejieranb, by inversion or recession".

(Sliai"pey.

)

A, simple glands, viz., g, straight tube ; /;, sac; i, coiled tube. B, simple glands with
loculated walls ; k, of tubular form ; I, saccular. C, racemose, or saccular compound.'

gland ; m, entire gland, showing branched duct and lobular structure ; n, a lobule, de-

tached with 0, branch of duct proceeding from it. D, compound tubular gland.

to which they are appended, and by iuterlobular connective tissue

which also supports the blood-vessels in their ramifications. The
larger lobules are made up of smaller ones, these of still smaller, and
so on for several successive stages. The smallest lobules (n) consist

of two or three groups of saccules, with a like number of ducts,

joining into an immediately larger ramuscule (o), which issues fr'om

the lobule ; and a collection of the smallest lobules, united by con-
nective tissue and vessels, forms one of the next size, which, too, has
its larger branch of the duct, formed by the junction of the ramuli
belonging to the ultimate lobules. In this way, the whole gland is

made up, the number of its lobules and of the branches of its duct
depending on its size ; for whilst some glands of this kind, hke the

Q 2
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parotid, consist of innumerable lobules, connected by a large and many-
branched duct, others, such as some of the sebaceous glands of the skin,

are formed of but two or three ultimate lobules, or even of a single one.

In fact, a small racemose gland resembles a fragment of a larger one.

The smallest lobules were originally called acini, a term which is now
generally used to denote the saccular recesses in the lobules. These arc

also termed alveoli.

The ultimate saccules of a racemose gland are lined, and some-
times almost filled by the secreting cells, a cavity being left in the

centre communicating with the excretory duct (fig. 217). In some cases,

minute canals lead from the central cavity between the cells, and
these may aid in the conveyance of the secretion of the latter into the

Eg. 217.

—

Section of a kacemose gland, showing the commencement op a duct
IN THE ALVEOLI. MAGNIFIED 425 DIAMETERS (E. A. S.).

a, one of tlie alveoli, several of wliicli are iu the section shown grouped around the

commencement of the duct, d' ; a, an alveolus, not opened by the section ; h, basement
membrane in section ; c, interstitial connective tissue of the gland ; d, section of a duct

which has passed away from the alveoli, and is now lined with characteristically-striated

columnar cells ; s, semilunar group of darkly-stained cells at the periphery of an alveolus.

ca^dty. It is doubtful whether these intercellular canals have proper

walls or are merely formed by the juxtaposition of grooves on the

adjacent sides -of the cells. Further, the flattened ceUs which compose

the basement-membrane may send delicate lamellar processes between

the alveolar cells, among which they form a sustentacular network (Boll,

Ebner).

Many glands, yielding very different secretions, belong to the racemose

class. As examples, it will be sufficient to mention the salivary, lach-

rymal, and mammary glands, and many of the small glands Avhich open

into the mouth, fauces, and windpipe ; but some even of these are

intermediate in structm-e between the true racemose and the tubular

glands.
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Of tlie tuluJar compound glands, the most characteristic examples

are the testis and kidney. In these the tubular ducts divide again

and again into branches, which, retaining their tubular form, are greatly

lengthened out. The branches of the ducts are formed, as usual, of a
limitary or basement-membrane {membrana p'oi^rici), lined by epithe-

lium, and in contiguity, by its outer surface, with capillary blood-

vessels. By the multipHcation and elongation of the tubular branches

a vast extent of secreting surface is obtained, the tubes being usually

coiled up into a compact mass, which is traversed and held together by
blood-vessels, and sometimes, also, divided into lobules and supported,

as in the testis, by fibrous partitions, derived from the inclosing capsule

of the gland. In consequence of their intricately involved arrangement,

it is sometimes difficult to find out how the tubular ducts are disposed at

their extremities. In the testis some are ft-ee, and simply closed without

dilatation, and others anastomose with neighbouring tubes, joining with

them in the form of loops ; in the kidney, little round tufts of fine

blood-vessels project into terminal dilatations of the ducts, but without

piercing the basement membrane.
The mammalian liver does not precisely agree in structure with either

of the above classes of compound glands. Its secreting cells are collected

into small polyhedral masses termed the hepatic lobules, pervaded by a

network of capillary blood-vessels ; and the ducts begin within the

lobules, in the form of a network of exceedingly fine channels which run
between the sides of contiguous cells.

Besides blood-vessels, the glands are ftumished with lymphatics, which
in most compound glands proceed fi-om interstitial lymphatic spaces which
smTound the alveoli as already stated (p. 203). Branches of nerves have
also been followed for some way into these organs ; and that an influence

is exerted on secreting organs through the medium of the nervous system,

is shown by the fact, that the flow of secretion in several glands is

afFected by mental emotions, and that the flow of secretion from many
glands may be brought on by direct or reflex stimulation of their nerves.

In some cases also an increased accumulation of the materials of secre-

tion within the cells, may thus be produced. Moreover, fine non-
medullated nerve-fibres have in several instances been described as

entering between the cells of the alveoli ; and in the salivary glands,

Pflliger has afihmed a direct passage of nerve-fibres, both medullated

and non-meduUated, into the secreting cells. His observations, however,

have not been confirmed by other inquirers, although Kupfier has de-

scribed a similar connection between nerve-fibres and secreting cells in

the salivary glands of insects.

Uniting the several parts of a compound gland is a certain amount of

interstitial connective tissue, which varies in character in different

glands, being in some more fibrous, in others more cellular, and in others

again being represented by retiform tissue.

Some glands have a special envelope, as in the case of the kidney and
testis.

The ducts of glands ultimately open into cavities lined by mucous
membrane, or upon the surface of the skin. They are sometimes pro-

vided Anth a reservoir, in which the secretion is collected, to be dis-

charged at intervals. The reservoir of the urine receives the whole of the
seci-eted fluid ; in .the gall-bladder, on the other hand, only a part of the

bile is collected. The vesiculse seminales afford another example of these
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appended reservoirs. The ducts are constructed of a basement-membrane
and lining of epithelium, and in their smaller divisions there is nothing
more ; but in the larger branches and trunks, a coat, composed of con-

nective tissue, with which in some cases involuntary muscular fibres are

introduced, is added. In the ducts of the sweat glands, the muscular
fibres lie between the basement-membrane and the epithelium. The
epithelium-ceUs are usually flattened at the commencement of the duct,

Avhere these emerge from the alveoli, and are columnar in the rest of

the duct. In some glands the columnar cells of the ducts exhibit the

peculiar striated appearance before Deferred to (see p. 4), in the part

of the cell next to the basement-membraiie, and the alveolar cells may
also exhibit a similar apj)earance, but far less distinctly.

3Iechanlsm of tlie discliarge of secretion from a rjjand.—Althougli no doubt de-

pendent ultimately upon physical and chemical conditions, it is not knoMTi pre-

cisely in what way the discharge of secretion from the gland-cells, and eventually

from the gland is effected. The forces which produce the discharge are,

however, considerable, and are influenced as we have seen through the nervous
system. In the cutaneous glands of the frog Strieker and Spina have noticed

that irritation of the nerves is followed by swelling and enlargement of the

lireviously flattened cells of the gland, and that this enlargement causes a dis-

charge of secretion from the mouth of the duct. The swelling is produced by an
accumulation of fluid, derived from the plasma of the blood, within the cells, and
when these come again to the condition of rest and resume the flattened form,

the fluid is supposed to pass from them into the cavity of the alveolus, carrying

Avith it the materials of secretion extracted from the cells. If the glands are

again stimulated the same process is gone through, and in this way it is supposed

an intermittent discharge may be caused. There is no evidence, however, to show
that similar changes occui- in other glands, nor is it explained how it happens

that the water of the plasma should pass into the cells only under the influence

of excitation.

The discharge from the ducts of a gland is partly due to the vis-a-tergo of the

accumulating secretion, partly to the peristaltic contraction of the muscular
tissue in the wall of the duct (where this tissue exists).

Recent Literature.—The following authors have %mtten more recently on the
structure of secreting glands and on the changes which their cells inidergo dui'ing

secretion :

—

Glanuzzi, in Bar. d. siichs. Gesellsch. d. Wissensch., 1862 ; Boll, in Arch,

f. mikr. Anat., 1868 and 1869; R. HeidenJiain, Studien d. phys. Inst, zw Breslau,

1868 ; Pfliiger's Arch., 1875, and article " Absonderung," in Hermann's Handb., 1880 ;

Ebstein, in Arch. f. mikr. Anat., 1870; Pfiilger, Article "Salivary Glands," in

Strieker's Handbook, 1871 ; Ebner, in Arch. f. mikr. Anat., 1872, and Dieacin. Driisen

der Zunge, 1873 ; Kupffer, in Ludwig's Festgabe, 1874 ; Watneij, in Proc. Roy. Soc,

1874 ;' SiviecicJci, in Pfl. Arch., 1876 ; Lavdovshj; Nusshaum ; Partsch, in Arch. f. mikr.

Anat., 1877 ; Kilhne w. Lea, in Heidelberg Verhandl., 1877; Griltzncr, in Pfl. Arch.

1879 ; Langley, in Journal of Physiology', 1879 ; with Scwall, in the same Journal ; also

in Phd. Trans., 1881.
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MUCOUS MEMBRAN-ES.

These membranes, unlike the serous, hne passages and cavities

which communicate with the exterior, as well as recesses, ducts and
receptacles of secretion, which open into such passages. Thej are

habitually subject either to the contact of foreign substances introduced

into the body, such as air and aliment, or of various secreted or excreted

matters, and hence their surface is coated over and jorotected by mucus,
a fluid of a more consistent and tenacious character than that which
moistens the serous membranes.
The mucous membranes of several different or even distant parts are

continuous, and they may all, or nearly all, be reduced to two great

divisions, namely the gastro-imeumonk and geniio-urinary. The former

covers the inside of the alimentary and air-passages as well as the less

considerable cavities communicating with them. It may be described

as commencing at the edges of the hps and nostrils, where it is con-

tinuous with the skin, and proceeding through the nose and mouth to

the throat, whence it is continued thi'oughout the whole length of the

alimentary canal to the termination of the intestine, there again meeting
the skin, and also along the ^A'indpipe and its numerous divisions as far

as the air-cells of the lungs, to which it affords a lining. From the

nose the membrane may be said to be prolonged into the lachrymal

passages, extending up the nasal duct into the lachrymal sac and along

the lachrymal canals until, under the name of the conjunctival mem-
brane, it spreads over the fore part of the eyeball and inside of the

eyelids, on the edges of which it meets with the skin. Other offsets

from the nasal part of the membrane line the frontal, ethmoidal, sphe-

noidal and maxillary sinuses, and fi-om the upper part of the pharynx a

prolongation extends on each side along the Eustachian tube to line

that passage and the tympanum of the ear. Besides these there are

offsets fr'om the alimentary membrane to line the salivary, pancreatic,

and biliary ducts, and the gall-bladder. The genito-imnary membrane
invests the inside of the minary bladder and the whole tract of the

urine in both sexes, from the interior of the kidneys to the orifice of the

m'ethra, also the seminal ducts and vesicles in the male, and the vagina,

uterus and FaUopian tubes in the female.

By one surface the mucous membranes are attached to the parts

which they line or cover, by means of areolar tissue, named "submucous,"
which differs greatly in quantity as well as in consistency in different

parts. The connection is in some cases close and firm, as in the cavity

of the nose and its adjoining sinuses ; in other instances, especially in

cavities subject to fr-equent variation in capacity, like the gullet and
stomach, it is lax and allows some degree of shifting of the connected
surfaces. In such cases as the last-mentioned the mucous membrane is

accordingly thrown into folds when the cavity is narrowed by contrac-

tion of the exterior coats of the organ, and of course these folds, or rugcp,

as they are named, are effaced by distension. But in certain parts the

mucous membrane forms permanent folds, not capable of being thus
effaced, which project conspicuously into the cavity which it lines. The
best-marked example of these is presented by the valvuI(B conniventes

seen in the small intestine. These, as is more fuUy described in the

special anatomy of the intestines, are crescent-shaped duplicatures of the
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membrane, with connecting areolar tissue between their laminas, which
are placed transversely and follow one another at very short intervals

along a great part of the intestinal tract. The chief use of the valvular

conniventes is doubtless to increase the surface of the absorbing-

mucous membrane within the cavity.

In most situations the mucous membranes are nearly opaque or only

slightly translucent. They possess no great degree of tenacity and but

little elasticity, and hence are readily torn by a moderate force. The
redness which they commonly exhibit during life, and retain in greater

or less degree in various parts after death, is due to the blood contained

in their vessels. The degree of redness is greater in the foetus and infant

than in the adult. It is greater too in certain situations ; thus, of the

different parts of the alimentary canal, it is most marked in the stomach,

pharynx, and rectum.

Structure.—A mucous membrane is composed of corium and epithe-

lium. The epiihelium covers the surface. The membrane which remains

after its removal is named the corium, as in the analogous instance of

the true skin.

The epithelium (fig. 218, e) is the most constant part of a mucous
membrane, being continued over certain parl:s to which the other con-

stitutents of the membrane cannot be traced, as over the alveoli of

the lungs, and the front of the cornea of the eye. It may be scaly and
stratified as in the mouth and throat, columnar as in the intestine, or

ciliated as in the respiratory tract and uterus. When a mucous mem-
brane is covered with an epithelium of the scaly and stratified variety,

the mucus which moistens its surface is derived from glands in the

membrane, which are lined with columnar and polyhedral secreting

ceUs ; but when a columnar epithelium covers the surface, a large part

of the mucus is formed in the cells of this layer, and the glands of the

membrane are fi-equently devoted to the elaboration of some special

secretion.

Those columnar cells which are especially concerned in the j^roduction

of mucus often become greatly distended with the accumulated mucigen
into the shape of a goblet or chalice, and this may in many be seen to

have become exuded from the free and apparently open end of the cell as

a droplet of mucus (see p. 44). A certain number of these goblet- or

cJialice-cells are almost always to be found amongst the ordinary colum-

nar cells. It is somewhat uncertain whether after discharge of their

secretion they become converted into ordinary columnar cells, or whether

they permanently maintain the chalice-like form, their cavity becoming
again filled with secretion during rest. If the latter is the case the cells

in question are analogous to the uni-cellular glands which are met with

in the integument of some of the lower animals (leech).

The corium of a mucous membrane consists of connective tissue,

either simply areolar or containing a large intermixture of lymphoid
tissue. It is usually bounded next the epithelium by a basement mem-
brane (fig. 218, hm), and next the submucous tissue by a thin layer of

non-striated muscular tissue termed the muscularis miicosce (mm).
The basement membra?ie is not everywhere demonstrable, but where it

is weU marked it appears in section as a thin line immediately under-

lying the epithelium. Viewed on the fiat and with the superjacent

epithelium removed, the membrane in question seems at first sight

homogenous ; but treatment with nitrate of silver brings to view the



STKUCTUEE OF MUCOUS MEMBRANES. 233

outlines of the flattened cells of which it is in reality composed. It is

not always a complete membrane, for in some parts the ceUs composing it,

instead ofadhering closely by their edges, intercommunicate by branching
processes so as to form a network instead of a continuous membrane.
The basement membrane follows all the eminences and depressions of the

sm-face of the mucous membrane, dipping down to take part in the

formation of the wall of the glands, and passing over the raised villi

and other prominences.

Fig. 218.

—

Section of mucous mem- Fig. 218.
BKANE FROM THE STOMACH OF THE
KANGAROO. MAGNIFIED ABOUT 260
DIA3IETERS (E. A. S. ).

c, columnar epithelium of the sur-

face, continued into the neck, n, of

the simple tubular glands, gl ; but

becoming at fii-st cubical, and then

polyhedral towards the base, 6, of the

glands ; It, lymphoid tissue of the

corium, seen also between the glands

;

bm', basement membrane, bounding

the corium superficially ; mm, mus-
cularis mucosa, bounding the mucous
membrane at its attached surface,

and sending small bundles of plain

muscular tissue between the glands.

The commencement of a lymphatic
vessel is shown between two of the

glands, but its connection with deeper

lymphatics was not seen. The blood-

Tessels of the membrane are not repre-

sented.

The muscularis onucosce

forms the deepest part of a
mucous membrane, but it is

not everywhere present. It

is best developed in the mucous
membrane of the alimentary

canal, in some parts of which it

may consist of two layers, in the one of which the fibres are longitudinal, in

the other circular in direction. From its inner sm^face muscular bundles

bend inwards into the thickness of the mucous membrane, passing

between the glands contained within it, and even into its prominences,

so as in many cases to reach and become attached to the basement-mem-
brane covering them. The muscularis mucosae is a part therefore of

the mucous membrane, and is not to be confounded with the muscular
coat proper, which forms a separate layer in most of the hollow viscera.

The connective tissue layer or corium proper varies much in structure

in different parts. In some situations, as in the gullet, bladder,

and vagina, the filamentous connective tissue is abundant, and extends

throughout its whole thickness, forming a continuous and toler-

ably compact web, and rendering the mucous membrane of those parts

comparatively stout and tough. In the stomach and intestines, on the

other hand, where the membrane is pervaded by tubular glands, the tissue

between these is chiefly retiform or lymphoid tissue (fig. 218, It) with but
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few white and elastic fibres, and hence in these sitnations the membrane,
tfltliough thicker, is far less firm and tough than in parts where much of

the white connective tissue is found. In other mucous membranes
transitions are met with between these two extremes.

It frequently happens that in certain circumscribed places the lym-
phoid tissue is greatly increased in amount, and becomes densely packed
with lymphoid cells. In this way the so-called solitary glands, follidcs

or nodules are produced. If there be many lymphoid nodules

adjacent to one another, so as to make up a localized patch, a so-called

agminated gland is formed, or if massed together more thickly, a
lymphoid organ like the tonsil. These collections of lymphoid tissue,

which may if large extend, on the one hand, down into the submucous
tissue, and on the other, upwards into the epithelium, have been ah'eady

referred to (p. 213), and will be more particularly described when the

several parts in which they occur come under consideration.

Blood-vessels are abundant in most mucous membranes. The
branches of the arteries and veins, dividing in the submucous tissue,

send smaller branches into the corium, which divide to form a network
of capillaries in the latter. This capillary network lies immediately

beneath the epithelium, or the basement-membrane when this is present,

advancing into the villi and papillfe to be presently described, and sur-

rounding the tubes and other glandular recesses. The lymphatics
also form networks of cleft-like vessels in the mucous membrane,
which communicate with plexuses of larger valved vessels in the sub-

mucous tissue ; they commence either by blind diverticula, as in the villi,

or in the form of a superficial network, which is ahnost always more
deeply placed than the network of blood-capillaries. The lymphatic

vessels often form sinus-like dilatations around the bases of the lymphoid
nodules.

The nerves of mucous membranes seem chiefly to be distributed to

the muscularis muscos83 where this exists. Before joroceeding to their

destination they are in many parts coUected together to form a gangliated

plexus in the sub-mucous tissue, such as the plexus of Meissner in the

alimentary canal. Some nerves pass however to the epithelium and
terminate between the epithelial cells ; at least this has been shown to

be the case in the stratified epithelium which covers the mucous
membrane of the palate in the rabbit, and in that wliich lines the

vagina of the same animal.

Papillae and villi.—The free surface of the mucous membranes is in

some parts plain, but in others is beset with little eminences named
papillaB and villi. The jxqnlke are best seen on the tongue ; they

are small processes of the corium, mostly of a conical or cylindrical

figure, containing blood-vessels and nerves, and covered with epithe-

lium. Some^are small and simple, others larger and covered with
secondary papilla?. They serve various purposes ; some of them no
doubt minister to the senses of taste and touch, many appear to have
chiefly a mechanical office, while others would seem to give greater

extension to the surface of the corium for the production of a thick

coating of epithelium. The villi are most fully developed on the

mucous coat of the small intestines. Being set close together like the

pile of velvet, they give to the parts of the membrane which they cover

the aspect usuafly denominated " viUous." They are in reality little

elevations or processes of the corium, covered with epithelium, and
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containing bloodvessels and lacteals, wlncli are thus favourably disposed

for absorbing nutrient matters from the intestine. The more detailed

description of the papillae and viUi belongs to the special anatomy of the

j)arts in which they occur.

In some few portions of the mucous membranes the surface is marked
with fine ridges which intersect each other in a reticular manner, and
thus inclose larger and smaller polygonal pits or recesses. This peculiar

character of the sm-face of the membrane, which has been termed
" alveolar," is seen very distinctly in the gall-bladder, and on a finer

scale in the vesiculee seminales ; stiU more minute alveolar recesses with
intervening ridges may be discovered with a lens on the mucous
membrane of the stomach.

Glands of mucous membranes.—Many, indeed most, of the glands

of the body pour their secretions into the great passages lined by mucous
membranes ; but there are certain small secreting glands which may be
said to belong to the membrane itself, inasmuch as they are found in

numbers over large tracts of that membrane, and yield mucus, or special

secretions known to be formed in particular portions of the membrane.
Omitting local peculiarities the glands referred to may be described as of

two kinds, viz. :

—

I. Tuhidar glands.—These are minute tubes formed by recesses or in-

versions of the basement membrane, and lined with ej^ithelium (fig. 218, gl).

They are usually placed perpendicularly to the surface, and often very
closely together, and they constitute the chief substance of the mucous
membrane in those parts where they abound, its thickness depending on
the length of the tubes, which differs considerably in difl:erent regions.

The tubes open by one end on the surface ; the other end is closed, and
is either sim|)le or cleft into two or more branches. The tubular glands

are abundant in the stomach, and in the small and large intestines,

where they are comparatively short and known as the cijpts of Lieber-

klihn. They exist also in considerable numbers in the mucous membrane
of the uterus.

II. Small compound glands.—Under this head are here comprehended
minute compound glands of the racemose or of the acino-tubular kind,

with branched ducts of various lengths, which open on the surface of the

membrane. Numbers of these, yielding some a mucous, others a more
albuminous or serous secretion, open into the mouth and windpipe.

To the naked eye they have the appearance of smaU solid bodies,

often of a ilattened lenticular form, but varying much both in shapa

and size, and placed at different depths below the mucous membrane
on which their ducts open. The glands of Brunner, which form a

dense layer in the commencing part of the duodenum, belong to this

category.

llucus—tlie secretion which moistens the surface of a mucons membrane—is

a viscid transparent fluid, which when examined by the microscope is generally-

found to contain, besides detached epithelium cells, rounded cells named mucus-
corpuscles, which closely resemble the pale corpuscles of the blood, and are pro-

bably identical with them (having- wandered either from the vessels or from the
lymphoid tissue of the membrane). The chief organic constituent of mucus

—

mucin—is precipitated from the fluid by the addition of acids.*

* The several mucous membranes are described more in detail -when the organs of which
they form a part 'are treated of, and the works which refer to them may then also bo
mentioned most appropriately.
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THE SKIK".

The skin consists of tlie cutis vera or corium, and the cuticle or

epidermis.

The Epidermis, Cuticle, or Scarf-Skin belongs to the class of

stratified epithelia, the general nature of which has been already con-

sidered. It forms a protective covering over every part of the true skin.

Fig. 219.

Fig. 219.

—

Section of epidermis from the human hand. Highly magnified (Ranvier),

II, horny layer, consisting of s, superficial homy scales ; siv, s'n'oUen-out horny cells
;

s.l, stratum lucidum ; 31, rete mucosum or Malpigliian layer, consisting of 2^, prickle-

cells, several rows deep ; and c, elongated cells forming a single stratum near tlie corium.

The granular cells of Langerhaus, which lie just below the stratum lucidum, are not shown.

n, part of a plexus of nerve-fibres in the superficial layer of the cutis vera. From this

plexus, fine varicose nerve-fibrils may be traced passing up between the ceUs of the

Malpighian layer.

The thickness of the cuticle varies in different parts of the surface,

measuring in some places not more than ^}oth, and in other parts,

as much as -aV^h of an inch (about a millimeter), or even more than this

in some individuals. It is thickest in the palms of the hands and
soles of the feet, where the skin is much exposed to intermittent pressure,

and it is not improbable that such pressure may serve to stimulate the

subjacent true skin to a more active formation of epidermis ; but the

difference does not depend immediately on external causes, for it is well

marked even in the foetus.

The more firm and transparent superficial part, or horny layer, of the
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epidermis, may be separated after maceration from the deeper, softer,

more opaque, and recently formed part, which constitutes what is called

the Malpighian layer, or rete mucosum.
The under or attached surface of the cuticle is moulded on the adjoin-

ing sm'face of the corium, and, when separated by maceration or pu-
trefaction, presents impressions corresponding exactly with the papillary

or other eminences, and the furrows or depressions of the true skin ;

the more prominent inequalities of the latter are marked also on the

outer surface of the cuticle, but less accurately. Fine tubular prolon-

gations of the cuticle sink down into the ducts of the sweat-glands, and
are often partially di-awn out from their recesses when the cuticle is

detached, appearing then hke threads j)roceeding from its under
surface.

Structure.—The cuticle is made up of cells agglutinated together in

many irregular layers. The deepest cells are elongated in figure, and
placed perpendicularly on the surface of the corium (fig. 2 1 9 f, and fig. 2 24)

;

they are denticulate at their lower ends, and fit into corresponding fine

denticulations of the corium. The perpendicular cells generally form
one stratum; above them are cells of a more rounded or polyhedi'al

shape (7;). These, as first shown by Max Schultze and Yirchow, are

marked on their sm-face with numerous ridges and fm-rows or are covered

Fio- 990
Fig. 220.

—

Skin op the Jnegeo, vertical sec- "'
'

'

TION, MAGNIFIED 250 DiAMETERS (Kolliker).

a, a, cutaneous papilla ; 5, undermost and
dark-coloured layer of oblong vertical epidermis-

cells ; c, mucous or Malpighian layer ; d, horny
layer.

with minute spines. The spines and
ridges of neighboming cells do not,

however, interlock one with another

as was at first supposed, but on the

contrary, meet at their summits so

as to leave between the cells fine

channels through which it is conceived

nutrient plasma may be conducted
to the cells (Bizzozero). These so-

called " prickle-cells " form several

strata ; above, they become gradually

more flattened, conformably to the

surface, until a layer is reached in which the outlines of the cells, which
are two or tln-ee deep, are indistinct, so that in section they ajDpear to form
a clear almost homogeneous layer {stratum lucidum, Oehl ; fig. 219, s.l).

Immediately below the stratum lucidum a layer, often incomplete, of
granular-looking, flattened cells is usually to be seen (Langerhans). The
granules in these cells are composed of a peculiar matter staining deeply
with carmine, and they are thought by some to have an intimate relation
to the formation of the horny substance in the more superficial cells.

Immediately above the stratum lucidum, which may be looked upon as
the commencement of the horny layer of the epidermis, is a stratum ofcon-
siderable thickness in which the cells are much enlarged, and the nuclei

"

in many cases no longer visible (67/;) : towards the smface they pass into
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tlie hard flattened scales (s) which are to be thrown off by desquamation.

As the cells change their form, they undergo chemical and physical

changes in the nature of their contents ; for in the deeper layers they

consist of a soft, granular, protoplasmic matter, soluble in acetic acid,

whilst the superficial ones are transparent, dry, and horny, and are

not affected by that reagent. These dry hard scales may be made to

reassume their cellular form, by exposure for a few minutes to a solution

of caustic potash or soda, and then to water. Under this treatment

they are softened by the alkali, and distended by imbibition of water.

Many of the cells of the cuticle contain pigment-granules, and often

give the membrane more or less of a tawny colour, even in the white

races of mankind ; the blackness of the skin in the negro depends
entirely on the cuticle. The pigment is contained principally in the

cells of the deep layer or rete mucosum (fig. 220), and appears to fade

as the cells approach the surface, but even the superficial part possesses

a certain degree of colour.

In the intercellular channels of the Malpighian layer lymph-cor-
puscles, rounded or branched, are occasionally observed. They are in

all probability derived from the subjacent corium.

Uerves.—Fine varicose nerve-fibrils pass up into the epidermis,

penetrating between the cells of the Malpighian layer (fig. 219), where
they undergo a certain amount of ramification. The branches do not
unite with one another to form a network, but end in knob-like swellings

or varicosities. With the growth and displacement of the cells between
which they are placed, these varicosities become, according to Eanvier,

continually detached from the end of the fibrils, the latter meanwhile
growing constantly to supply the place of the detached portions.

In the skin, covering the snout of certain animals {e.g. mole) the nerves end in

peculiar terminal organs (Bimer), formed of thickenings of the epidermis, the
nerve-fibres passing as an elongated bunch of closely set, somewhat zigzag,

varicose, unbranched fibrils between the epidermis-cells. Besides these fibrils

there are others at the periphery of the organ which are less closely arranged,

and terminate in branched extremities as in other parts of the epidermis.

Merkel has described the nerves of the epidermis as ending in pyriform cells

(tactile cells) placed between the ordinary epithelial cells ; and others have thought
that the nerves could be traced to stellate cells in the interstitial spaces, but im-
proved methods of staining with chloride of gold which have been employed in
the investigation would seem to render it probable that the termination of the
nerve-fibrils in the cuticle is always free as above described.

Formation and gTowth. of Epidermis.—In the earliest condition of the em-
bryo there is a special layer of cells, the ectoderm or epiblast, set aside chiefly for

the production of the epidermis ; and it is probable, that the subsequent generations

of epidermic cells by which the tissue is throughout life maintained, are derived

by unbroken descent from the original embryonic stratum. At first the cells

form a single columnar layer, but by division of its cells a horny layer early makes
its appearance, being represented at first by but a single layer of large polygonal
cells, covering the layer of smaller and more columnar cells (KoUiker). The latter

soon divide again and produce a second row of rounded cells superficial to them,
and the increase of thickness which is thus begun continues by further division

of cells in the deeper layers, so that before long the Malpighian layer has become
extremely well marked. Meanwhile its more superficial cells, undergoing a
chemical transformation and becoming flattened out, have been added on to
the under surface of the horny layer, and this change proceeds until the mucous
and horny layers are about of equal thickness. After a time the superficial cells

of the horny layer begin to desquamate, and this process goes on during the rest

of foetal life, the cast-off scales appearing partly in the liquor amnii, and also.
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mixed with tlie secretion of the sebaceous glands, forming the so-called vernix
caseosa covering the whole surface of the foetus.

The pigment of the Malpighian layer in the coloured races of mankind fre-

quently does not appear until a day or two after birth.

The growth of epidermis continues throughout life. The cells of the Malpi-
ghian layer are constantly undergoing multiplication, and the new cells thus
produced push outwards those which are previously formed. The more superficial

cells of the Malpighian layer are thus continually passing on to reinforce the horny
layer, the cells as they proceed outwards becoming flattened and transformed into
horny matter. This change seems to occur quite abruptly when the stratum
lucidum is reached ; beyond this the cells again swell out somewhat, until on reach-
ing the most superficial layers they are entirely transformed into structureless

homy scales which are constantly undergoing desquamation.

There is reason to suppose that the regeneration of epidermis, when a portion
has been removed by a blister or wound of any kind, takes place, like its growth,
only from cells of the Malpighian layer. If the whole of the epidermis has
been destroyed or removed over an extensive surface, the process of regene-
ration is very slow, since the new covering has to grow in from the epidermis at
the margins of the wound. But if the deeper cells have not been wholly re-

moved the regeneration may start from the places where any of them still re-

main, and the formation of the new covering is proportionately quicker. In the
operation of skin-grafting so-called, the surgeon endeavours to transplant from
a healthy portion of skin small pieces of the epidermis, including its deeper layers,

to the denuded surface : if the operation succeed, each such graft acts as a centre
from which the new formation of epidermis may spread, and in this way the
raw sui-face may be much more speedily covered.

The True Skin, Cutis Vera, Derma, or Corium, is a sentient and
vascular fibrous texture. It is covered and defended, as already ex-

plained, by tlie non-vascular cuticle, and is attached to the parts beneath

t)y a layer of areolar tissue, named " subcutaneous," which, excepting in

few parts, contains fat, and has therefore been called also the " panniculus

adiposus" (fig. 221, d). The connection is in many parts loose and move-
able, in others close and fii-m, as on the palmar surface of the hand and
the sole of the foot, where the skin is fixed to the subjacent fascia by
mmierous stout fibrous bands, the space between being filled with a firm

padding of fat. In some regions of the body the skin is moved by
striated muscular fibres, which may be unconnected with fixed parts, as

in the case of the orbicular muscle of the mouth, or may be attached

beneath to bones or fasciae, like the other cutaneous muscles of the face

and neck, and the short palmar muscle of the hand.

Structure.—The cutis vera is made up of an exceedingly strong and
tough framework of interlaced connective tissue fibres. The fibres are

chiefly of the white variety, such as constitute the main part of the

fibrous and areolar tissues, and are arranged in stout interlacing bundles,

except at and near the surface, where the texure of the corium becomes
finer and closer. With these are mixed elastic fibres, which vary in

amount in different parts, and connective tissue corpuscles, which are

often flattened up against the bundles of white fibres. Towards the

attached surface the texure becomes much more open, with larger and
larger meshes, in which lumps of fat and the sweat glands are lodged

;

and thus the fibrous part of the skin, becoming more and more lax and
more mixed with fat, blends gTadually with the subcutaneous areolar

tissue.

In consequence of this gradual transition of the corium into the sub-

jacent tissue, its thickness cannot be assigned with perfect precision.
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As a general rule, it is thicker on the posterior aspect of the head, neck,

and trunk, than in front ; and thicker on the outer than on the inner

side of the limbs, and as well as the cuticle, it is remarkably thick on
the soles of the feet and palms of the hands. The skin of the female is

thinner than that of the male.

The skin is generally said to measure from -^^i^th. of an inch to nearly ^th of an.

inch. ("5 to 3 millimeters) ; but it has been pointed out hj Warren that, on the back
and shoulders, it may be as thick as o or 6 mm. ; and here it is almost entirely

formed of dense anastomosing bundles of connective tissue ; sending down on the

one hand fibrous prolongations through the subjacent panniculus adiposus, and
being penetrated obliquely on the other hand by columns of fat cells, which
extend from that layer to the bases of the small hair-follicles, and conduct blood-

vessels to these and to the surface of the skin.

Bundles of plain muscular tissue are distributed in the substance of

the coriuni wherever hairs occur ; their connection with the latter

will be afterwards explained. Muscular bundles of the same kind are

-? --a

-_-—--<?

i.-r/

Pig. 221.—Vertical section op the skin and subcutaneous tissue, from the end of

THE thumb, across THE RIDGES AND FURROWS. MAGNIFIED 20 DIAMETERS (Kolliker).

a, horny, and 6, Malpighian layer of the epidermis ; c, corium ; d, 2Mnniculus adiposus ;

e, papillaj on the ridges
; /, fat-clusters

; y, sweat-glands ; h, sweat-ducts ;
i, their open-

ings on the surface.

found in the subcutaneous tissue of the scrotum, penis, perineum, and

areola of the nipple, as well as in the nipple itself. They join to form

reticular layers, attached to the under smiace of the corium. In the

areola they are disposed circularly.

Por convenience of description it is not unusual to speak of the
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coriiim a:? consisfciug of two layers, the " reticular " and the " papillary.'

The former, the more deeply seated, takes no part in the construction of

the jDapiUffi, but contains in its meshes hair foUicles, cutaneous glands,

and fat. The latter is extended into papiUee, and receives only the upper
portion of the hair-follicles and glands, together with the terminal ex-

pansion of the blood-vessels.

The free surface of the cutis vera is marked in various places with
larger or smaller furrows, which also affect the superjacent cuticle. The
larger of them are seen opposite the flexures of the joints, as those so well

known in the palm of the hand and at the joints of the fingers. Tha
finer furrows intersect each other at various angles, and may be seen

almost all over the surface ; they are very conspicuous on the back of

the hands. Fine cm'vilinear ridges, with intervening furi'ows, mark the

skin of the palm and sole ; these are produced by the ranges of papillEe,

to be immediately described.

Papillae.—The free surface of the corium is beset with smaU eminences
thus named, Avhich seem chiefly to contribute to the perfection of the

Fis. 2:22.

^_...j^-M.^.J ff

Kg. 222.

—

Compound papilla fko3i the palm of the hand, magnified 60 diameters.

a, basis of a papilla ; 6, 6, divisions or branches of tbe same ; c, c, branches belonging

to papiUffi of which the bases are hidden from view (after Kolliker).

skin as an organ of touch, seeing that they are highly developed where
the sense of touch is exquisite. They serve also to extend the surface for

the production of the cuticular tissue, and hence are large-sized and
numerous under the nail. The papillge are large, and in close array on
the palm of the hand and pahnar surface of the fingers, and on the corre-

sponding parts of the foot. In these places they are ranged in lines forming

the characteristic curvilinear ridges seen when the skin is still covered

with its thick epidermis. They are of a conical figure, rounded or blunt

at the top and sometimes clefo into two or more points, when they are

named compound papfll^. They are received into corresponding pits on
the under surface of the cuticle. In structure they resemble the rest of

the superficial layer of the corium, and consist of a finely fibrillated

tissue, with a few elastic fibres. On the palm, sole, and nipple, where
they are mostly of the compound variety, they measure from ^^^th
to T^th of an inch (0"125 to 0*25 mm.) in height. In the ridges, the

larger papilla are placed sometimes in single but more commonly in

double rows, with smaller ones between them (fig. 221), that is, also

on the ridges, for there are none in the intervening grooves. These ridges

are marked at short and tolerably regular intervals with notches, or short

transverse furrows, in each of which, about its middle, is the minute
funnel-shaped orifice of the duct of a sweat-gland (fig. 223). In other
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parts of tlie skin endoTred with less tactile sensibility, the jmpillEe are

smaller, shorter, fewer in number, and irregularly scattered. On the face

tliey are reduced to fi'om -g-^ to -gig of an inch ; and here they at parts

disappear altogether, or are replaced by slightly elevated reticular ridges.

Fine blood-vessels enter most of the papilltP, forming either simple

capillary loops in each, or dividing into two or more capillary branches,

according to the size of the papilla and its simple or composite form,

which turn round in the form of loops and return to the ^'eins. Other
papillfc receive nerves, to be presently noticed.

Blood-vessels and lymphatics.—The arteries divide in the sub-

cutaneous tissue, and, as their branches pass from this deep expansion

I'ig. 2l.j.
jjjg^ 223.

—

Magxified view of four of the ridges op
THE EPIDERMIS, WITH SHORT FURROWS OR NOTCHES
ACROSS THEil : ALSO THE OPENINGS OF THE SUDORIFEROUS
DUCTS (after Breschet).

towiirds the surface of the skin, tliey supply

offsets to the fat-clusters, sweat-glands, and
hair-follicles. They divide and anastomose
again near the surface, and at length, on reach-

ing it, form a network of capillaries, with poly-

gonal meshes. Fine looped branches pass i'rom

the superficial arteries into the papillEe, as already

mentioned. The veins closely accomj)any the

arteries.

Lymphatics are found in all parts, although

probably not everywhere in equal number ; they

are abundant and large in some parts of the skin, as on the scrotum
and round the nipple. They form at least two networks, one superficial

and another more deejDly situated, Avhich intercommunicate by uniting

vessels, whilst the deeper net-work joins the lymphatics of the subcuta-

neous tissue. According to Klein there is a continuous plexus through
the whole thickness of the corium, and all the vessels jDossess valves. The
most superficial network, although close to the surface of the corium, is

beneath the net of superficial blood-capillaries, which are much smaller

than the lymphatic capillaries. In certain parts on the palm and sole,

lymphatics pass into the papillte, but do not reach their smnmits. Other
lymphatics accompany the blood-vessels, two passing commonly with
each small artery and vein, and joining and anastomosuig over the

vessels.

As in other kinds of connectiye tissue, the lymphatics of the skin may be said

to originate in the cell-spaces of the tissue, and since the cells lie for the most
part in rows between the bundles, the combined spaces form interfascicular clefts,

which can be injected with the lymphatics. The superficial cell-spaces communi-
cate with the intercellular channels of the epithelium, and thus these also are

brought into connection with the lymphatics. The cell-spaces of the adipose

tissue can similarly be injected.

Mexves.—Nerves are supplied in very different proportions to different

regions of the skin, and according to the degree of sensibility. They
j)ass upwards towards the papillary surface, where they form plexuses, of

which the meshes become closer as they approach the surface, and the
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constituent branches finer. From the most superficial plexus, which lies

inunediately under the epithelium, delicate non-medullated fibrils have

been traced passing upwards amongst the cells of the Malpighian layer of

the cuticle, where they end, as we have seen, in fi-ee slightly bulbous

extremities. A large share of the cutaneous nerves is distributed to the

hair-follicles, whilst some terminate in end-bulbs, tactile corpuscles, and
Pacinian bodies, the last named being seated in the subcutaneous tissue.

The tactile corpuscles of the skin are found most numerously in certain

papillfe of the palm and sole, more sparingly in those of the back of the

hand and foot, the palmar surface of the fore-arm, and the nipple. Such
papiUa3 commonly contain no blood-vessels, and are named " tactile,"

(fig. 224, b), as distinguished from the "vascular" papillge (a). The
structure of these diiferent terminal corpuscles has been already described

FiET 224.

Fig. 224.

—

Section of skin showing two papilla and beeper lateks of epidermis.

(Biesiadecki.)

«, Vascular jjapiila with capillary loop passing from subjacent vessel c ; h, nerve papilla

witli tactile corpuscle, t. The latter exhibits transverse fibrous markings : three nerve-
fibres, d, are represented as passing up to it : at //these are seen in optical section.

(pp. 161 to 172). Many of the nerve-fibres, probably chiefly the non-
medullated, are supplied to the plain muscular tissue of the minute hair-

muscles, and to that of the blood-vessels.

]^AILS A3SrD HAIBS.
The nails and hairs are gTowths of the epidermis, agreeing essentially

in nature with that membrane.

NAILS.

The posterior part of the nail, which is concealed in a groove of
the skin is named its "root," the uncovered part is the "body," which
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terminates in front by tlic " free edge." A small portion of tlie nail

near the root, named from its shajDe the lunula, is whiter than the rest.

This appearance is due* partly to some degree of opacity of the substance
of the nail at this point, and partly to the skin beneath being less vas-
cular than in front.

The part of the corimn to which the nail is attached, and by which
in fact it is secreted or generated, is named the matrix. This portion of
the skin is highly vascular and thickly covered with large vascular
paj)ill£e. Posteriorly the matrix forms a crescentic groove or fold, deep
in the middle but getting shallower at the sides, which lodges the root

of the nail ; the rest of the matrix, before the groove, is usually named
the hed of the nail. The small lighter coloured part of the matrix next
the groove and corresponding with the lunula of the nail, is covered
with papillae having no regular arrangement, but the whole remaining
surface of the matrix situated in front of this, and supporting the body
of the nail, is marked with longitudinal and very slightly diverging
ridges cleft at their summits into rows of papillse. These ridges, or

lamince, as they are sometimes, and perhaps more suitably, named, fit

Fig. 225.

/^

Fig. 225.— Vertical transverse
SECTION THROUGH A SMALL PORTION
OF THE NAIL AND MATRIX, HIGHLY
MAGNIFIED (Kolliker).

A, cerium of the uail-bed, raised
into ridges or lamiuas, a, fitting iu
between corresponding laniiuas, b, of
the nail ; B, Malpighian, and C, horny-
layer

; d, deepest and vertical cells
;

e, upper more flattened cells of JMal-

pighian layer.

into corresponding furrows on
the under surface of the nail.

The cuticle, advancing from
the dorsmn of the finger and
doubling back, becomes con-
tinuous with the nail near its

posterior edge, that is, all

round the margin of the groove
in which the nail is lodged

;

« in front the cuticle of the
point of the finger becomes

continuous with the under surface of the uail a little way behind its

free edge.

The nail, like the cuticle, is made up of epithelial cells. The oldest and
most superficial of these are the broadest and hardest, but at the same
time very thin, and so intimately connected together that their respec-

tive limits are scarcely discernible. They form the exterior, horny jxirt

of the nail, and cohere together in irregular layers, so as to give this

part a lamellar structm'e. On the other hand, the youngest cells, which
arc those situated at the root and under siuface, are softer and of a
rounded or polygonal shape. The deepest layer differs somewhat from
the others, in ha^vang its cells elongated, and arranged perpendicularly,

as in the case of the epidermis. Thus the under part of the nail (fig.

225, b) corresponds in nature with the Malpighian or mucous layer of
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the eioidermis, and tlie upper parfc (c) with the horny layer. As in the

case of the epidermis, the hardened scales of the nails may be made to re-

assmne their cellular character by treatment with caustic alkah, and after-

wards with water ; and then it is seen that they still retain their nuclei.

The growth of the nail is effected by a constant generation of cells at

the root and under surface. Each successive series of these cells being

followed and pushed from their original place by others, they become flat-

tened into diy, hard, and inseparably coherent scales. By the addition

of new cells at the posterior edge the nail is made to advance, and by
the apposition of similar particles to its under surface it gTows in thick-

ness ; so that it is thicker at the free border than at the root. The nail

being thus merely a modified and exuberant part of the epidermis, the

question at one time raised, whether that membrane is continued under-

neath it, loses its significance. When a nail is thrown off by suppura-

tion, or pulled away by violence, a new one is produced in its place,

provided any of the cells of the deeper layers of the epithelium are left.

Formation and growtli of tlie Kails.—In the third month, of intra-uterine

life the part of the embryonic cerium which becomes the matrix of the nail is

marked off by the commencing curvilinear groove, which limits it posteriorly and
laterally. The epidermis on the matrix then begins to assume, in its under part,

the characters of a nail, which may, therefore, be said to be at first embedded in

the embryonic cuticle. The rudiment of the nail proper first appears at the
posterior part of the matrix, and grows forward from this over the bed (Unna).
After the end of the fifth month it becomes free at the anterior border, and in

the seventh month decidedly begins and thenceforth continues to grow in length.

At birth the free end is long and thm, being manifestly the earlier formed part

which has been pushed forvrard. This breaks or is pared off after birth, and, as

the infantile nail continues to grow, its flattened cells, at fii'st easily separable,

become harder and more coherent, as in after-life.

The average rate of growth of the nails is about 3^^ of an inch per week.
Eerthold found that the nails grow rather faster in summer than in winter, and
faster in the right hand than in the left. He also observed a difference in the nails

of different fingers : thus the growth was fastest in the middle finger and slowest

in the thumb. A careful series of experiments by H. J. Benham, have con-

firmed generally the observations of Berthold, but no clear difference could be
observed between the two hands, and the growth appeared to be slowest in the

little finger. In some individuals these differences Vv'ere not observed.

HAIRS.

A hair consists of the root, which is fixed in the skin, the

sliaft or stem, and the point. The stem is generally cylindrical, but

often more or less flattened : when the hair is entire, it becomes gra-

dually smaller towards the point. The length and thickness vary

greatly in different individuals and races of mankind as well as in

different regions of the body. In the straight-haired races the indi-

vidual hairs are coarser and thicker and the section more circular than

in the woolly-haired races, in which the section is smaller and oval, the

hairs being sometimes markedly flattened. The section is largest in

the North American Indians, Chinese and especially in the Japanese.

Light-coloured hair is usuaUy finer than black.

The stem is covered with a coating of finely imbricated scales, the

upwardly projecting edges of which give rise to a series of fine waved
transverse lines, which may be seen with the microscope on the surface

of the hair (fig. 226, a). Within this scaly covering, by some called
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the Tiair-mtidc, is a fibrous siil)stance Avliich in all cases constitutes
the chief part and often the whole of the stem ; but in many hairs

the axis is occupied by a substance of a different nature, called the
medulla or ^jzYA. The fibrous substance is translucent, with short
longitudinal opaque streaks of darker colour intermixed. It may be
broken up into straight, rigid, longitudinal fibres, which, when sepa-
rated, are found to be flattened, broad in the middle and pointed
at each end, with dark and rough edges. The fibres again may
be resolved into flattened cells of a fusiform outline ; these are mostly
transparent, or marked with only a few dark specks. The colom-
of the fibrous substance is caused by oblong patches of pigment-granules,
and generally diffused coloming matter of less intensity. Very slender

Fig. 226.

Fig. 226,— A, Surface op a white hair, magnified 160 diameters. The waved
LINES MARK THE UPPER OR FREE EDGES OF THE CORTICAL SCALES. B, SEPARATED
SCALES, MAGNIFIED 350 DIAMETER (after Kollikcr).

elongated nuclei are also discovered by means of reagents, whilst specks

or marks of another description in the fibrous substance are occasioned

by minute irregularly shaped cavities containing air. These air-lacu-

nules are abundant in white hairs, and are best seen in them, there

being no risk of deception from pigment-specks ; indeed they may be

altogether wanting in very dark hairs. Viewed by transmitted light

they are dark, but brilliantly white by reflected light. When a white

hair has been boiled in water, ether, or oil of turpentine, these cavities

become filled with fluid, and are then quite pellucid ; but when a liair

which has been thus treated is dried, the ah quickly finds its way again

into the lacunas, and they resume their original aspect.

The medulla or pith, as already remarked, does not exist in all hairs.

It is wanting in the fine hairs over the general surface of the body, and
is not commonly met with in those of the head ; nor in the hairs of

children under five years. When present it occupies the centre of the

shaft and ceases towards the point. When viewed by transmitted

light, it is more opaque and deejD-coloured than the fibrous part ; by
reflected light", on the other hand, it is white, its colour being chiefly

due to the contained air-particles. It is composed of rows of soft ceUs,

difiering in shape, but generally angular, and containing minute
particles, some resembling fine fat granules, intermixed with minute air-

bubbles. The whole forms a continuous dark mass along the middle of

the stem, interrupted at parts for a greater or less extent. In the latter

case, the axis of the stem at the interruptions is fibrous like the sur-

rounding parts.

The root of the hair is fighter in colour and softer than the stem

;

it swells out at its lower end into a bulbous enlargement or knob (fig.
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227, c), and is received into a recess of the skin named the Imir-foUide,

which, when the hak is of considerable size, reaches down into the sub-

cntaneons fat.

Fig. 227.

—

Haiu-follicle, in loxgitudinal sec-

TIOK. ]\[ODERATELT HAGNIFIED. (Biesiadccki.)

a, moTitli of tlie Lair-foUicle ; 6, its neck; c,

lower bulbous enlargement ; d, e, dermic coat

(outer and inner layers, the innennost or hyaline

layer is not shown) ; /, g, epidermic coat (outer

and inner root-sheath) ; /;., librous substance of

the hah- ; k, medulla ; I, haii--knob ; m, fat in

the subcutaneous tissue ; n, arrector pili ; o,

papilla of the cutis
; j7, papilla of the hair-knob ;

s, Malpighian layer of the epidermis; cp, horny

layer, represented in the figure as continuous

with the inner root-sheath, but this is somewhat

doubtful ; t, sebaceous gland.

Fig. 227.

The foUicle, which receives near its

mouth the opening ducts of one or

more sebaceous glands {t), is some-

what dilated at the bottom, to corre-

spond with the bulging of the root ; it

consists of an outer coat continuous

with the corimn, and an epidermic

hning continuous with the cuticle.

The outer or dermic coat of the foUicle

is thin but firm, and consists of three

layers. The most external (fig. 229, a)

is fonned of connective tissue in longi-

tudinal bundles, without elastic fibres,

but with numerous corpuscles. It is

highly vascular, and pro^dded with

nerves. It is continuous above with

the corimn, and determines the form
of the follicle. The most internal layer

(Jiyaline layer, Kolliker) (fig. 229, d)

is a transparent homogeneous mem-
brane, marked transversely on its inner

surface with some raised lines, and not

reaching so high as the mouth of the

folHcle ; it corresponds vdth the mem-
brana j)ropria or basement membrane
of aUied strucfcm'es. Between the two
is a layer extending from the bottom of

the folKcle as high as the entrance of

the sebaceous glands, composed of an
indistinctly fibrous matrix, which tears

transversely, and of transversely dis-

posed connective tissue corpuscles, with
oblong nuclei (fig. 229, c). This layer is continuous with the so-called

papiUary part of the cutis vera, and its blood-vessels are continuous above
with those of that layer.

The qnchrmic coat of the foUicle adheres closely to the root of the
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hair, and commonly seijarates, in great part, from the follicle and
abides by the hair "svhen the latter is pulled ont ; hence it is sometimes

named the " root-sheath." It consists of an outer, softer, and more
opaque stratum (fig. 229, e), next to the dermic coat of the follicle, and
an internal more transparent layer (fig. 229,/, g) next to the hair. The
former, named also the outer root-sIieatJi, and by much the thicker of the

tvfo, corresponds with the Malpighian layer of the epidermis in general,

and contains soft polygonal cells, including pigment-granules in the

Fiu-. 22S. Fig. 229.

Fig. 228.

—

Magnified tiew op the bottom op a hair-pollicle (after Kolilrauscli).

a, liair showing medulla, fibrous substance, and cuticle ; 5, inner, and c, outer layer

of the epidermic lining of the hair-follicle ; d, dermic or external coat of the hair-follicle,

shown in part ; e, imbricated scales above forming a cortical layer on the surface of the

hair. The adjacent cuticle of the root-sheath is not repi'esented, and the papilla is

only faintly indicated in the lower part of the knob.

Fig. 229.

—

Section op hair-folltcle (Biesiadecki).

1, Dermic coat of follicle ; 2, epidermic coat or root-sheath ; a, outer layer of dermic
coat, with blood-vessels, b, b, cut across ; c, middle layer ; d, inner or hyaline layer ; c,

outer root-sheath ; /, (/, inner root-sheath ; h, cuticle of root-sheath ; i, hair.

coloured races, which at the lower part form a much thinner stratum and
pass continuously into those of the hair-knob ; the internal layer or i7iner

root-sheath, represents the superficial or horny layer of the epidermis, but
is not continuous with that part of the skin, ceasing abruptly a little

below the orifices of the sebaceous ducts. Lining the root-sheath inter-

nally is a layer of imbricated, downwardly projecting scales, the cuticle of
the root-sheath (fig. 229, h), which is a|)plied to the cuticle of the hair

jDroper, to whose upwardly directed scales it fits like a mould. Its scales,

as well as those of the hair-cuticle, pass, at the bottom of the follicle,

into a layer of columnar cells which covers the surface of the hair-knob.

The inner root-sheath itself consists of two layers, which towards the

bottom of the fohicle become blended into one. The innermost (that

next the cuticula) is known as Huxleifs layer ; it consists of flattened

polygonal nucleated cells, two or three deep. The outermost {Henle's

layer) is composed of oblong, somewhat flattened cells without nuclei.
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between wMch gaps frequently occur, so as to give it the aspect of a per-

forated memlbrane. At the lower part both layers pass into a single

layer of large polygonal nucleated cells without openings between them.

At the upper part also of the foUicle the two layers of the inner root-

sheath are not distinguishable from one another (Ebner).

The soft, bulbous enlargement of the root of the hair is attached

by its base to the bottom ' of the folhcle, and at the circumference of

this attached part it is continuous with the epidermic lining (fig. 228).

At the bottom of the follicle it, in fact, takes the place of the epider-

mis, of which it is a growth or extension, and this part of the follicle

is the true matrix of the hair, being, in reahty, a part of the coriuni

Fig. 230. Section op the skin of the Fig. 230.

HEAD, WITH TWO HAIR FOLLICLES, SLIGHTLY

MAGNIFIED (KulUker).

a, epidermis ; h, corium ; c, muscles of ^
tlie Iiair-follicles.

(though sunk belov/ the general sur-

face), which supplies material for

the production of the hair. From
the bottom of this folhcle rises a

small vascular papilla, usually of a

fungi-form shape (fig. 221, ]j). The
papilla fits into a corresponding excavation of the hair-knob. In the

large tactile hairs on the snout of the seal and some other animals it is

very conspicuous. As the foUicle, in short, is a recess of the corimu, so

the hair-papilla is a cutaneous papilla rising up in the bottom of it.

Xervous branches enter the hair-follicles, but their final distribution is

obscure. Some filaments enter the papilla, and many fibres appear to

enter the epithelium, where they probably end as in the Malpighian layer

of the epidermis. In the tactile hairs of animals, the nerves are

described (Schobl) as passing upwards over the outer root-sheath, there

losing their white substance and forming a close plexus with vertical

meshes ; finally ending in an annular expansion, which encircles the hair

just below the orifices of the sebaceous glands, and is in immediate con-

nection with the hyaline layer of the foUicle. In the larger tactile hairs

the bulb is surrounded by cavernous tissue, vrhich lies between the outer

and middle layers of the dermic coat.

Muscles of tke Hairs.—Slender bundles of plain muscular tissue

(arrectores pili) are connected with the hair-foUicles (figs. 227, 230).

They arise, generally by a number of fasciculi, fi'om the most superficial

part of the corium, and joining to form a somewhat flattened and plexi-

form muscle they pass down obliquely to be inserted into the outside of

the follicle below the sebaceous glands, which they in a measure embrace
in their passage. In the dermic coat of the foUicle some of the muscular
fibres become transverse and partly encircle the lower part of the follicle.

They are placed on the side to which the hair slopes, so that their

action in elevating the hair is evident.

Development of liair in tlie fost-as.—The rudiments of tlie hairs may be dis-

cerned at the end of the third or beginning of the fourth month of intra-uterine

life, as little black specks beneath the cuticle. They are formed of do-ffn-

growths of the Jlalpighian layer, which sink into the corium (fig. 231). A
homogeneous limiting membrane next appears (i), inclosing the collection of
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cells, and contintious above witli a similar simple film which at this time lies

between the cuticle and the corium ; it becomes the innermost or hyaline layer of

the dermic coat of the follicle. The hair-rudiments next lengthen and swell out
at the bottom, so as to assume a flask-shape. Outside the limitary membrane, the
fibres, corpuscles, and other constituents of the dermic coat of the follicle become
formed. While this is going on outside, the cells within the follicle undergo changes.
Those in the middle lengthen out confonnably with the axis of the follicle, and
give rise to the appearance of a short conical miniature hair, faintly distinguishable

Fiff. 231.

6-

Fig. 231.

—

Hair-eudiment peom an embryo
OP SIX WEEKS, 3IAGNIFIED 350 DIAMETERS
(Kolliker).

a, horny, and 5, mucous or Malpighian
layer of cuticle ; i, limitary membrane ; m,
cells (some of which are assuming an oblong
figure) wliich chiefly form the future hair

by difference of shade from the surrounding mass of cells, which are also slightly

elongated, but across the direction of the follicle. The papilla (fig. 232, /;) grov/s

up from the corium into the swollen root of the little hair ; and the residuary

cells contained within the rudimentary follicle form the root-sheath, the inner

Fig. 232. ,G

«- fiBsasBi^gSBe:}

Fig. 232.—A. Rudiment of a hair op the eyebrow, magnified 50 diameters
(Kolhker).

The cells form an internal cone indicating the position of the future liair. a, horny
layer of cuticle ; h, mucous layer ; c, external layer of root-sheath ; i, limitary membrane

;

h, papilla.

B.

—

Hair-rudiment from the eyebrow, with the young hair not yet risen
through the cuticle.

e, hair-knob
; /, stem, and g, point of the hair ; d, internal layer of the root-sheath,

still inclosing the hair ; n, n, commencing sebaceous follicles.

C.

—

Hair-follicle from the eyebrow with the hair just protruded ; the inner
iAYBR of the root-sheath RISES TO THE MOUTH OP THE HAIR-FOLLICLE.
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layer of wMch.. or inner root slieatli, lying" next to the hair (fig. 232, d), is soon

distinguished by its translucency from the more opaque outer part that fills up
the rest of the cavity. The young hair continuing to grow, at last perforates the
cuticle (fig. 232, C, ^). either directly or after first slanting up for some way be-

tween the mucous and horny strata : it is often bent like a whip, and then the

doubled part protrudes.

The first hairs produced constitute the lanugo ; their eruption takes place

about the fifth month of intra-uteriue life, but some of them are shed before

birth, and are found floating in the liquor amnii.

According to KoUiker's observations, the infantile hairs are entirely shed and
renewed s\dthia a few months after birth ; those of the general surface first, and
afterwards the haks of the eyelashes and head, which he finds in process of change
in infants about a year old. The new hah-s are generated in the follicles of the
old (fig. 233). An increased growth of cells takes glace in the soft hair-knob, and

Fix. 233,

Fig. 233.

—

Eyelashes of an infant, ptjlled out from their, follicles, magnified
20 diameters (Kolliker).

A, the new cell-growth forming a cone, m, in the interior (as in fig. 232, a). In B, the
cone has separated into the new hair, /, (/, and its inner root-sheath, b ; a, outer root-
sheath of new hair ; c, pit for papilla ; d and e, the knob and stem of old hair

; /, knob
;

g, stem ; and h, the point of new hau- , i, sebaceous glands ;
^-, k, sweat-glands here

opening into the mouth of the hair-foUicle. C, eyelash with young hair come forth,

I, epidermis continuous with outer root-sheath ; other letters as in preceding figures.

in the adjoining part of the root-sheath (the outer layer) : the growing mass seems
to push up the hair-knob, and detach it from its generative papilla. The newly-
fonned mass of cells occupying the lower part of the follicle, and resting on the
papilla, is gradually convei-ted into a new hair with its root-sheath, just as in the
primitive process of formation in the embryo ; and as the new hair lengthens and
emerges from the follicle, the old one, separated from its matrix by the interposi-
tion of the new growth, is gTadually pushed towards the opening, and at last falls
out, its root-sheath having previously undergone partial absorption. According to
most observers the new hair (when the hairs are changed) does not grow from
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the old papilla., but is formed in a fresli hair-germ whicli buds out from the

outer root-sheath, and in which a new papilla becomes developed : the old papilla

and hair-bulb and the lower part of the primary follicle having- first become

.o-radually atrophied. When a hair is pulled out, a new one grows in its place,

provided the follicle (from whicli the growth proceeds) remains entire.

Growth of hair.—On the surface of the papilla, at the bottom of the follicle,

there is a contiaual multiplication of cells. These for the most part lengthen oat

and unite into the flattened fibres which compose the iibrous part of the hair,

and certain of them getting filled with pigment, give rise to the coloured streaks

and patches in that tissue ; their nuclei, at first, also lengthen in the same manner,

but, at last, partly become indistinct. The cells next the circumference expand

into the scales which form the imbricated cuticular layer. The medulla, where it

exists, is formed by the cells nearest the centre.

The substance of the hak, of epidermic nature, is, like the epidermis itself,

quite extravascular, but like that structure also, it is organised and subject to

internal organic changes. Thus, in the progress of its growth, the cells change

their figure, and acquire greater consistency. In consequence of their elongation,

the hair, bulbous at the commencement, becomes reduced in diameter, and cylin-

drical above. But it cannot be said to what precise distance from the root

organic changes may extend. Some have imagined that the hairs are slowly

permeated by a fluid from the root to the point, but this has not been proved.

The sudden change of the colour of the hair from dark to grey, which some-

times happens, has never been satisfactorily explained : it appears generally to

be due to the development of air between the elongated cells composing the hair.

The rate of growth of hair is about half-an-inch per month.

Distribution and arrangement.—Hairs are found on all pai-ts of the skin

except the j)alms of the hands and soles of the feet, the dorsal surface of the

third phalanges of the fingers and toes, the glans, and the inner surface of the

prepuce. On the scalp they are set in groups, on the rest of the skin for the

most part singly. Except those of the eyelashes, which are implanted perpen-

dicularly to the surface, they have usually a slanting direction, which is con-

stant in the same parts. In the negro the hau* follicles have been found to be
curved, so that the papilla may look in a dhection parallel to or even away from
the surface of the skin (Stewart).

With the exception of the bones and teeth, no tissue of the body withstands

decay after death so long as the hair, and hence it is often found preserved in

sepulchres, when nothing else remains but the skeleton.

GLAIsTDS OF THE SKIK".

The sudoriferous glands or sweat-glaiids (figs. 221 and 234).

—

These are seated on the under surface of the corium, and at variable

depths in the subcutaneous adipose tissue. They have the appearance

of small round reddish bodies, each of which, when examined with the

microscope, is found to consist of a fine tube, coiled up into a ball

(though sometunes forming an irregular or flattened figure) ; from which
the tube is continued, as the duct of the gland, upwards through the

true skin and cuticle, and opens on the surface by a. slightly v/idened

orifice. The dufit, as it passes through the epideimis, is t^visted like a
corkscrew, that is, in parts where the epidermis is sufficiently thick to

give room for this ; lower down it is straight or but slightly curved.

Sometimes the duct is formed of two coiled-up branches which join at a
short distance from the gland, as in fig. 234. The tube, both in the gland
and where it forms the excretory duct, has an investment of connective

tissue, continuous with the corium, and reaching no higher than the

surface of the true skin, and within this consists of a thin membrana
propria and an epithelial lining, consisting in the gland of a single layer
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of cubical or coliiinnar cells (often containing brownish pigment) and, in

the duct, of two or more layers bounded next the lumen liy a fine cuticular

lining. The epithelium of the duct is continuous with the epidermis,which
alone forms the twisted part of the duct. The tube is larger in the proper
secreting portion of the gland than in the duct, and in the former^

Fijr. 234.- -Magxified view op a sweat-glanp, with its duct
(Wagner).

Fig. -IM.

a, the gland surrounded by ftxt-cells ; h, the duct passing through

the coriura ; c, its continuation through the lower, and d, through

the upper part of the epidermis.

between the epithehum and the basement membrane,
is a layer of plain muscular fibres longitudinally

disposed. These are absent in the duct, which is

itself often coiled two or three times before leaving

the gland, but its coils are distinguished fi-om those

of the gland jDropcr by the differences just mentioned.

The secreting cells of the sweat-glands show the

peculiar rod-lUvC structm-e characteristic of many
gland-cells, and minute canals are said to pass from
the lumen of the tube l^etween the opposed surfaces

of the cells (Eanvier). In the large glands in the

axilla, at the root of the penis, on the labia majora,

and in the neighbom-hood of the anus, the layer of

non-striated muscular fibre-cells between the epithe-

lium and Ijasement membrane is very well marked. In the larger

glands, also, the duct is rarely simple, being more usually parted by
repeated dicliotomous diYision into several branches, which before ending

give off short CB3cal processes ; in rare cases the branches anastomose.

On carefully detaching the cuticle from the true skin, after its connection

Fi^. 235.Fig. 235. — Sectiojt of a sweat-
gland. Highly jiagnified

(Biesiadecki).

The tuhiiles are seen variously cut.

a, basement-membrane ; 6, lining

cells ; c, lumen of tube ; d, blood-

vessels and uniting connective tissue.

has been loosened by putrefac-

tion, it usually happens that

the cuticular linings of the

sweat - ducts get separated
from their interior to a certain

depth, and are di'awn out in form of short threads attached to the under
smface of the epidermis. The coils of the gland-tube are loosely held
together by connective tissue (fig. 235), which may form a sort of cap-
sule round the l3ody of the gland. Each little sweat-gland is supplied
with a dense cluster of capillary blood-vessels.

_DistribTition.-;-Sweat-gIaiids exist most numerously in regions tniprovided
witli hairs, but they occur in all parts of the skin, and may in some cases
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open into liair-follicles. According to Krause, nearly 2800 open on a square inch,

of the palm of the hand, and somewhat fewer on an equal extent of the sole of

the foot. He assigns rather more than half this number to a square inch on the

back of the hand, and not quite so many to an equal portion of surface on the

forehead, and the front and sides of the neck. On the breast, abdomen, and

fore-arm. he reckons about 1100 to the inch, while on the lower limbs and the back

part of the neck and trunk, the number in the same space is not more than from

400 to 600.

The size of the sweat-glands also varies. According to the observer last named,

their average diameter is about i of an inch ; but in some parts they are larger

than this—as, for example, in the groin, but especially in the axilla. In this last

situation Ki-ause found the greater number to measure from i to i of an inch,

and some nearly i of an inch in diameter.

The development of the sweat-glands has been carefully studied by KoUiker.

Their rudiments, when first discoverable in the embryo, have much the same

Fig. 237.

Fis. 236.

d--i

Fig. 236.

—

Developing s-iveat glands froji a seven months fcetus. Magnified 50
DIAMETERS (Kolliker).

a, horny layer of the epidermis ; h, Malpigliian layer ; d, rudimentary gland ; e, lumen
of the duct, opening at / upon the surface of the skin.

Fig. 237.^CERr3nNous glands in the skin of the external auditory meatus
Magnified 20 diameters (Kolliker).

a, cutis vera ; l, Malpighian layer, r, horny layer of tlie epidermis ; d, glandular
coil ; f, duct

; /, its opening ; fj, hair follicle ; /(, sebaceous gland ; i, fat.
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appearance as those of the hairs, and, iii like manner, consist of processes of the

mucous layer of the epidermis, which pass down and are received into corre-

sponding recesses of the corium (fig. 236). They are formed throughout of cells

collected into a solid mass of a club shape, continuous by its small end vrith

the Malpighian layer of the cuticle, and elsewhere surrounded by a homoge-
neous limiting membrane, which is prolonged above between the corium and
cuticle. The subsequent changes consist in the elongation of the rudimentary

gland, the formation of a cavity along its axis—at first without an outlet—the

prolongation of its canal through the epidermis to open on the surface, and, in the

meantime, the coiling up of the gradually lengthening giand-tube mto a compact
ball, and the twisting of the excretory duct as it proceeds to the orifice. The
plain m.uscular tissue of the sweat-glands is said to be developed from some of the

epithelium-cells of the rudimentary gland (Eanvier). If this be so, it is the only

known instance, in the higher animals, of muscular tissue being developed from
the ectodenn.

The ceraminous glands in the auditory passage consist of a tube coiled into a
ball, like the sweat-glands (fig. 237) : and there is such a further correspondence

between the two, in structure and mode of development, that the cenmiinous
glands may be regarded as a mere variety of the sudoriferous.

W-. 20S.

Fig. 238.—A, SEBACEors gland fkom the nose with bkanched duct, attached to a
SMALL haik-follicle. MAGNIFIED 50 DIAMETERS (froin Kolliker).

«, epithelium continuous with b, the Malpighian layer of the epidermis
;

c, contents of

gland ; d, d, the groups of saccules on the branches of the duct ; e, hair-follicle
; /, hair.

B, Terminal saccule of a sebaceous gland. Magnified 250 diameters.

a, epithelium lining the saccule ; h, sebaceous matter, partly still within the cells,

C, Separated cells from the interior of an alveolus, containing fattz

particles of varying degrees of fineness (from Kolliker).
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The salbaceous glands (figs. 227, 238, a) pour out their secretion at the

roots of the hairs, for, with very few exceptions, they open into the hair-

folhcles, and are found wherever there are hairs. Each has a short duct,

which opens at a httle distance within the mouth of the hair-folhcle, and
by its other end, leads to a chister of small rounded secreting saccules,

which as well as the duct are lined by epithelium (fig. 238, b), and usually

charged with the fatty secretion, mixed with detached epithelium-particles.

The number of saccular recesses connected with the duct usually varies

from four or five to twenty ; it may be reduced to two or three, in very
small glands, or even to one, but this is rare. These glands are lodged in

the substance of the corium. Several may open into the same hair-follicle,

surrounding it on all sides, and their size is not regulated by the magni-
tude of the hair. Thus, some of the largest are connected with the fine

downy hairs on the alte of the nose and other parts of the face, and there

they often become unduly charged with pent-up secretion.

Development of tlie sebaceous glands.—The rudiments of the sebaceous

glands sprout like little buds from the sides of the hair-follicles ; they are at first,

in fact, excrescences of the external layer of the root-sheath (fig. 2.39), and are

composed entirely of similar cells. Each little process soon assumes a flask-

shape and in due time a group of cells containing fat particles appears in its

centre, and gradually extends itself along the axis of the pedicle until it pene-

Fig. 239. Fig. 239.

—

Development of a sebaceous
GLANI) IN A SIX MONTHS' F(ETUS. 250 DIAME-
TERS (KoUiker).

a, hair ; 5, inner root-sheath ; c, outer root-

sheath of hair-follicle ; d, rudiment of sebaceous

srland.

trates through the root-sheath, and the

fat-cells thus escape into the cavity of

the hair-follicle, and constitute the first

secretion of the sebaceous gland. They
are soon succeeded by others of the same
kind, and the little gland is established

in its ofiice. Additional saccules and re-

cesses, by which the originally simx^le cavity

of the gland is comi^licated, are formed

by budding out of its epithelium, as the first was produced from the epithelial

root-sheath, and are. excavated in a similar manner.

It would thus appear that the rudiments of the hair-follicles, sweat-glands,

and sebaceous glands, are all derived from the same soui'ce. They all originally

appear as solid bud-like excrescences of the soft Malpighian or mucous layer of

the ex^idermis. (for the outer stratum of the root-sheath must be regarded as

such) ; these grow down into the corium, in which recesses are formed to receive

them, and whicih, of course, yields the material required both for the production

of new cell-S for their further growth, and for the maintenance of their secreting

function.

Kecent Literature :—On the skin generally. /. Ne^imann, Verbreit. d. organ.

Miiskeln &c. Abg. AVien. Med. Zeitung, 1868 ; BiesiadecU, Article, "Skin " in Strieker's

Handbook, 1871 ; Tomsa, in Arch. f. Dermat. , 1873; LangcrJutns, Ue. Ta^tk. u. rete.

ilalp., Arch. f. inikr. Auat., 1873 ; Stirling, (cutis of dog) in Jonrn. of Anat. and Phys.,

1875; JJnna, Oberhant u. ihrer Anhangsg., Arch. f. mikr. Anat., 1876: Ecmy, in

Journ. de I'anat., 1878 ; lianvicr, in Gompt. rend., 1879.

On the hairs or nails especially. Pfaff, Das nienschliche Hanr. &c., 1866 ; Gottc, in

Arch. f. mikr. Anat., 1868 ; Dietl, in Wiener Sitzungsb., 1871-1873 ; Stieda, m Arch. f.
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jnikr. Anat. 1872, 1873 ; SchoU, in the same Journal (tactile hairs) ; Stnoart, On the scalp

of a negro, Monthly micr. Journal, 1873 ; Heynold, in Vivch. Arch., 1875, 1876 ; Schulin,

in Marb. Sitzungsb., 1876, and in Zeitschr. f. Anat. u. Entw., 1877 ; Einer, in "Wiener

Sitzungsb., 1876 ; Esoff, in Virch. Arch., 1877 ; Loeive, in Arch. f. mikr. Anat., 1878.

On the glands of the skin, Sap2xy, in Gaz. med., 1863; Ileijnold, in Virch. Arch.,

1874 ; Horschelmann, Dissert., Dorpat, 1875 ; Hesse, in Zeitschr. f. Anat. u. Entw.,

1876 ; Sangster, in the Quart. J. of micr. Sci., 1877 ; Ranvier, in Coraptes rend.,

JLXXXIX., 1879.
_

On the lymphatics, /. Neumann, "Zur Kenntn. d. Lymphg. d. Haut," Vienna, 1873 ;

Jloggan, in the Journ. de I'anat., 1879 ; Klein, in Quart. Journ. of micr. Sci., 1881

;

Key and Retzius, in Biologische Unters., Stockholm, 1881.

On the nerves of the skin, Langerhans, in Virch. Arch., 1868 ; Eberth, in Arch. f.

jnikr. Anat., VI., 1870 ; Paladmo, in Bull. d. assoc. d. natur. diNapoli, 1871 ; Merkel,

in Arch. f. mikr. Anat., XI. ; Amstein, in Wiener Sitzungsb., 1876 ; Bonnet, in Morph.
Jahrb. IV., 1878 (nerves of hair-follicles and lit.) ; Ranricr, in the Quart. J. of micr.

Sci., 1880 ; Moisisowicz, in Wiener Sitzungsb., LXXI., 1876.

ADDENDA.

A few additional remarks may here be made concerning some of the subjects

treated of in the preceding part on G-eneral Anatomy, chieiiy on account of

additional light having been thrown on them by researches which have been
published since the previous sheets were printed.

The structure and mode of division of the cell-nucleus.* It has been
shown that in addition to the evident network within the nucleus which was
previously described (p. 9, fig. 8), there frequently exists a far finer interlace-

ment of exquisitely delicate fibrils of nucleoplasm which occupy the meshes of

the coarse network, and except with the best immersion objectives, either remain
unseen, or their nodal points appear in the form of fine granules (as in fig. 10,

a, p. 12). It was the staining of this finest network which led to the notion that

the nuclear matrix itself in the resting cell is slightly stained by hematoxylin or

safranin (see p. 9), and therefore contains " chromatic " substance in solution
;

probably however this is not the case.f

A marked difference between the active and the resting nucleus consists in the

fact that in the former the nucleoplasmic fibres, at any one stage of division, are

of uniform size, while in the resting condition they show great irregularities, being

in some parts comparatively coarse and in others immeasurably fine. This differ-

ence is still further accentuated by the accumulation of the nucleoplasm in the

resting nucleus at one or more of the nodes of the network into irregular or rounded
clumps, the latter being the nucleoli. In a nucleus which is about to undergo
division and in new nuclei which have just been formed by division (fig 10, f£)

not only are the nucleoplasmic filaments uniform but there are no nodal clumps
or nucleoli ; so that the presence of the last named bodies may be said to be
characteristic of a resting condition of the nucleus. Indeed in the completely

inactive condition it may happen that the nucleoplasm becomes wholly col-

lected to form nuclear membrane and nucleolus, so that the network is either no
longer present or has become so highly attenuated as to be no longer discernible.

The longitudinal cleavage of the V-shaped fibres in the aster-phase (p. 1 3 and
fig. 10, g, li) is said by Retzius to occur constantly, so that in this way the

number of those filaments is doubled. It is not improbable that the two fibres

resulting from the cleavage pass into different daughter-nuclei, but it has not
been possible to trace this with sufficient clearness.

The very widely diffused occurrence of the phenomena of karyokinesis (it has

now been observed in almost every description of active cell in the animal body)

* Klein, Atlas of Histology ; Fleming, Beitrage, &c., No. Ill, in Arch. f. mikr. Anat.,

XX., 1881 ; Pfitzner, Beobachtungen, &c., in the same Journal; Retzius, Biologische

Untersuch., Stockholm, 1881.

+ According to Klein these fibrils of the nucleus are directly continuous with the proto-

plasmic intracellular reticulum ; but this is doubted by other observers, who describe the

nucleus as being sharply bounded from the surrounding protoplasm.

VOL. II. S
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has led most observers to the conclusion that it is an essential preliminary to
cell-division. Some however, still believe that in some cases, simple constriction

of the nucleus into two, or its budding into several, may suffice to produce divi-

sion, it being thought that the time occupied in the complex process of karyo-
kinesis is too long to permit of the active cell-multiplication which is known to
occur in certain cases. As a fact, however, the time occupied is not so long as
might be supposed :—in cold-blooded animals it has been found to take from

Fig, 240. Fig. 240.—A CILIATED EPiTHELirsi-CELL OF A MOLLusK (Engelmann),

one and a half to five hours ; in cells from a carcinoma in man
only half an hour (Fleming) ; and in cells of the interverte-

bral cartilage of the cat, examined in warm salt solution, the
process of karyokinesis was on one occasion observed by me
to proceed to the stage of the formation of the daughter-nuclei
(amphi-astral stage) in a few minutes (B. A. S.).

Lastly, Fleming has conclusively shown that in the dividing

fTJIftT nucleus of the plant-cell and in that of the animal ovum (see

'\l^t p. 14), the chromatic substance is also in the form of filaments,

although these are so small that they can only be made out by
the most improved objectives.

Ciliated Epithelium.—It has been shown by Engelmann *

that in large ciliated cells such as those which line the ali-

mentary canal of some mollusks, e. g. the mussel and oyster,

it is possible to make out that the highly refracting free border
of the cell to which the cilia are attached is in reality foimed
of a number of small juxtaposed fusiform or cylindrical knob»
(basal 2}icce^)- To each of these a cilium is attached on the
one side, and from the other end there passes towards the end
of the cell a fine, varicose filament ; these filaments are termed
by Engelmann the rootlets of the cilia. They approach one
another as they traverse the length of the cell, and may be
united towards the extremity into a single thread. They are

not connected with the nucleus. The cilia are attached to the
basal pieces of the cell, each one by a somewhat narrow, soft

portion or neck Qlntermediate segment of Engelmann). It ia

here that the cilia usually break off from the cell (see fig. 240).

Beyond the neck the cilium swells out into a small bulbous

enlargement, and from this the shaft tapers gradually to its

extremity. The rootlets, as well as the cilia themselves, are

said by Engelmann to be double refracting, whereas the basal

piece is isotropous. A similar structure, although less distinct, is also to be made
out in ciliated cells from the higher animals (frog and rabbit).

Striated muscular fibre.—There is good reason to believe from its chemical

reactions that the sarcolemma is of the nature of connective tissue, and not a cell-

membrane as has generally been thought.f The intimate natui-e of its union with

the tendon-bundle (see fig. 127, p. 130) would seem to point to the same conclusion.

The ending- of sensory nerves.—Many of the nerve-fibres of those parts of

the skin which are especially endowed with tactile sensibility, penetrate into the

epithelium and terminate after branching a number of times, in expansions of

the axis-cylinder {tactile menisci) which are applied to certain cells of the deeper

layers of the epidermis. These cells are apparently those described as tactile cells

by Merkel (see p. 137), but according to Ranvier | there is no actual connection

of the nerve-fibre with the cell.

* Pfluger's Archiv. XXIII., 1880.

+ Froriep, in the Arch. f. Anat., 1878. See also on the subject of striated muscle a
paper by Merhel (in the Arch. f. mikr. Anat., XIX., 1881), who somewhat modifies the

view be had before taken (see p. 128), and another by Retzius (Biol. Unters. , 1881), who
describes the appearances of the muscle of Dytiscus much in the same manner as was
done by me (Phil. Trans., 1873), but gives a different interpretation of them (E.A.S.).

X Nouvelles recherches s. 1. corp. dii tact, Comptes rendus, 1880 ; and Traite technique,

eixieme fascicule, 1882.
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SPLANCHNOLOGY.

THE CEEEBRO-SPINAL AXIS.

The cere'bro-sjn'ncd axis is divided by anatomists into the dram or

enceplialon, the enlarged upper mass placed within the cranium, and the

sjnnal cord contained within the vertebral canal. It is symmetrical in

its form and structure throughout, consisting of a right and a left half,

separated to a certain extent by longitudinal fissures, but united by
various portions of white and grey nervous substance which cross from
one side to the other, and form the commissures of the brain and spinal

cord.

The cerebro-spinal axis is surrounded "within the skull and vertebral

canal by three connective tissue membranes, between which are spaces

occupied by a clear fluid similar in its general nature to lymph (cerebro-

spinal fluid). These envelopes, which will be described hereafter, are,

1st, a firm fibrous membrane named the dura mater, which is placed most
superficially ; 2nd, a delicate membrane called the arachnoid ; and, 3rd,

a highly vascular membrane named the pia mater, which is next to,

and closely invests the surface of the brain and cord.

SPIWAL CORD.

The spinal cord, or spinal marrow (medulla spinalis), is that part

of the cerebro-spinal axis which is situated within the vertebral canal.

It is about 18 inches (45 centim.) long, and extends from the margin of

the foramen magnum of the occipital bone to about the lower part of

the body of the first lumbar vertebra. Above, it is continued into the

medulla oblongata ; below, it tapers conically and ends in a slender

filament, the /Hum terminale or central ligament of the spinal cord.

Although, the cord usually ends near the lower border of the body of the first

lumbar vertebra, its termination is sometimes a little above or below that point, as

opposite to the last dorsal or to the second lumbar vertebra. The position of the

lower end of the cord also varies according to the state of curvature of the verte-

bral column, in the flexion forwards of which the end of the cord is slightly

raised. In the foetus, at an early period, the embryonic cord occupies the whole
length of the vertebral canal ; but, after the third month, the canal and the
roots of the lumbar and sacral nerves begin to grow more rapidly than the cord
itself, so that at birth the lower end reaches only to the third limibar vertebra.

The cord is enclosed in the vertebral canal within a sheath (theca,

figs. 241, 244) considerably longer and larger than itself, formed by the
dura mater, and saparated from the walls of the canal by venous plexuses,

s 2
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and much loose areolar tissue. The cavity of the theca between the pia

mater and the dura mater is occupied by cerebro-spinal fluid, and is

divided by the curtain-like arachnoid into the two spaces, subdural and
subarachnoid, above mentioned. Within the latter the cord, covered

Fis;. 241.

Fig. 241.

—

Sections showing the generaii relations of the spinal coed to the

INCLOSING theca, AND OF THIS TO THE VKKTEBRAL CANAL (Key and Eetzius).

A, through the fifth cervical vertebra ; B, through the tenth dorsal vertebra ; C,

through the first lumbar vertebra and the foramen of exit of the twelfth dorsal nerve-

roots ; J), through the disk between the second and third lumbar vertebrte ; E, throiigh

the first sacral vertebra. In A, B, and C, the cord, covered by pia mater, is seen in the

centre, with the ligamentum denticulatum attached to it on either side ; the nerve-roots on
either side form small groups which, since they pass obliquely downwards to their foramina

of exit, are cut across ; the dura matral sheath is separated by a considerable space

from the cord, and by a quantity of loose areolar and fatty tissue from the wall of the

vertebral canal. This tissue is in smaller amount in C. D and E are below the termi-

nation of the cord, and show sections of the nerve-bundles of the cauda equina within the

theca, which is very large in D, but comparatively small in E, the vertebral canal in the

latter being largely occupied by adipose tissue. In this are seen the sections of two
large veins. The arachnoid is not represented in any of these sections.

closely by pia mater, is suspended, being kept in position by a ligament

on each side (ligamentum denticulatum), which fixes it at frequent

intervals to its sheath, and by the roots of the spinal nerves which pass

across the space from the surface of the cord towards the intervertebral

foramina.

The uppermost nerve-roots cross the space nearly horizontally
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(fig. 244 a), but the rest below

the first one or two pass across

^nth a more and more oblique

downward inclination until their

direction is almost vertical (fig.

244 b), and indeed the lower

part of the theca below the

termination of the cord (fig.

241, D, e), is occupied by the

descending roots of the lumbar

and sacral nerves, passing to the

foramina between the correspond-

ing vertebrae. The mass of nerve-

roots, which conceals the delicate

filum terminale, is named the

cmida equina (fig. 244 c).

Fig. 242.

—

View op the ceeebeo-svinal

AXIS (after Bourgery). ^

The right half of the cranium and
trunk of the body has been removed by
a vertical section ; the membranes of the

right side of the brain and spinal cord

have been cleared away, and the roots

and first part of the fifth and ninth

cranial nerves, and of all the si^inal

nerves of the right side, have been dis-

sected out and laid separately on the

wall of the skull and on the several

vertebrte opposite to the place of their

natural exit from the cranio-spinal

cavity.

F, T, 0, cerebrum ; C, cerebellum ; P,

pons Varolii ; on o, medulla oblongata
;

m s, m s, point to the upper and lower

extremities of the spinal marrow ; c e,

on the last lumbar vertebral spine, marks
the Cauda equina ; v, the three i^rincipal

branches of the nei-vus trigeminus ; C i,

the sub-occipital or first cervical nerve
;

C VIII, the eighth or lowest cervical

nerve ; D i, the first dorsal nerve ; D xir,

the last dorsal ; L i, the first lumbar
nerve ; L v, the last lumbar ; S i, the

first sacral nerve ; S v, the fifth ; Co i,

the coccygeal nerve ; s, the left sacral

plexus. *

* The relation between the bodies and
spines of the vertebrae and the places of

attachment of the nerve-roots to the
cord is also illustrated by this figure.

For more detailed infoi-mation on this

point the reader may consult Gowers
'

' The Diagnosis of Diseases of the Spinal
Cord," 1880.

Fig. 242,
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Fig. 243.
^

F

0'\

Fig. 243.

—

Anterior and posterior views op
THE MEDULLA OBLONGATA AND SPINAL CORl)

M'lTH SECTIONS (Allen Thomson). ^

The cord has been divested of its membranes
and of the roots of the nerves. A is an anterior,

B a posterior view. In these figures the filiform

prolongation, represented separately in B', has

been removed ; C shows a transverse section

through the middle of the medulla oblongata ;

D, a section through the middle of the cervical

enlargement of the cord ; E, through the upper
dorsal region ; F, through the lower ; G, through
the middle of the lumbar enlargement ; and H,
near the lower end of the conus medullaris.

1 to 6 refer to parts of the medulla oblongata
;

the remaining numbers to parts of the spinal

cord.

] ,
pyramids ; 1', their decussation ; 2, olivary

bodies ; 3, lateral columns ; 4, posterior surface

of the medulla oblongata ;
4', calamus scripto-

rius ; 5, funiculus gracilis ; 6, posterior lateral

columns passing to the side ; 7, 7, anterior

median fissure of the spinal cord ; 8, 8, antero-

lateral impression corresponding to the attach-

ments of the anterior nerve roots ; 9, 9, poste-

rior median fissure ; 10, 10, postero-lateral

groove ; x , tapering extremity of the cord ;

X , X , in B', filum terminale.

In section the cord is nearly cir-

cular, especially in the dorsal region,

but it is somewhat flattened before

and behind. In the dorsal region, it

measures about ten millimeters from
side to side, and about eight from
before back. The cord is not, how-
evei', of uniform diameter throughout,

but is swoUen out in the cervical and
lower dorsal regions, two enlargements

being thereby produced—an upper or

cervical, and a lower or lumbar (fig.

243). Of these the cervical enlarge-

ment is of greater size and extent

than the lumbar. It extends from
the upper limit of the cord to the

first or second dorsal vertebra ; it is

largest opposite the fifth or sixth

cervical vertebra, where it measures

from 13 to 14 mm. from side to side.

The lower or lumbar enlargement

begins at the tenth dorsal vertebra,

is largest opposite the twelfth dorsal

(11— 13 mm. across), and from this

point becomes gradually smaller ; its

antero-posterior diameter is more nearly

equal to the transverse than is the case

in the cervical eularc-ement. Below
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the lumbar enlargement the cord tapers in the form of a cone (conns

meduUaris), from the apex of which the small filiform prolongation is

continued downwards.

The cervical and lumbar enlarg-ements liave an evident relation to the large

size of the nerves which supply the upper and lower limbs, and which are con-
nected mth those regions of the cord. At the commencement of its development
in the embryo, the spinal cord is destitute of these enlargements, which, in their first

appearance and subsequent progress, correspond with the gro-wth of the limbs.

Vig. 244.—POSTERIOE VIEW OP THE MEDULLA OBLONGATA AND OP THE SPINAL COKD WITII

ITS COVERINGS AND THE ROOTS OF THE NERVES (Sappey). J

The theca or dura-matral sheath has been opened by a median incision along the whole
length, and is stretched out to each side. On the left side, in the upper and middle parts

{A and B), the posterior roots of the nerves have been removed so as to expose the liga-

mentum denticulatum, 9, and the anterior roots, 13 ; and along the right side the pos-

terior roots, 10, are shown arising from the postero-lateral groove, and passing out through
the dura mater. The roman numbers indicate the different nerves in the cervical, dorsal,

lumbar, and sacral regions respectively ; 11, posterior median fissure ; 12, ganglia on
the posterior roots : 14, the united nerve beyond the ganghon ; 15, tapering lower end
of the .spinal cord ; 16, filum terminale ; 17, cauda equina.

The terminal filament (filum terminale, central ligament) (fig,

245, h, h) descends in the middle line amongst the nerves composing the

Cauda equina, £^nd, becoming blended with the lower end of the sheath

opposite to the first or second sacral vertebra, perforates the dura mater.
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and receiving an investment from it, passes on to be attached with this
to the periosteum of the lower end of the sacral canal, or to the back of

Fig, 245. Fig. 245.

—

Posterior view of the lower end of
THE SPINAL CORD WITH THE CAUDA EQUINA AND
SHEATH (Allen Thomson). ~

The sheath has been opened from behind and stretched

towards the sides ; on the left side all the roots of the
nerves are entire ; on the right side both roots of the

first and second lumbar nerves are entire, while the

rest have been divided close to the place of their pas-

sage through the sheath. The bones of the coccyx are

sketched in their natural relative position to show the
place of the filura terminale and the lowest nerves.

a, placed on the posterior median fissure at the

middle of the lumbar enlargement of the cord ; b, b,

the terminal filament, drawn slightly aside by a hook
at its middle, and descending within the dura-matral

II35II-J' ^11/ I i'||/<il8Sl\M''l
^^'^ sheath; b', b', its prolongation beyond the sheath and

upon the back of the coccygeal bones ; c, the dura-

matral sheath ; d, double foramina in this for the sepa-

rate passage of the anterior and posterior roots of each

of the nerves ; e, ligamentum denliculatum ; Dx, and
Dxii, the tenth and twelfth dorsal nerves ; Li, and Lv,

the first and fifth lumbar nerves ; Si, and Sv, the first

and fifth sacral nerves ; Ci, the coccygeal nerve.

the coccyx. It is a prolongation of the pia

mater, enclosing for about half its length an

enlarged continuation of the central canal of

the cord (see below, p. 268), with a little grey-

matter near the upper end. Below the ter-

mination of the canal, the filum is mainly

,g^ composed of connective tissue, with blood-

vessels prolonged from the anterior spinal

vessels, and on either side there run in ifc

three or four small bundles of medullated

nerve-fibres, some of which have a few gang-

lion-cells. These nerve-bundles are regarded

by Eauber as representing rudimentary coccy-

geal nerve-roots. They have no connection

with the coccygeal nerves proper.

The filum terminale is distinguished by
its silvery hue fr'om the nerves among which

it lies.

Fissiires.—The spinal cord is incom-

pletely divided into a right and a left half

by two fissures which pass in from the middle

of the anterior and posterior surfaces, and

-ci penetrate through the greater part of its

thickness. Of these two median fissures the

anterior (fig. 246, 1) is wider and therefore

more distinct than the posterior, although it

does not, in most parts, penetrate to more than one-third the thickness

of the cord, while the posterior fissure may reach more than half-way

from back to front. The anterior contains a fold of the pia mater and

S\j

CI-
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also many blood-vessels, wliicli are thus conducted to the centre of the

cord. At the bottom of this fissure is a transverse connecting portion

of white substance named the anierior or ivMte commissure.

The posterior (fig. 24 G, 2) is not an actual fissure, for, although the

lateral halves of the posterior part of the cord are quite separate, there-

is no distinct fold of the pia mater between them, but merely a septum
of connective tissue and blood-vessels prolonged from that membrane
which passes in nearly to the centre of the cord. Its position is marked,
especially in the lumbar enlargement and in the cervical region, by a

superficial furrow. At its end is the posterior or grey commissure.

Besides these two median fissures, a lateral fniTow is seen on each

Fig, 2i6. — DiFFERE]ST Fig. 246.

VIEWS OF A PORTION OF

THE SPINAL CORD FROM
THE CERVICAL REGION
WITH THE ROOTS OP

THE NERVES. Slightly-

enlarged (Allen Thom-
son).

In A, the anterior sur-

face of the specimen is

shown, the anterior nerve-

root of the right side

having been divided ; in

B, a view of the right side

is given ; in C, the upper
surface is shown ; in D,

the nerve-roots and gan-

glion are shown from
below, 1, the anterior

median fissure ; 2, pos-

terior median fissure ; 3,

antero-lateral impression,

over which the bundles of

the anterior nerve-root are

seen to spread (this im-

pression is too distinct

in the figure) ; 4, postero-

lateral groove into which
the bundles of the pos-

terior root are seen to sink ; 5, anterior root ; 5', in A, the anterior root divided and
turned upwards ; 6, the posterior root, the fibres of which pass into the ganglion, 6'

;

7, the united or compound nerve ; 7', the posterior primary branch, seen in A and D to

be derived in part from the anterior and in part from the posterior root.

side of the cord, corresponding with the line of attachment of the pos-

terior roots of the spinal nerves. It is named the postero-lateral groove

(fig. 246, C, 4). Each lateral half of the cord is divided superficially by
the postero-lateral groove into a posterior and an antero-lateral part.

The attachment of the anterior roots, however, subdivides the latter into

anterior and lateral portions.

An antero-lateral groove is often described in the line of orig-in of the ante-

rior roots of the nerves, but has no real existence. The fibres of these roots

in fact, unlilie the posterior, do not dip into the spinal cord in one narrow line,

but spread over a space of some breadth.

On the posterior surface of the cord, at least in the upper part, there
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are two slightly marked longitudinal furrows (fig. 243, 9, 9) situated one
on each side, about one millimeter from the posterior median fissure,

and marking off, in the cervical region, a slender tract (jDostgnor
median column). These are better marked in some individuals than in
othersT

"^

INTERNAL STRUCTURE OP THE SPINAL CORD: RELATIVE PROPORTIONS
OF GREY AND "WHITE MATTER.

Grey matter.—When the spinal cord is cut across (figs. 247, 248)
it is seen that the grey matter occupies the more central parts, being
almost completely enclosed by the Avhite matter. The grey matter
appears in the form of two irregularly crescentic portions on either
side, united across the middle line by the posterior grey commissure
before mentioned, so that its section may be compared in shape to the
letter H. The concave side of each lateral crescent faces outwards,
and in consequence of the depth of the posterior median fissure

the commissure of grey matter joins the crescents nearer their
anterior than their posterior ends, except in the lumbar region of the
cord.

_
The two horns or cornua of each crescent are named from their posi-

tion anterior and posterior: the anterior cornu (fig. 247, a. c) is the

Fig. 247.

—

Section of the spinal cord in
THE UPPER PAKT OP THE DORSAL REUIO.V

(E. A. S.). f

«, anterior median fissure
; p, posterior median

fissure
; p. n, ]posterior nerve-roots entering at

the postero-lateral groove ; a. c, anterior comu
of grey matter ; p. c, posterior cornu ; i, inter-

medio-lateral tract (lateral cornu)
;

j^x r, pro-

cessus reticularis ; c, posterior vesicular column
of Clarke ; s, pia-matral septum forming the
lateral boundary of the posterior median column.

shorter and broader, and is everywhere separated from the surface of the

cord by white matter which is traversed by the bundles of the anterior

roots at the part where these enter the cord. The ^josferior comu
(p. c) is, longer and narrower, and tajDers almost to a point (cfpe.v cornu

posterioris), which closely approaches the external surface of the cord at

the postero-lateral sulcus, with which it is connected by fibres of the

iwsterior roots (jj. n ), and between these by processes of the superficial

neurogha. The posterior cornu is slightly narrowed at its base {cervix

cormi) ; from that place it gradually expands into the main part of the

cornu {caput cornu), and from this it tapers in the way just noticed.

Near its tip the caput cornu has a peculiar semi-transparent aspect,

whence it was named substantia gelatinosa by Eolando.

Near the middle of the outer sm-face of each crescent the grey matter
is less sharply marked off than elsewhere from the white matter

;
portions

of grey matter extending into the lateral Avhite column and uniting with

one another into what in sections appears like a network enclosing por-

tions of white substance {p. r). This is known as the processus

reticularis ; it is best marked in the cervical region (fig. 248, C5). At
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the postero-lateral part of the anterior cornu, immediately in front of

the processus reticularis, the grey matter forms in the iq^per dorsal

region (D 1) a somewhat pointed triangular projection, which is some-
times distinguished as the middle cornu but is better known as the

intermedio-Iatercd tract (fig. 247, i). Above, in the cervical region, this

Fig. 243.

J "f

Fig. 248.— Teaksveese sections of spinal cord at dipfeeent heighis (W. 11. Gowers).

Twice the natural size.

The letters and numbers indicate the position of each section : Co. at level of coccygeal

nerve ; Sac. 4 of 4th sacral ; L3 of 3rd lumbar, and so on. The gi-ey substance is

shaded dai-k, and the nerve-cells within it are indicated by dots.

blends with and forms part of the enlarged anterior cornu ; below, it

gradually diminishes and eventually disappears.

The grey crescents vary in form in different parts of the cord (see

fig. 248). In the dorsal region both anterior and posterior cornua are

narrow. In the cervical and lumbar regions the anterior coruua are
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large and broad. The posterior cornna are narrow in the cervical and
dorsal, but very broad in the lumbar region. The grey matter is seen

in a series of sections to be most abundant in the lumbar region of

the cord, and least in the dorsal.

It is clear that what appear in section as irregnlar crescentic areas of grey
matter are in reality long iiTegularly iiuted columns, and that the commissural
band uniting the convex edge of the crescents is a flattened expansion, connect-

ing the columns along their whole length. But it is both customary and con-
venient to speak of the various parts of the grey matter of the cord according to

their appearance in sections, although the term " columns " is very generally
applied to what appear in section as groups of nerve-cells, occuning in different

parts of the grey matter, as well as to the several portions of ths white matter
immediately to be described.

Fig. 249. Fig. 249.— Section of lower extremity of spinal cord. MAaNiFiED
ABOUT six TIMES.

The i^eculiar form of the lower extremity of the central canal is

seen.

Centeal canal.—Extending through the "whole length of the spinal

cord, in the substance of the grey commissure, there^is a minute canal (fig.

247) which, in sections of the cord, is barely visible, as a speck, with

the naked eye. It is continued above into the medulla oblongata where

it gradually approaches the posterior surface and eventually opens out at

the calamus scriptorius of the fourth ventricle. At the lower end of the

cord, near the extremity of the conns medullaris, it becomes enlarged, and
shaped like the letter "7", and is stated by some observers to open on the

posterior surface of the cord ; but this is denied by others. This central

canal, though minute, is an object of considerable interest as a typical

part of the structure of the cord, it being the permanent remains of the

ectodermal canal from which the spinal cord is developed. It is more
distinctly seen in the lower vertebrata than in mammals.
White matter.—The white substance of each half of the cord com-

pletely encloses the grey matter except opposite the posterior cornu.

This last therefore serves to separate oft" a smaller j^osierior white column,

which is somewhat wedge-shaped in section and is bounded internally

by the posterior median fissure, from the rest • of the white substance

which forms a large antero-Jateral white column {^g^. 246 to 248). The
antero-lateral column is sometimes arbitrarily divided into anterior

and lateral white columns, the place of passage of the bundles of the

anterior nerve-roots being taken as the limit between the two ; but since

these are scattered over a considerable part of the transverse section it

is clear that the limit cannot be distinctly fixed.

The white substance is traversed by imperfect septa of connective

tissue prolonged inwards from the pia mater. Most of these are irregular

and somewhat variable in position, with the exception of one in the

cervical region extending inwards towards the grey commissure from
the sulcus before described as bounding the posterior median column.

This septum (fig. 247, s) cuts off a small portion of the posterior colmnn
next to the posterior median fissure, corresponding to the projection of

the posterior median column on the outside.

The lateral symmetry of the spinal cord is not always perfect. The
white columns especially are sometimes found slightly to vary, the varia-
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tion being generally caused by the fact that the amount of the pyramidal

tracts of white matter differs somewhat on the two sides of the cord (see

below, p. 278).

The white matter of the cord, especially that of the lateral column,

increases gradually in amount from below upwards, receiving a con-

siderable accession opposite the roots of the larger nerves which supply

the limbs. This more sudden increase in the amount of white matter is

most marked in the anterior and posterior columns. These relations are

strikingly shown in the appended curves (fig. 250) which have been

Fig. 250.

r\ rvniTT J \i\'^mnTAiixrY7xv!avn\^\rjsrjirjrJ'iin:vii\7iv-ivjuii i

Sftcrc! Lujiihar Dorsnl '

'

"" Crrvfcal

Pig. 250.

—

Diagram showing both the absoltttb and kelative extent op the GREr
MATTER AND OF THE WHITE COLUMNS IN SUCCESSIVE SECTIONAL AREAS OF THE SPINAL
CORD, AS WELL AS THE SECTIONAL AREAS OP THE SEVERAL ENTERING NERVE-BOOTS
(adapted from Ludwig and Woroschiloff ). (E. A. S.)

Tlie sectional areas of tlie several entering nerve-roots (ji.r) as well as tlie extent of

the grey matter {gr), and of the lateral, posterior, and anterior columns of white
matter (Z. c, p. c, and a. c. ), are represented in superposed curves, the common
abscissa of which [abs.) is intersected at equal intervals by as many ordinates as there

are pairs of spinal neiwes. In the ordinates each millimeter above the abscissa represents

about one square centimeter of sectional area.

constructed by Ludwig and Woroschiloff from measurements by Stilling.

The amount of the grey matter in the different regions is also given, as

well as the sectional areas of the roots of the spinal nerves. It is seen

that opposite to the origins of the large nerves there is a marked increase

in the amount of grey matter.

The anterior or white commissure is likewise proportional in size to

the entering nerve-roots.

MICROSCOPIC STRUCTURE OF THE SPINAL CORD.

The white substance of the spinal cord is almost wholly composed of

longitudinally coursing medullated nerve-fibres, Avhich in stained trans-

verse sections of the cord (fig. 251) appear as clear rings with a stained

dot—the section of the axis-cylinder—either in the middle of the ring or

shifted somewhat to one side. The fibres vary much in size, and in many
parts of the section larger and smaller fibres are intermixed, but some
parts are characterized by containing many large fibres, others for the
most part small fibres. The largest fibres are in the posterior part of

the lateral column, the smallest in the part of the lateral column in the

neighbourhood of the processus reticularis, but the fibres of the
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posterior mediaa column are also very small. The white columns are

imperfectly divided into secondary columns by incomplete septa of

fibrillar connective tissue which are prolonged inwards from the inner
layer of the pia mater, and convey bloodvessels to the interior of the
cord.

Fiff. 251.

Fig. 251. A SMALL PORTION OP A TRANSVERSE SECTION OF THE HUMAN SPINAL CORD.

Highly magnified. (E. A. S.

)

a, a, superficial neuroglia ; h, h, transvei'se section of part of tlie lateral column of the

cord in which the dark points are the axis-cylinders, and the clear areas the medullary

substance of the nerve-fibres : the superficial neuroglia is seen to exliibit the appearance

of a fine network in which numerous nuclei and one or two corpora amylacea (c. a) are

embedded, and to extend inwards among the nerve-fibres.

Immediately beneath the pia mater and closely investing the cord

externally is a layer of what in the fresh condition appears a homo-
geneous or finely granular substance with nuclei embedded in it here and
there. In sections of the cord hardened in alcohol or chromic acid, the

substance in question is finely reticulated (fig. 251, a, a). The layer which

it forms is very thin over some parts of the surface but comparatively

thick in others, and where the pia-matral septa pass into the cord, it

accompanies and invests them and their ramifications in the white sub-

stance, passing with them between the irregular bundles of nerve-fibres,

Xot only does this subpial reticular substance accompany the prolonga-

tions of the fibrillar tissue and largely assist in forming the incomplete

septa above mentioned, but it extends independently amongst the

individual nerve-fibres, occupying the interstices between them, and
serving as a uniting medium in which they are embedded. Hence it

was named by Yirchow the nPAiroglia. The nuclei in it belong for the

most part to sinall cells (neuroglia-cells) which occur in considerable

numbers in some parts of the tissue ; but others to more conspicuous

cells, knoAvn as the cells of Deiters, which are stellate in section and
are found here and there in the larger interstices between the nerve-

fibres. Along the line of origin of the posterior roots the superficial

neuroglia is prolonged into the cornu of grey matter, and expands in

it to form the substantia gelatinosa of Eolando. This, as before

mentioned, presents a transparent jelly-like appearance in the fresh con-

dition, but in sections of the hardened cord it is finely reticular.
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containing nmnerous neuroglia-cells, and a few bloodvessels. Some of

the bundles of nerve-fibres of the posterior root traverse this substance,

and it contains, especially near the cornu proper and the posterior

white column, a few small scattered nerve-cells ; bat on the whole
there are fewer true nervous elements in it than in any other part of

the cord.

In the constitution of the rest of the cornua the neuroglia takes part

to a far less extent than in the substantia gelatinosa. It is true that it

is prolonged both from this and from the white substance into the grey
matter, and pervades the latter throughout in every part. But it is

largely obscured in this situation by the proper nervous elements, which
ia the grey substance are of three kinds. In the first place are found
multipolar nerve-cells, mostly of large size, scattered singly or occurring
in gTOups throughout the grey substance. Secondly, in connection mth
these and especially accumulated around the cells and cell-groups, is an
interlacement of the finest nerve-fibrils, which is derived according to

Gerlach from the ramification of the nerve-cells, and may be the medium
of communication between the several cells of a group or even between
separate cells and groups. Thirdly, occupying a considerable portion of

the grey matter, are nerve-fibres, mostly of the medullated kind, and the

axis-cylinder processes of the nerve-ceUs ; these traverse the grey matter
in difierent directions, coursing for the most part in bundles which inter-

cross with one another, and confer on the grey matter a spongy appear-

ance. Hence it is sometimes known as the substantia spongiosa.

The neuroglia is generally assumed to be a modified fonn of connective tissue.

Kiiline and Ewald find, lio-wever, that the tissue composing the substantia

gelatinosa of Rolando (and probably the neuroglia-tissue generally) is similar in

chemical nature to the network described by them in the medullated sheath of
the nerves, and named " neuro-keratin " from its apparent nature and the resist-

ance which it offers to the action of digestive fluids (see p. 144). But this resisting

power appears to be conferred upon the tissue by the action of alcohol, for in the
fresh state it is quite soft, and easily dissolved by the fluids in question. So that

the argument in favour of its ectodermal origin which is sometimes drawn from
the supposed chemical constitution of the substance, is not sufficiently strong to

negative the view, originally taught by Kolliker, that the neuroglia (or o'eticuliim

as he termed it) is a peculiar form of connective tissue (allied to retiform tissue)

derived, together with the connective tissue septa which it accompanies, by
ingrowth from the mesodeiTu surrounding the embryonic central nervous system.

The presence of the neuroglia-cells in it, which resemble in general appearance
small connective tissue cells, is in favour of KoUiker's view.-

Small concentrically striated globules, termed corpora amylacca, are very fre-

quently met with in the neuroglia of the cord, as well as in many of the parts of

the central nervous axis. They appear to be composed of proteid substance but,

although long recognized, their mode of formation and their meaning are stUl

entirely unknown.

Arrangement of the nerve-cells in the grey matter. In trans-

verse sections of the cord it is seen that the nerve-cells are not by any
means equally distributed throughout the grey substance, but are arranged

in definite groups, which occupy the same relative position in successive

sections. The groups are therefore the sections of longitudinal tracts of

grey matter rich in nerve-cells, and named the gaoiglionic, or vesicular

columns of the grey matter. The longitudinal continuity of the groups
can be seen in sections of the cord made parallel with its long axis and
passing through the part of the grey matter where the groups occur.



272 THE SPIXAL CORD.

Of these groups or columnar tracts of nerve-cells, the one which is
most constant and contains the largest cells is found along the whole of
the anterior part of the anterior cornu where the nerve-cells lie amono*
the entering fibres of the anterior roots. There seems to be little doubt
that many of these anterior or motor nerve-fibres are directly continuous
wdth the axis-cylinder processes of some of the nerve-cells of this group.

Fig- 252. Fig. 252. — Transverse
SECTION OF HALF THK
SPINAL MARROW IN THE
LUMBAR ENLARGEMENT
(Allea Thomson), f

This is a seniidiagram-

raatic representation taken
from a specimen, and
founded in part on the
statements of Lockhart
Clarke and of Kolliker.

1, anterior median fis-

sure ; 2, posterior median
lissure ; 3, central canal

lined witli epithelium ; 4,

posterior commissure ; 5,

anterior commissure ; 6,

posterior column
; 7, la-

teral column ; 8, anterior

column ; 9, fasciculus of

posterior nerve-root enter-

ing in one bundle, a part

of which passes into the
posterior cornu, and a part
into the posterior column

;

10, fasciculi of anterior

roots ; a, a, caput cornu
posterioris with the gelati-

nous substance of Rolando

;

b, the cervix cornu ; c, pos-

terior vesicular column of

Clarke ; to the rigljt of d,

the group of cells in the

intermedio -lateral tract;

e, e, fibres of the anterior roots, entering the anterior cornu, and passing through among
-the cells ; e', fibres from the anterior roots which decussate in the anterior commissure

;

e", external fibres from the roots running round the outside of the anterior grey cornu
-towards the lateral columns

; /, fibres from the posterior commissure and from the pos-

terior cornu running towards the anterior. Three groups of cells are seen in the anterior

cornu in this region of the cord ; and from their position may be described as external,

internal, and posterior.

Hence it is sometimes named the motor ganglionic column, but it is more
generally known as the ganglionic or vesicular column of the anterior cornu.

Its cells are in some parts collected into two groups, a lateral nearer

the lateral column of white matter, and a mesial nearer the anterior

column ; in the lumbar enlargement there is a third, more deeply seated,

posterior group (fig. 252). Some of the cells which are nearer the

anterior commissure send their axis-cylinder processes through this to

the other half of the cord : it is believed that these processes may be
connected with nerve-fibres of the corresponding anterior root of the

other side.
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In some of the lower vertebrates it may be made out that there are variations

in the size of this column of cells in successive portions of the cord, the cells being

more numerous opposite the points of entrance of the nei've-roots, the at-

tachment of which to the cord is in them more localized than in man and

higher vertebrates. In this way somewhat of a segmental formation of the column

is radicated, and in. some fishes and reptiles the enlargement of the group of cells

and its enclosing grey matter is sufficiently marked to produce an external swell-

ing opposite each nerve-pair.

Fig. 253.—A SMALL POR- Fig. 253.

TION OF A TEANSVERSi:

SECTION OP THE SPINAL

CORD AT THE PLACE

WHERE TWO BUNDLES OP

THE FIBRES OF THE AN-

TERIOR KOOTS PASS INTO

THE GREY SUBSTANCE.

(Allen Thomson.
) 5^5

a, a, two bundles of

fibres of the anterior root

passing through the white

substance of the cord, d,

d', b, b, fibres running

backwards through the

grey substance towards

the posterior cornua ; c,

c', others spreading in the

anterior cornua, on the one

side towards the anterior

comraissure, and on the

other round the outer side

of the anterior cornu

;

e, e, large multipolar cells in the grey substance of the anterior cornu ; the communication
between these cells and some of the nerve-fibres of the roots is not sho^vn in the figure.

A second veiy well marked group or column of cells, which occupies

in transverse section an area at the inner or mesial angle of the base of

the posterior cornu (fig. 252, e), and appears cut off from the rest of the

grey matter by a curved bundle of fibres derived from the posterior root,

extends along the middle region of the cord from the third lumbar to the

seventh cervical nerve. This was termed by Lockhart Clarke the 2^osterior

vesicular column ; it is often known as ClarMs column. It is largest

in the lower part of the dorsal region. From the fact that it is almost

entirely confined to that region of the cord it was termed by Stilling the

dorsal nucleus. But although ceasing above and below the points men-
tioned, it is not altogether unrepresented in other parts, for groups of

cells are found in a similar situation opposite the origin of the second

and third sacral nerves (sacral nucleus of Stilling) and opposite the origin

of the third and fourth cervical nerves (cervical nucleus) ; and elsewhere

there are scattered cells in the same part of the section of the cord. The
ceUs of this column are of moderate size, and their axis-cylinder pro-

cesses tend for the most part towards the lateral column. It is note-

worthy that Clarke's column is best developed in the region of the cord

where the column of the anterior cornu is least so.

A third column of cells lies in the intermedio-lateral tract (column of
the intermediolaleral tract, fig. 252, d ). Like that tract, the ganglionic

column it contains only appears as a distinct formation in the dorsal

region ; in other parts it blends more or less with the column of the
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anterior cornu. Its cells, although large, are on the whole smaller than
those of the anterior cornu. In the upper part of the cervical region a

group of cells becomes distinct in a similar situation, and is traversed

by the roots of the spinal accessory nerve.

The above are the chief groups or columns of cells which are distin-

guishable in transverse section, and of them the column of the anterior

cornu is the only one which can be described as extending along the

whole length of the cord. But in addition to the groups, a certain

number of scattered cells are met with, distributed tlu'ough the posterior

Vis. 254.

Fig. 254.—LoNGITUDINAIi SECTION OF THE CORD THROUGH THE ANTERIOR TVHITE COM-
MISSURE AND ANTERIOR GREY CORNU. DoRSAL REGION. (Heille). '^^

Only the left half of the section is represented.

Ca, anterior commissure with fibres passing into it through the anterior cohimn from
the grey matter, and decussating with those of the other side ; //f , anterio white column

;

Cffa, anterior cornu of the grey matter ; many of the multipolar cells are extended in a
longitudinal direction ; Fl, lateral column, into which fibres are seen passing from the
grey cornu and turning upwards in a longitudinal direction.

cornu, and extending into the substantia gelatinosa of Eolando. These
cells vary much in form and size, but are for the most part spindle-shaped

and smaller than those previously mentioned. It is not known whether
they have any special relation to the fibres of the posterior roots,

although in the lamprey it has been sho"RTi by Freud that cells which
appear to correspond with them send their axis-cylinders into those roots.

Commissures.—The anterior commissure {fig. 254, Ga) consists of me-
dullated nerve-fibres which pass on each side, some into the anterior white
column, others into the anterior horn of grey matter. Their course is not
strictly transverse, many fibres which enter the anterior part of the com-
missure at one side leave it at the posterior portion on the other side.

There is thus a double decussation at the middle line (fig. 252, 5). This
decussation is most distinctly seen in the comparatively short and wide
commissure of the lumbar region, and in the upper part of the cervical

region. In the latter situation it appears as a continuation of the decus-

sation of the anterior pyramids of the medulla oblongata, to be after-

wards described. In addition to the transverse there are a few longitu-

dinal bundles of fibres. The transverse fibres of the anterior commissure
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are often somewhat displaced by vessels whicli pass into the grey sub-

stance from the anterior fissure.

The posterior commissure is also composed of medullated fibres running
transversely or with a slight obliquity, but there is a considerable amount
of neuroglia between them, and this gives the grey aspect to the com-
missure. In this commissure is contained the central canal of the spinal

cord, the fibres of the commissure sweeping round it, leaving an
area outside the epithelium of the canal almost free from nerve-

fibres, and occupied only by what appears like a portion of nem'oglia,

having in the hardened condition a reticulated structure and in the fresh

state a gelatinous aspect. It is sometimes termed sulsiantia ffelafinosa

centralis. The outermost part is marked ofi^ from the rest by the more
concentric disposition of its fibrils. There is rather more of the posterior

conunissm'e behind the central canal than in front. The fibres of the

posterior part curve backwards on reaching the lateral crescents of grey

matter and pass towards the bundles of the posterior roots, v,-hereas those

of the anterior part diverge at various angles into the cervix cornu.

The central canal is lined with a layer of columnar ciliated epithelium.

The cells are slightly longer on the dorsal than on the ventral aspect of the

canal. Each cell is providedwith a bunch of cilia on the side which is turned

towards the lumen of the canal : the other end of the cell is prolonged

into the reticular substance just mentioned, and there becomes lost to view.

In the adult the lumen of the central canal is not unfrequently

obliterated, being filled up by detached cells.

Origin of the spinal nerves.—The anterior and posterior roots of

the spinal nerves are attached along the sides of the cord, oppo-

site to the corresponding cornua of the grey matter ; the posterior roots

in a straight line at the postero-lateral groove, and the anterior roots

scattered somewhat irregularly upon the surface (fig. 246, b).

The anterior roots are seen in a transverse section to pass through
white substance and to enter the grey cornu in several bundles, which
have a slight upward inclination, so as to be often cut obhquely if the

section be exactly in a transverse plane. Some of the fibres on reaching

the grey matter are directly connected with the axis-cylinder processes

of the large nerve-ceUs of the cornu. The others, and perhaps the

larger number, pass by the cells without, so far as can be seen, entering

into relation with them.

As soon as the bundles enter the grey matter, their fibres diverge

from one another, some going inwards towards the anterior commissure,
others outwards towards the anterior part of the lateral column and others

straight backwards to the posterior cornu (fig. 255). Of those which pass

inwards some are continued into the axis-cylinder processes of the mesial

group of cells of the anterior cornu, and others are stated to go to the

other side of the cord through the anterior commissure and perhaps to

become connected witli the corresponding cells there. The outwardly

dnected fibres of the root are partly connected with the lateral group of
anterior cornu cells, and partly enter the lateral white column and turn

upwards in it. The middle set of fibres again are partly connected to the

ceEs of the lateral group of the anterior cornu, and partly, as just men-
tioned, pass on to the posterior cornu without coming into relation with
the motor nerve-cells. Then' further corrse here has not been traced.

According to Gerlach they are continued into some of the scattered cells

of the posterior cornu.
T 2
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The posterior roots at their entrance into the cord are seen to form
two sets. Of these the external and somewhat smaller enters the

2^'ey matter at once, passing in separate bundles, partly through

the substantia gelatinosa of Eolando, partly curving round this sub-

stance. Their course, like that of the bundles of the anterior roots,

is directed slightly obliquely upwards. In the substantia gelatinosa

many of the bundles become longitudinal, turning either upwards or

p.m.f

Fig. 255. Fig. 255.

—

Diagram to il-

lustrate THE COUKSK
taken bt the fibres op
the nerye-roots on enter-
ing the spinal cord.

(E.A.S.)

a, a, two funiculi of tlie

anterior root of a nerve ; 1, 1,

some of their fibres passing

into the lateral cells of the

antei-ior cornn ; 1', 1', others

passing into the mesial cells of

the same cornu ; 2, 2, fibres

passing to the lateral column
of the same side without
joining nerve-cells ; 3, 3,

fibres passing towards the pos-

terior cornu ; 4, 4, fibres

passing across the anterior

commissure, to enter nerve-

cells in the anterior cornu of

the other side
; p, funiculus

of the posterior root ; p, I,

fibres of its lateral or external

division coming through and
around the gelatinous sub-

stance of Eolando ; some of these, 5, are represented as becoming longitudinal in the

latter ; others, 6, 6, as passing towards the anterior cornu, either directly or after join-

ing cells in the posterior cornu, and others, 7, as curving inwards towards the grey com-

missui-e
; p, in, fibres of the mesial or inner division, entering the posterior column and

then becoming longitudinal
;
p', m', fibres from a posterior root which had joined the

cord lower down and entered the posterior column, now passing into the grey matter at

the root of the posterior cornu. Of these, 8, is represented as entering Clarke's column,

9, as curving around this and coursing to the anterior commissure, and 10, as passing

towards the anterior cornu. The axis-cylinder processes of the cells of Clarke's column
are shown arching round, and taking the direction of the lateral column.

a.m.f., anterior median fissure ; p.m.f., posterior median fissure ; c.c, central canal ;

S.R., substantia gelatinosa of Eolando.

doT^mwards for a certain distance, and then in all probability passing in

again horizontally. The rest pass at once horizontally into the grey

matter where for the most part they become lost, but some can be traced

as far as the anterior cornu, and others tend towards the posterior com-
missm-e, and probably pass through it to the other side.

The inner or principal bundle of the posterior root enters the posterior

white column. The fibres turn upwards in this and run longitudinally

for some distance. At length, after passing through several segments
of the cord, they turn in obliquely into the base of the posterior cornu,

Avhich in their longitudinal course they have been gradually approaching.
(It is uncertain whether all the fibres thus turn in again or whether some
are continued along the column towards the encephalon.) Here they

form a well-marked bundle, which traverses the grey matter obliquely.
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passing towards the anterior corrni, and cutting off in their passage a
distinct area of the grey substance in which, in the dorsal region, the

cells of Clarke's column lie. Some of the fibres of the bundle enter this

area and there become longitudinal, others go towards the outer or

lateral group of cells of the anterior cornu, and others again bend
sharply round towards the anterior commissure.

Course of the nerve-fibres in the spinal cord.—It is impossible

to um-avel the tracts of nerve-fibres in their passage along the spinal

cord, and it is exceedingly difficult to trace the same fibre or fibres for

any distance in microscopical sections of the organ. But the task of

following out the course of certain sets of fibres has been much
facilitated of late years by the application to the subject of certain

special developmental and pathological methods of observation. Thus
it is found that if the develoj^ment of the spinal cord is carefuUy

observed, the medullary substance of the nerve-fibres is formed later

along certain tracts of the white columns than in the rest of the white

matter, so that in transverse sections of the cord these tracts are easily

distinguishable by their more transparent grey appearance (Flechsig).

Another method by which similar results are arrived at consists in

tracing the course which the degeneration of the fibres pursues in con-

sequence of a lesion either in the encephalon, or in the spinal cord itself,

or even in the peripheral nerves ; the lesions being produced by accidental

injury, by pathological changes, or experimentally in animals (Schielfer-

decker). The degenerations which foUow are either the result of the

Wallerian law that separation of a nerve-fibre from the nerve-cell with
which it is connected as its trophic (nutritive) centre is foHowed by de-

generative changes in the part of the fibre thus separated from that centre,

or they may foUow from the prolonged disuse of a nervous tract, especially

in young animals, as when a limb is removed altogether or a nerve or nerves

permanently paralyzed. The degeneration which follows a lesion of part

of the nervous centre, and especiahy section of the spinal cord, is in some
tracts centrifugal, in others centripetal. The place of the degenerated

nervous substance is taken by connective tissue and this, by its difference

of behaviour to staining fluids, can easily be distinguished by the sur-

rounding undegenerated white substance. In some cases groups of nerve-

ceUs are affected by the degenerative processes, and some of the cells may
even eventually disappear altogether. When this is the case it may be
assumed that they are in some way in connection with the tracts of

fibres which have simultaneously undergone degeneration.

In the antero-lateral column there are at least two such tracts which
can by these methods be traced not only along the greater part of the

spinal cord but into or fi:om certain parts of the encephalon. The two
tracts in question have accordingly been named, from their upper con-

nexions, the p7/ramidal tract ov tracts, and the direct lateral cerebellar tract.

The pyramidal tract is directly traceable down from the anteriorpyramid
of the medulla oblongata. The greater number of the fibres which
compose the pyramid, cross at the upper limit of the spinal cord, down
which they pass in the posterior part of the lateral column as a compact
bundle of fibres occupying in transverse section a somewhat oval area

which lies in the angle between the posterior cornu and the outer surface

of the cord, but is in most parts separated from both by bundles of fibres

belonging to other systems. This lateral or crossedpart of the pyramidal
tract (fig. 256, c.p.t.) can be traced as far as the third or fourth pair of
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sacral nerves, becoming gradually smaller below and approaching ttie

surface of the cord.

Some of the fibres of the pyramids of the medulla do not decussate at

the upper limit of the cord. These pass down close to the anterior

median fissure, forming the anterior or uncrossed portion of the iryra-
midal trad {d.p.t.), which gradually diminishes as it is traced downwards,
and ceases altogether at about the middle or end of the dorsal region of
the cord. It is highly probable that the decussation of these anterior

pyramidal tracts goes on along their whole course, their fibres passing

Fig. 256.

—

Diagrammatic sections of the spijval

CORD AT DIFFERENT PARTS TO SHOW THE CHIEF
LOCALIZED TRACTS OF FIBRES IN THE WHITE SUB-
STANCE (after Flechsig). Une and a half times
THE NATURAL SIZE.

/., at the level of the sixth cervical nerve ; //., of

the third dorsal ; ///., of the sixth dorsal ; IV., of

the twelfth dorsal ; F., at the level of tlie fourth,

lumbar.

d.p.t., direct or anterior pyj-amidal tracts ; c.p.t.,

crossed or lateral pyramidal tracts ; c.t., direct

cerebellar tract ; g, tract of Goll.

through the anterior commissure and
through the grey matter of the opposite

side to reach the lateral pyramidal tract

on the other side of the cord. The decus-

sating fibres in the anterior commissure
would thus form a continuation of the

larger decussation in the medulla oblon-

gata.

There is mnch. variation in the development
of the anterior pyi-amidal tracts in different

individuals. In some they are so -w'ell marked
as to form a visible prominence on the sui-face

of the cord close to the anterior median fissure,

in others they are quite small, or may even fail

altogether. In this case it may be assumed
that the decussation of the pyramids, which is

known to be subject to considerable variation,

has been more complete than usual. In other

cases again the anterior pyramidal tracts may
be unsymmetrical, being more developed on one
side than on the other, or the tract on one side

may be wholly undeveloped.

The direct lateral cerebellar tract (c.t.) lies between the lateral pyramidal

tract and the outer surface of the cord, occupying a somewhat narrow

area of the transverse section, which in the upper regions of the cord

reaches to the tip of the posterior cornu, but lower down becomes more

limited, and is separated from the cornu by the intervention of the

adjoining pyramidal tract. It disappears at about the second or third

lumbar nerves.

It is found that there are a few fibres scattered through the neigh-

bouring parts of the lateral column Avhich, from their development



COUESE OF NEEVE-FIBRES. 279

simultaneously with those of the cerebellar tract, should be apparently

reckoned with it. In the same way a few fibres of the pyramidal tract

are found scattered in other parts of the antero-lateral column. It is

stated that the axis-cylinder processes of some of the cells of Clarke's

column are in connexion wth the fibres of this lateral cerebellar

tract.

The fibres of this tract acquire their medullary sheath somewhat later than

those of the pyramidal tract, and are hence distinguishable from them.

The remainder of the antero-lateral column has so far not been mapped
out in definite tracts. It varies in sectional area with the size of the

nerve-roots and of the grey matter. This is especially the case with

the anterior part, that is to say, the anterior column minus the anterior

pyramidal tract, which is distinguished by Flechsig as the princi/pal tract

of the anterior column, and its fibres not improbably are of a commissural

nature, serving to connect the gTey matter of dificrent segments of

the cord. It receives fibres from the grey matter of the other side

through the anterior commissure (fig. 254), perhaps directly prolonged

from the anterior root of the other side, and also small bmidles from the

anterior cornu of the same side.

In the posterior white column there is a tract which can be traced

in the same way as those in the antero-lateral column, but extends

only as far as the middle of the dorsal region of the cord. This tract

corresponds with the situation of the posterior median column, and is

known as GoWs tract (fig. 256, g). Its fibres are continued, according

to Flechsig, fr'om the axis-cylinders of some of the cells of Clarke's

column, partly from the same side of the cord, partly tln'ough the pos-

terior commissure from the other side.

The rest of the posterior column in the upper regions of the cord and
the whole of it in the lower appears chiefly to be formed by the inner

bundles of the fibres of the posterior roots, which pass upwards in it

before turning in to the grey substance. It increases gTadually in

sectional area from below upwards, with a more sudden increase opposite

the lumbar and cervical enlargements.

There was formerly much discussion as to the ultimate destination of the fibres

of the nerve-roots in the cord, some holding with Yolkmann that none of them
reached the brain, arguing from measurements of the size of the cord in different

regions, that the cord could not contain in its upper regions all those nerve-fibres

which were traceable to it in the lower ; others with Kolliker taking the view
that the diminished size of the nerve-fibres in the upper regions, might fully ac-

count for the insufficient enlargement in sectional area, without supposing that
any of the fibres became lost in the grey matter. But apart from the fact that
an actual connexion of the fibres of the nerve-roots with nerve-cell prolongations

.
has now been shown in a number of instances. Stilling has proved by actual ob-
servation and calculation that there are not quite half as many fibres in a trans-

verse section of the white substance in the upper cervical region as reach the cord
by the nerve-roots. Thus in one subject it was found that about 800,000 fibres

entered the cord by the roots (500,000 by the posterior roots, and 300,000 by the
anterior), while the white substance at the level of the second cervical nerve con-
tained only about 400,000 fibres.
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THE ENCEPHALON.
The encephalon comprises the medulla oblongata, the cerebellum with

the pons Varolii, the mesencephalon, the thalamencephalon, and the

cerebral hemispheres ; the three parts last named being termed col-

lectively the cerebrum. The medulla ollongata (fig. 257, d) is the part

continuous with the spinal cord : it is the lowest part of the encephalon

and rests against the basilar process of the occipital bone. The c&re-

ielliim (b) occupies the posterior fossa of the cranium. Its central part

forms the posterior boundary of a space, which is bounded in front by

Fk. 257. Fig. 257.

—

^Plan in oui-

LINK OF THE ENCEPHA-
LON, AS SEEN FROM THE
EIGHT SIDE. *

The parts are repre-

sented as separated from
one another somewhat
more than natural so as

to show their connections.

A, cerebrum ; e, fissure of

Sylvius ; B, cerebellum
;

C, pons Varolii ; D, me-
dulla oblongata ; a, pe-

duncles of the cerebrum
;

h, c, d, superior, middle,

and inferior peduncles of

the cerebellum ; the parts

marked a, b, form the
isthmus encephali.

the posterior surface

of the medulla ob-

longata, and which
is named the fourth

ventricle of the brain. On each side of this, the cerebellum is connected
by peduncles below with the medulla oblongata, above with the cerebrum,
and in the middle with the po?is Varolii (c), a commissure uniting the

two halves of the cerebellum. The cereirum (a) includes all the re-

maining and by far the largest part of the encephalon. It is united
with the parts below by a comparatively narrow and constricted portion

or isthmus {a, l), part of Avhich, forming the crura cerebri, descends
through the pons Varolii into the medulla oblongata, whilst another part

on each side joins the cerebellum. The cerebrum is mainly composed
of the large convoluted cerebral hemispheres, and within it are the third

and two lateral ventricles. It occupies the vault of the cranium, the

anterior and middle cranial fossge, and the superior fossee of the occipital

bone. The cerebral hemispheres are united together by a large com-
missm-e termed the corpus callosum, and by smaller commissures.

THE MEDULLA OBLOITGATA.
EXTERNAL CHAEACTERS.

The medulla oblongata is continuous below with the spinal cord, on a
level with the lower margin of the foramen magnum. Its upper limit is
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marked by the lower border of the pons Varolii, into which it is con-

tinued above ; its anterior or ventral surface rests in the basilar groove,

whilst posteriorly it is received into the fossa named the vallecula between

Fiff. 258.

Pig. 258.

—

Right half of the brain divided by a tertioal antero-posterior

SECTION (from Tarious sources and from nature). (Allen Tliomsun). |

1, 2, 3, 3a, 3&, are placed on conTolutions of the cerebrum ; 4, tlie fifth ventricle, and
above it the divided corpus callosum ; 5, the third ventricle ; 5', pituitary body ; 6,

corpora quadrigemina and i^ineal gland ; + , the fourth ventricle ; 7, pons Varolii ; 8,

medulla oblongata ; 9, cerebellum ; i, the olfactory bulb ; ii, the right optic nerve ; iii,

right third nerve.

the hemispheres of the cerebellum, and there bounds the fourth ventricle.

From its sides the seventh to the twelfth cranial nerves issue.

The term medulla oblongata, as employed by Willis and Vieussens, and by ttose

who directly followed them, included the crui-a cerebri and pons Varolii, as well
as that part to which by Haller first, and by most subsequent writers, this teiin

has been restricted.

It has the form of an irregular truncated cone, being expanded at its

upper part both laterally and dorso-ventrally : its length from the lower

j)art of the decussation of the pyramids to the pons is nearly an inch (20
to 2J:mm.); its greatest breadth is about three fourths of an inch (17 to

18 mm.) ; and its thickness, from before backwards, rather less (15 mm.).
In its lower part where it joins the spinal cord, its measurements are

but little different from those of the cord.

The anUrior and j^osterior median fissures which partially divide the
spinal cord are continued up into the medulla oblongata. The anterior
fissure terminates immediately below the pons in a recess, the forammi
ccccum of Vicq d' Azyr ; it is partly interrupted below by the decussating
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"bundles of the pyramids ; the posterior fissure is continued upwards to

about the middle of the medulla where it expands into the fourth

ventricle.

The structure of the medulla oblongata will be most easily made clear

by tracing the several parts of the spinal cord upwards in their

continuity with the parts of the medulla oblongata.

Ficc. 259. Fig. 259.

—

"View op the akteriou stjrrface

OF the pons Varolii and medulla oblon-
gata, WITH A SMALL PART OF THE SPINAL
CORD ATTACHED.

a, a, pyramids ; 6, their deciissation : c, c,

olives ; d, d, restiform bodies ; e, external arci-

form fibres, curving round tlie lower end of the

olive
; /, fibres described by Solly as passing from

the anterior column of the cord to the cere-

bellum
; g, anterior column of the spinal cord

;

Ti, lateral column
; f, pons Varolii ; i, its upper

fibres ; v, v, roots of the fifth pair of nerves.

In doing this it Tvill be found that the
relative position and extent of many of the
parts are gradually altered, and that other
parts which are not, so far as is known,
represented in the spinal cord become inter-

polated between those which are there met
with. It will further be found that the
change of relative position of the parts is

largely owing to two causes. In the first

place the sudden passage of large bundles of
meduUated fibres from the posterior part

of the lateral column of the cord to the opposite side of the anterior median
fissure appears to break up to a great extent the grey matter of the anterior

cornu, which is traversed by the bundles. In the second place the opening up of
the central canal and separation of the lips of the posterior median fissure bring
the grey matter to the stu-face in the fourth ventricle, whilst the posterior cornu
is coincidently shifted to the side, much in the same way as it would be if a
median incision were made from the posterior surface of the spinal cord into

the central canal, and the two lateral halves were then turned outwards so that
the sides of the posterior median fissure became the posterior surface of the
cord.

In tracing the parts of the spinal cord upwards into the medulla in

the manner proposed, we may employ the lines along which the cranial

nerve-roots issue ft'om the sides of the medulla as guides in recognizing

in the latter the three chief columns which are marked off on the surface

of the cord by the exit of the spinal nerve-roots. It will be found that

the line of the^posterior or sensory roots of the spinal nerves is prolonged

for a certain distance by a series of bundles of the spinal accessory or

eleventh cranial nerve(figs. 260, 261, XI). This begins to take origin

as far down as the lower end of tJie cervical region of the cord

(fig. 244, 8), but there its roots issue more from the side, and external

to the posterior roots of the cervical nerves. At the upper end of the

cervical region however, they approach the line of the posterior roots,

and indeed some of the bundles arise in conjunction with those of the

first and sometimes of the second cervical nerve, after which, as just
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meiitioaed, they prolong the line of the posterior roots. They are suc-

ceeded along this line by the bundles of the vagus root (fig. 260, X),
and these again by those of the glossopharyngeal (IX). On tracing-

Fig. 260.—View feoji Fig. 260.

BEFORE OF THE MEDULLA
OBLONGATA, PONS VA-

KOLII, CRURA CEHEBRT,

AND OTHER CENTRAL POR-

TIONS OP THE ENCEPHA-

LON. (Allen Thomson)
Natural size.

On the right side the

convolutions of the central

lobe or island of Reil have
been left, together with a

small part of the anterior

cerebral convolutions : on

the left side these have
been removed by an inci-

sion carried between the

thalamus oiDticus and the

cerebral hemisphere.
1', the olfi^ctory tract

cut short and lying in

its groove ; II, the left

optic nerve in front of

the commissure ; IF, the

right optic tract ; Th, the

cut surface of the left

thalamus opticus ; C, the

central lobe or island of

Keil ; Sy, fissure of Syl-

vius ; X X , anterior per-

forated space ; e, the ex-

ternal, and /, tlie internal

corpus geniculatum ; Ji,

the hypophysis cerebri or

pituitary body ; tc, tuber

cinereum with the infun-

dibulum ; a, one of the

corpora albicantia ; P, the

cerebral peduncle or crus
;

/, the fillet ; III, close to

the left oculo-motor nerve

;

X , the posterior perfo-

rated space.

The following letters

and niimbei's refer to parts in connection with the meduUa oblongata and pons. PV,
pons Varolii; V, the greater root of the fifth nerve

; + , the lesser or motor root ; YI,

the sixth nerve ; VII, the facial ; VIII, the auditory nerve ; IX, the glossopharyngeal

;

X, the pneumogastric nerve ; XI, the spinal accessory nerve ; XII, the hypoglossal

nerve ; C I, the suboccipital or first cervical nerve
; p a, pyramid ; o, olive ; d, anterior

median fissure of the spinal cord, above which the decussation of the pyramids is repre-

sented ; c a, anterior column of cord; r, lateral tract of medulla continuous with, c I,

the lateral column of the spinal cord.

the roots of these nerves deeply into the medulla, they are found
to proceed to or from collections or columns of nerve-cells which lie in

grey matter derived from the posterior cornu of the cord. They corres-

pond then morphologically, and in a measure physiologically, to the
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posterior roots of the spinal nerves, and their line of exit represents

the postero-lateral groove of the cord and indeed is marked at first by
a shallow sulcus continuous with that groove. If this line be traced

upwards (fig. 261) it will be seen that the sulcus is obliterated or nearly so

before long, so that the issuing bundles of nerve-roots alone serve to mark
its position. As it passes upwards it becomes gradually more diverted

from the middle line, turning outwards ; so that opposite the place where
the central canal opens into the calamus scriptorius of the fourth

ventricle, the line in question has left the posterior surface and in the

rest of its course runs along the lateral surface of the medulla. Towards
the upper end it passes near the posterior margin of an oval prominence
on the surface of the medulla termed the olivary tody (o), but is separated

from that prominence by a narrow tract. In transverse sections of the

lower part of the medulla oblongata (fig. 262) it is seen that the bundles

of fibres of the nerve-roots, in traversing the substance of the medulla
to reach the grey matter near the central canal mark ofi:' a somewhat oval

area on each side at the posterior part of the section. This area is termed
by Flechsig the posterior area of the medulla, and the tracts of white

fibres which can be traced, as will be immediately noticed, upon the

surface of this part, may therefore be conveniently termed its posterior

columns. They correspond in position to the posterior columns (posterior

median column, and posterior lateral column) of the spinal cord.

The litie of origin of the anterior roots of the spinal nerves is not
marked in the spinal cord by a distinct furrow like that from which the

posterior roots issue. But the same line, when traced upwards into the

medulla, deepens into a well-marked longitudinal groove which is con-

tinued almost vertically as far as the lower border of the pons. In its

upper part this groove separates the olivary prominence from the pro-

minence of the pyramid. Just below the olivary body it is often oblite-

rated for a certain part of its course by a band of transverse fibres. The
root-bundles of the hypoglossal nerve (figs. 260, 261, XII) pass out

from this furrow, and in transverse sections of the medulla they may be

traced back through the substance of the organ to a group or column of

nerve-cells situated in a portion of grey matter close to the antero-lateral

side of the central canal in the lower closed part of the medulla (fig. 262),

and close to the middle of the fourth ventricle in the upper opened-out

part (fig. 268). This portion of grey matter is continuous below with

part of the anterior cornu, so that the roots of the hypoglossal, both in

their deep origin and in their place of exit, correspond with the anterior

roots of the spinal nerves. In traversing the substance of the medulla they

mark off an anterior area, wedge-shaped in transverse section, which is

placed between them and the anterior median fissm-e (fig. 262,/). This

area is on the surface marked by the prominence kno'WTi as the pyramid or

anterior pyramid, which corresponds in position (but only to a small extent

in the fibres of which it is composed) with the anterior column of the spinal

cord. The remainder of the transverse section of the medulla, after the

posterior and anterior areas are deducted, lies between the line of nerve-

root bundles of the hypoglossus and that of the successive bundles of

the spinal accessory, vagus and giosso-pharyngeal. This is termed by
Flechsig the lateral area, and on the surface it is marked below by a

continuation of part of the lateral column of the cord, and above by the

olivary prominence already alluded to.

We may now proceed to describe in detail the several parts which
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appear upon the surface of the medulla in the three regions thus marked

off by the two sets of nerve roots, commencing with the posterior

columns.

Fig. 261.

it-

Fig. 261.

—

View of the medulla oblongata, pons Varolii, crtjea cerebri, and
CENTRAL PARTS OF THE ENCEPHALON FROM THE RIGHT SIDE. (Allen ThomSOn.

)

The corpus striatum and thalamus opticus have been preserved in connection with the

central lobe and crura cerebri, while the remainder of the cerebrum has been removed.

St; upper surface of the corpus striatum ; Th, back part of the thalamus opticus ; C,

placed on the middle of the five or six convolutions constituting the central lobe or island

of Eeil, the cerebral substance being removed from its circumference ; Sy, fissure of

Sylvius, from which these convolutions radiate, and in which are seen the white striae of

the olfactory tract ; I, the olfactory tract divided and hanging down from the groove iu

the convolution which lodges it ; II, optic nerves a little way in front of the commissure
;

a, right corpiis albicans with the tuber cinereum and infundibulum in front of it ; 7i,

hypophysis or pituitary body ; e, external, and i, internal corjpus geniculatum at the back

part of the optic tract ; P, peduncle or crus of the cerebrum ; III, right oculo-motor

nerve
; p, pineal gland

; q, corpora quadrigemina ; IV, trochlear nerve rising from v, the

valve of Vieussens. '

The following numbers and letters refer chiefly to parts in connection with the medulla

and pons. V, i3lacod on the pons Varolii above the right nervus trigeminus ; s, the

superior, m, the middle, and in, the inferior peduncle of the cerebellum cut short ;

VI, the sixth nerve ; VII, facial nerve ; VIII, auditory nerve ; IX, the glosso-pharyngeal

nerve ; X, placed opposite to the cut end of the pneumo-gastric nerve ; and XI, the

nppermost fibres of the spinal accessory nerve ; XII, the hypoglossal nerve
; p a, pyramid ;

o, olive ; a r, arciform fibres ; r, restiform body ; tr, tubercle of Rolando ; c a, anterior,

c p, posterior, and c I, lateral columns of the spinal cord ; 1,Ci, anterior and posterior

roots of the first cervical nerve.
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Tyj. 2G2. Fig. 262.

—

Section across the medulla
OBLONaATA A LITTLE BELOW THE POINT

OF THE CALAMUS scRiPTORius (LocMiarb

Clarke).

c, central canal
; /, anterior median

fisssure
; f.g. , funiculus gracilis

; /. c. , funicu-

lus cuneatus ; t.R, tubercle of Rolando ; &,

olivary body ; a.p, pyramid ; XI, XII, spinal

accessory and hypoglossal nerves ; XI', XIF,
their nuclei.

Posterior columns. It will be

remembered that in the upper region

of the spinal cord a small portion of

the whole posterior column is marked
oflp from the rest by a well-developed

pia-matral septum, and is indicated

in the surface by a distinct longitudinal prominence bounded laterally

by a shallow groove. The portion thus marked off is the posterior

sjivy

Fig. 263.

—

Posterior and late-

ral VIEW OF THE MEDULLA
oblongata, fourth ventricle
and mesencephalon (e.a.s.).

Natural size.

The cerebellum and inferior

medullary velum, and the right

half of the superior medullary
velum, have been cut away, so as

to expose the fourth ventricle.

'p/ii., line of the posterior

roots of the spinal nerves
;

^. m.f. ,
posterior median fissure

;

f.g., funiculus gracilis; cl., its

clava
; f.c, funiculus cuneatus;

f.B; funiculus of Rolando; r.h.,

restiform body; c.s., lower end
of the fourth ventricle (calamus

scriptorius) ; I, section of the

ligula or tsenia
;
part of the cho-

roid plexus is seen beneath it

;

l.r., lateral recess of the ven-

tricle ; str. , stri^ acusticse ; i.f. ,

inferior (posterior) fovea ; s.f.,

superior (anterior) fovea ; be-

tween it and the median sulcus

is the funiculus teres ; chl., cut

surface of the left cerebellar

hemisphere ; n. d. , central grey

matter (nucleus dentatus) seen as

a wavy line ; s.m.v., superior

(anterior) medullary velum ; Ing.

,

lingula ; s.c.p., superior cerebel-

lar peduncle cut longitudinally
;

cr. , combined section of the three

cerebellar peduncles (the limits

of each are not marked) ; c.q.s.,

c.q.i., corpora quadrigemina (superior and inferior)
; fr., frenulum;/, fibres of the

fillet, seen on the surface of the tegmentum ; c, crusta ; l.g., lateral groove ; c.c/.i., corpus

geniculatum internum ; th.
,

posterior part of thalamus
; jp,

pineal body. The romau
numbers indicate the corresponding cranial nerves.
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median column, and the prominence, which is continued up into the

medulla oblongata becomes there still better marked, and is known as the

fimicidus gracilis (fig. 263,/ g). This, as it is traced upwards, especially

as the fourth ventricle is approached, broadens out into an expansion

termed the dava{cl.), and as the ventricle opens out the clavas of opposite

sides diverge and form the lateral boundary to the ventricle in its lower

part. Above, the clav£e are tapered off and soon become no longer

traceable.

The funiculi graciles with, their clavas are sometimes described as the jjosterior

pyramids.

Between the posterior median column and the postero-lateral groove

from which the posterior roots of the cervical nerves pass out there is found
in the upper part of the cord a single distinct column, viz., the posterior

lateral column. This is also the condition at the loAvest part of the

medulla close to its junction Avith the cord. But very soon there begins

to be interpolated between the prolongation of this column and the

groove in question another longitudinal prominence which is at first

narrow but soon broadens out into a considerable eminence known as the

tubercle of Rolando. The longitudinal prominence which passes up iuto it,

is termed therefore by Schwalbe, the funiculus of Rolando (fig. 26o,f.R.).
,lVhat may be regarded as the prolongation of the posterior lateral column
also gradually expands as it ascends, so that it has a somewhat wedge-like

form and it is accordingly known as the cuneate funiculus (fc). On a

level with the adjoining clava of the funiculus gracilis, the enlarged part of

the cuneate funiculus also, Hke that, exhibits a slight eminence, which
is best marked in children, and has been termed the cuneate tubercle

(Schwalbe). Beyond this the cuneate funiculus passes the clava, and
assists in forming the lateral boundary of the fourth ventricle.

The funiculus of Rolando is termed by Henle the lateral cuneate funiculus ; it

is prodiiced, as we shall presently see, by the approach of the caput conau
posterioris to the sui-face.

In the upper part of the medulla oblongata, the cuneate funiculus is

concealed by a set of fibres {external arciform or arcuate fibres) which
issue from the anterior median fissure and passing transversely outwards
on the smface of the anterior pyramids and olivary body, turn upwards to

join the restiform body. There is also a narrow strand of fibres marked
by its white appearance which crosses the line of the posterior roots from
the lateral column, just above the level of the tubercle of Eolando, and
joins this tract of oblique fibres. This is the lateral cerebellar tract

which has been aheady noticed in the description of the spinal cord.

These obliquely crossing fibres turn upwards as they cross the funiculus

of Eolando and cuneate funiculus, and appear to blend with them to form
a rounded prominent cord, the corpus restiforme or rope-like body (fig.

263, r. b.) which passes directly into the corresponding hemisphere of

the cerebellum, constituting its inferior peduncle.

The term " restiform body " is sometimes made to include the whole of the
posterior column of the medulla, with the exception of the funiculus gracilis,

but with the addition of the lateral cerebellar tract, and the fibres which cross as

above noticed from the anterior pyramids. By others again the terra is used
Bynonymously with the posterior column. But it is more convenient to employ
it in the restricted, sense to indicate the tract of the medulla which passes ux)
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into the cerebellum, and this is mainly constituted as will be presently seen
by the arched fibres above mentioned, reinforced by the lateral cerebellar tract

;

the fibres in the cuneate funiculus and funiculus of Eolando being- in all

probability not continued up into the cerebellar peduncle, as from the smface
those funiculi sometimes appear to be.

Fig. 264. Fig. 264.

—

Dissection oi" the medulla
OBLONGATA AND PONS SHOWING THE
COURSE OF THE PYRAMIDAL TRACTS IN

THE-M. (Allen Thomson.

)

P, pons Varolii
; p, the pyramids, the

upper part of the right one has been cut

away ; p', the fibres of the left pyramid, as

theyascend through the pons, exposed bythe
removal of the superficial transverse fibres

;

p" is placed on some deeper transverse

fibres of the pons on the right side, below
the divided fibres of the right pyi-amid ; a,

left anterior column of the cord, its median
part passes upwards into the outer part of

thepyramid, the remainder dips beneath the
pyramid and olivary body ; o, olivary

body ; o', the continuation of part of the

lateral column ascending through the pons
and exposed by the removal of a small

portion of the deeper transverse fibres

;

o", some of the same fibres divided by a
deeper incision on the right side ; I, V, the

lateral columns of the cord ; x , their

deeper parts passing by decussation into

the pyramids ; r, direct cerebellar tract

passing from the lateral column into the

inferior peduncle of the cerebellum, or restiform body ; r', fasciculus passing from the

anterior column to the same ; ft, deep longitudinal fibres derived from the anterior and
lateral columns of the cord.

B, explanatory outline of the section of the spinal cord, a, anterior columns
; p,

posterior ; I, lateral.

Ijateral columns.—The lateral column of the spinal cord appears, on
the surface, to be directly continued upwards into the lateral column of

the medulla oblongata. In reality, however a considerable tract of the

white fibres—that which in the spinal cord we have noticed as the

lateral pyi-amidal tract—is found, at the lower end of the medulla, to

cross obliquely in stout bundles through the grey matter of the anterior

oornu, and across the anterior median fissure to the other side of the

medulla, where they form the mesial and larger ]Dart of the pyramid.

The rest of the lateral column can be traced vertically upwards (with the

exception of the lateral cerebellar tract which passes, as already indi-

cated, backwards into the restiform body) as far as the lower end of the

olive where its longitudinally coursing fibres become concealed by this

prominence and by the arched fibres already noticed.

The olivary body (figs. 260, 261, d) is, as its name implies, an olive-

shaped prominence, which lies in the upper part of the meduUa imme-
diately above the apparent termination of the lateral column, and ex-

tending nearly as far as the lower border of the pons, being only separated

from this by a deep groove in which is sometimes a small band of arched
fibres. The line of exit of the hypoglossal nerve-roots lies on its inner

or mesial border, that of the accessory, vagus and glossopharyngeal roots

along its outer side, but the latter are separated from it by a groove in
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whicli longitucliual fibres prolonged from the lateral tract can be seen.

Sometimes there is a small longitudinal tract running along its inner

border also, and in such case, with the arched fibres above and below,

the olive appears to be entirely enclosed by a fibrous strand, which has

sometimes been described as its capsule {siliqiia olivce). The longitudinal

tracts before and behind the olive are often concealed in great measure

by the arched fibres, which may form a complete superficial layer over

the olive, and indeed over the whole anterior and lateral surface of this

upper part of the medulla.

Anterior columns. Pyramids of the medulla.—The anterior

columns of the cord, although on superficial inspection they appear to

be prolonged into the pyi-amids of the medulla, are so only to a small

extent. For the lateral pyramidal tract, crossing the anterior median
fissure from the lateral column, is continued upwards close to that

fissure, and unites with the comparatively small anterior pyramidal tract

to constitute the prominence known as the jJip'amid. The prolongation

upwards of the rest of the anterior column of the cord lies cleeply, being

altogether concealed from view by the pyramids.

The pyramids (fig. 260, pa), are l3roader andmore prominent above than
below. They are bounded internally or mesially by the anterior median fis-

Fig. 265.

—

Section of the medulla oblongata
AT THE middle OF THE DECUSSATION OF THE
PTEAJiiDS (Lockhart Clarke).

"/, anterior
; f.p. ,

posterior fissui'e ; a.^5.
,
pyi'amicl

;

a, remains of part of anterior cornu, separated by
the crossing bundles from tbe rest of the gi'ey matter

;

Z, continnation of lateral column of cord ; li, con-

tinuation of substantia gelatinosa of Rolando
; p.c,

continuation of posterior cornu of grey matter
; f.g.,

funiculus gracilis.

sm'e, and externally by the olivary bodies,

being separated fi-om these by the gToove

before mentioned, from which the roots

of the hypoglossal nerve issue. At their

npper end they are constricted, and thus

enter the substance of the pons, through
which their fibres may be traced into the peduncles of the cerebrran.

The decussation of tJie pyramids is the name given to the obliquely

crossing bundles of the lateral pyramidal tract which are seen in the
anterior median fissure at the lower part of the medulla. The extent to

which the decussation is visible varies considerably in different

individuals ; for in some the bundles take a deeper, in others a more
superficial course. Further, in some cases a larger share than usual of

the longitudinal fibres of the pyramids passes down in the anterior

pyramidal tract and a correspondingly smaller share in the lateral

pyramidal tract. And since the anterior tract, which in the pyramid
is external to the lateral tract, does not cross in the medulla but merely
passes obliquely at its lower end to attain the side of the anterior median
fissure, the decussation in these cases is of less extent. On the other
hand, in rare cases, the whole of the fibres of the anterior pyramid may
cross over at the lower part of the medulla and become lateral pyramidal
tract, in which case the anterior or uncrossed tract is wanting in the

VOL. II. u
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cord, and the medullary decussation is very well marked. All transitions

are found between these two conditions (see p. 278).

Medullary portion of the fourtli ventricle.—The external cha-

racters of the medulla oblongata may be completed by a description of that

part of it which enters into the formation of the floor of the fourth ventricle.

This is the space into which the central canal of the cord, after becoming-

somewhat enlarged and cleft-like, opens out on the posterior or dorsal

aspect of the medulla (fig, 263). The opening-out seems as if effected by
the divergence of the ftmiculi graciles on either side at an acute angle, but
the lateral boundaries of the ventricle curve round with their convexity

towards the ventricle, and the latter rapidly broadens, so that opposite

the middle peduncle of the cerebellum it has attained its greatest width.

From this point its upper part again narrows, converging gradually

above to be continued into the comparatively narrow Sylvian aqueduct.

The ventricle is therefore irregularly lozenge- or diamond-shaped, and is

sometimes named fossa rliomloidalis. The pointed lower end of the

ventricle has the shape of a writing pen, and is termed the calamus scrip-

torma (fig. '2QQ). At its widest part the fourth ventricle is continued for

a short distance on either side between the cerebellum and medulla where
these come in contact, in the form of the j)ointed lateral recess (l.r.). The
lateral boundaries of the ventricle in its lower or medullary part are the

clav83 of the funiculi graciles, the funiculi cuneati, and the restiform

bodies. The roof or posterior wall is formed by a simple layer of flattened

epithelium covered by pia mater ; but it is not quite complete, for there

is a hole in it termed the foramen of Majendie a little above the |)lace

where the central canal opens out into the ventricle, and there are two
other apertures in the epithelial roof in the lateral recesses just mentioned.

Fig. 266. Fig. 266.

—

Antekior boundary (floor) of tpie fourth vektricie
(E.A.S.). Natural size.

m.s., median sulcus; str., strice acusticpe, marking the limit

between the upper pavt of the ventricle and the lower medullary
part or calamus scri]3torius ; l.r., lateral recess ; ?'./., inferior (pos-

terior) fovea; a.c, ala cinerea ; t.a., acoustic tubercle; s.f.,

superior (anterior) fovea, close to the lateral margin of the anterior

part of the ventricle.

At the sides and below, this layer of epithelium passes

into continuity with the epithelium covering the floor,

but it is somewhat thickened by the addition of white

nervous matter before reaching the lateral boundaries of

the floor. This thickening is left as a slightly prominent
and often ragged membrane when the epithelium of the roof of the ventricle

is torn off with the pia mater. It commences at the apex of the clava, and
accompanies the lateral boundary for a short distance; then turns over the

surface of the restiform body and terminates close to the place from
whence the roots of the vagus and giosso-pharyngeal nerves issue. It is

termed the tcmia or ligula (figs. 263, 266, /), and its upper transverse part

forms the lower boundary of the lateral recess of the ventricle. Another
thickening in the epithelial membrane is sometimes seen at the apex of

the ventricle roofing over the point of the calamus scriptorius : this is

named the obex.

Two longitudinal vascular inflexions of the pia mater, Jaiowu as the

choroid plexuses of the 4th ventricle, project from the roof into the
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cavity on either side of the middle line, covered everywhere, however, by
the epithelium of the roof. Offsets from these pass also into the lateral

recesses (fig. 2G3), from the apices of which they emerge, encircled by

a duplicature of the ligula, which was termed by Bochdalek the cornu-

copia. The epithelial layer of the roof of the ventricle follows all the

convolutions of the choroid plexuses, but is nowhere pierced by them
;

it is generally described as the epithelium of the plexuses.

The part of the floor of the 4th ventricle which belongs to the descrip-

tion of the medulla o1)longata is marked off superiorly by some transverse

white lines, which cross the grey matter of the floor, and are known as

the strict mcclullares seu acusticce (fig. 266, str). These arise close to

the median line, and curve outwards over the restiform bodies to join

the roots of the auditory nerve. They sometimes form a tolerably

compact bundle, sometimes are more separate from one another, and
occasionally arc not to be made out on the surface, probably in these

cases having a deeper course.

This lower and smaller part of the floor of the ventricle is bisected by
a slight median groove. A little on either side of this groove and imme-
diately below the strias medullares, is a small triangular depression (inferior

fovea, fig. 266, ?"/.), the apex of which extends only as far as the stri^,

but the base is prolonged into two grooves extending one from each

angle. The iimer of the two grooves passes with a slightly curved com'se

towards the point of the calamus scriptorius, and thus cuts off a pointed

triangular area), which is bounded mesially by the median sulcus,

and the base of which is turned towards the stri^ acusticee. This area

is slightly prominent, and constitutes the lower end of what wiU presently

be described as the fasciculus teres ; in it is the prolongation of the

tract of nerve-cells from which the roots of the hypoglossal nerve take

origin. The groove which is prolonged from the outer angle of the fovea,

passes downwards with a slight outward obliquity nearly to the lateral

boundary of the ventricle, and marks off externaUy another triangular

area, the base of which is also directed upwards, where it can be traced

into a prominence, (best marked in children) over which the stride

acusticte course {t.a.). To this prominence Schwalbe has given the name
iulerculmn acusticum, since the main part of the auditory nerve arises in

connection v/ith it and with the triangular lateral area behind.

Included between the two gTooves is a third triangular area, the apex

of which is at the inferior fovea, while its base looks downwards
and outwards. This area has a distinctly darker colour than the rest of

the floor of the ventricle, and especially than the funiculi teretes on the

inner side, which have a whitish gTcy appearance, and it has accordingly

lieen named the ala cimrea (a.c^. Towards the apex it is somewhat
depressed, but below it is elevated into a distinct prominence {emineniia

cincrect). It contains the nucleus of the vagus, and superiorly, near the

fovea, of the glosso-pharyngeal nerve.

INTERNAL STEUCTURS OF THE MEDULLA OBLONaATA.

The internal structm'e of the medulla, like the external form, will

be best understood by tracing its several parts upwards from the spinal

cord ; and this can be most readily done by a comparison of the ap-

pearances of successive transverse sections.
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The first changes are produced, both in internal structure and in the

external form, by the passage of the fibre-bundles of the lateral pyra-

midal tract obliquely through the grey matter of the anterior cornu, and

across the anterior median fissure to the pyramid of the opposite side

(fig. 265). By this abrupt passage of a large number of white fibres

through it, the anterior cornu is broken up, and one part, the caput

cornu" {a), is entirely separated from the rest of the grey matter ; whilst

only the base of the cornu remains, as a small portion of grey matter

close to the antero-lateral aspect of the central canal.

The separated portion of the anterior cornu becomes pushed over to

the side by the development of the pyramid and the interpolation higher

up of the olivary body between them, so that it comes to lie close to the

remains of the posterior cornu (see below). The greater part of its

substance is broken up into a formatio reticularis (fig. 267, f.r.), i.e. a

comparatively coarse network of grey matter containing nerve-cells,

intersected by bundles of white fibres ; but a small part of the cornu

remains for a time in the lateral column, near the surface, and is known
as the nucleus of that column {nucleus lateralis, (fig. 267, n.l.) ).

Meanwhile the posterior cornua become gradually shifted laterally,

simultaneously with an increase in size of the posterior columns of the

Fig. 267.

TiM

cm.f:

Fig. 267. Section op the jmedulla

OBLONGATA IN THE BEGION OF THE
SUPERIOR PYRAMIDAL DECUSSATION.

(Schwalbe.) f

a.m./., anterior median fissure

;

/.«., superficial arciform fibres emerg-

ing from the fissure
; py. ,

pyi-amicl

;

n.wi'., nucleus of the arciform fibres ;

f.a'., deep arciform fibres becoming
superficial ; o., lower end of olivary

nucleus ; o',, accessory olivary nucleus

;

n.l., nucleus lateralis
; f.r., formatio

reticularis ;f.a.", arciform fibres pro-

ceeding from formatio reticularis
; g.,

substantia gelatinosa of Eolando

;

((. T^. , ascending root of fifth nerve ;

01. c. , nucleus cuneatns ; n. c'. , external

cuneate nucleus
; f.c, funiculus cu-

neatus ; n.(/., nucleus gracilis
; f.r/.,

funiculus gracilis; p.m.f, posterior

median fissiu'e ; c.c, central canal

surrounded Toy grey matter, in which
are, n.XI., nucleus of the spinal

accessory, and, n.XII., nucleus of the

hypoglossal : s.d., superior j^yramidal

decussation.

medulla, so that in place of forming an acute angle with the posterior

median fissure, they now lie almost at right angles to it (fig. 265).

Moreover, the caput cornu enlarges and comes close to the surface,

Avhere it presently forms a distinct projection, the funiculus of Rolando,

which, a little higher up, swells into the tubercle of Eolando (fig. 265, R.).

At the same time the cervix cornu diminishes in size and like the

anterior cornu is eventually broken up by the passage of transverse and
longitudinal bundles of white fibres through it, into a reticular formation,

which then separates the caput cornu posterioris (fig. 267, (/.) from the
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rest of the grey matter, and joins the reticular formation derived from

the anterior cornu. In the tubercle of Eolando the caput cornu is close

to the surface, and its grey substance can readily be seen, but above the

tubercle it lies deeper, being covered by a well-marked bundle of

ascending white fibres (ascending root of the 5th nerve {a. V.)) and
by the oblique arched fibres which are passing over it to form the restiform

body.

The grey matter of the base of the posterior cornu undergoes a

considerable increase as we trace it upwards in sections. For portions

of grey matter are soon found to extend from it into the funiculi graciles

and cuneati, forming the so-called nuclei of those columns (figs. 267,

2G8, n.(i., n.c). These nuclei are at first narrow in transverse section;

Fig. 26S. Section of the me-

dulla OBLONGATA AT ABOUT THE
MIDDLE OP THE OLIVARZ BODY.

(Sch-.valbe.) |

f.l.a., anterior median fissure
;

n.ar., nucleus arciformis ; p.,

pyramid ; XII. , bundle of liyi^o-

glossal nerve emerging from the

surface ; at h, it is seen coursing

between the pjnramid and the i

olivary nucleus, o.
; f.a.e., exter-

nal arciform fibres ; n.L, nucleus

lateralis ; a. , arciform fibres

passing towards restiform body
partly through the substantia gel-

atinosa, g., partly superficial to

the ascending root of the 5th

nerve, a. V. ; X , bundle of vagus
root, emerging

; f.r., formatio re-

ticularis ; c.r., corj)us restiforme,

beginning to be formed, chiefly

by arciform fibres, superficial and
deep; n.c, nucleus cuneatus

;

n.ff., nucleus gracilis ; t., attach-

ment of the ligula
\ f.s., funiculus

solitarius ; 7i.X. , 7i.X'., two parts

of the vagus nucleus ; n.XII., hyijoglossal nucleus ; n.f., nucleus of the funiculus

n.am., nucleus ambiguus ; v., raphe ; A., continuation of anterior column of cord ;

accessory olivary nuclei ; j3.o, pedunculus olivre.

teres

but as the central canal approaches the posterior surface of the medulla

they appear as comparatively thick masses, which produce externally the

eminences of the clava and the cuneate tubercle. Outside the nucleus

of the funiculus cuneatus (which is often known as the restiform nucleus)

a small accessory or external nucleus becomes formed (fig, 267, n.c'.).

When the slit-like upper end of the central canal opens out into the

4th ventricle, the small remaining portion of the base of the anterior

cornu comes to the surface of the floor of the ventricle, and as the

sections are traced forward increases gradually in size, producing the

eminence of the faniculus teres. In it, both in the lower part of the

medulla where the canal is still closed and above where it has opened out,

a group of large nerve-ceUs (n.XII.) is seen in the transverse sections,

representing a longitudinal vesicular column. From this column of cells

the successive bundles of the roots of the hypoglossal or 12th cranial

nerve arise and pass obhquely through the substance of the medulla to
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leave it on its anterior aspect. The tract of nerve-cells is accordingly

known as tlie hypoglossal nucleus.
In the 4th ventricle the hypoglossal nucleus lies a short distance

from the surface. Nearer to the surface of the floor and nearer also to

the median groove is a smaU group of cells continuous with those found
in the raphe, presently to be described, and known sometimes as the

nucleus of the funiculus teres (iig. 268, oi.t.).

At the base of the posterior cornu in the lower part of the medulla, and
near the central canal, a group of cells (fig 267, «. XI.) is seen in section,

which seems to correspond with the hypoglossal group in the base of the

anterior cornu. This, if traced upwards, is found to be pushed to the side

as the central canal opens, so that in the floor of the ventricle it lies out-

side the hypoglossal nucleus (fig. 268, n.X.). The group or column of

cells in question corresponds to the prominence of the ala cinerea wdiich

appears on the surface, and it extends forwards as far as the fovea pos-

terior. From it there arise successively bundles of fibres of the roots of

the spinal accessory, vagus and glosso-pharyugeal nerves (11th, 10th, and
9th cranial nerves) : those of the upper roots of the spinal accessory in the

lower part of the medulla where the canal is still closed ; those of the vagus
lieginning at the commencement of the ventricle, and arising along the

length of the eminentia cinerea ; and those of the giosso-pliaryngeal coming
for the most part from the upper part of the ala cinerea, and from the

posterior fovea. The column of cells in question forms then successively

the nucleus of the spinal accessory, pneuniogastric and glosso-

pharyngeal nerves.

Fig. 269.

nVMao

Fig. 269. Thaksveese section of the upper part of the medulla oblongata.

(Schwalbe.) *

py., pyi'amid ; o., olivary nucleus ; V.a., ascending root of the fiftli nerve; VIII.,

inferior (posterior) root of tlie auditory nerve, formed of two parts, a. and &., which
enclose the restiform body, c.r. ; n. VIII.}^., principal nucleus of the auditory nerve;

n.VIII.ac, accessory nucleus; g., ganglion cells in the root; n.f.t., nucleus of the

funiculus teres ; n.XII., nucleus of the hypoglossal ; r., raphe.
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Towards tlie upper part of the medulla another tract of cells becomes
developed outside the line of the accessory, vagus, and giosso-pliaryngeal

nuclei. This tract corresponds to the lateral triangular area which is seen

on the surface outside the ala cinerea, and which passes into the tuber-

culum acusticum of Schwalbe. From it most of the fibres of the 8th or

auditory nerve take origin, and it is accordingly named the principal
auditory nucleus.

The nerve-cells in the hypoglossal nucleus are larger than those in

the spinal accessory, vagal and glossopharyngeal nuclei. Those in the

nucleus of the funiculus gracilis are also of considerable size.

ITucleus of tlie Olivary Body.—Besides those collections of grey
matter which are traceable from the grey matter of the spinal cord,

portions occur in certain parts of the medulla oblongata, which are

not represented in the cord. Of these the most important is the nucleus

of the olivary tody, which has been termed, from its appearance in

section, the corpus dentatum of the olive (fig. 268, o). It is enclosed

in the olivary prominence, and is therefore situated in the lateral area

of the medulla, but the grey matter is not visible fi*om the surface,

being covered by both longitudinal and transverse white fibres. It

takes the form of a thin wavy lamina, which is curved round at its

edges so as to form an ovoid scalloped capsule. The open part or hilus

of this looks towards the middle line and receives a considerable tract

of white fibres, which emanate fi'om the anterior area immediately behind
the pyramid, and pass into the hilus along its whole extent, forming
the so-called olivary ]jedimcle {p.o.). Under the microscope the nucleus

appears as a wavy band of neuroglia, with small multipolar nerve-

cells embedded in it. The fibres of the olivary peduncle diverge

as they pass to the grey lamina. They partly terminate in the axis-

cyhnder processes of its cells, and partly pass in small bundles through
the lamina, those which are more posterior tm'ning backwards and
coursing obliquely (as internal arcuate fibres) through the posterior part

of the lateral area to join the restiform body, whilst the others have a

more direct com'se through the grey lamina and run between the longi-

tudinal fibres which cover the ohve. On reaching the surface they bend
round and are continued as part of the layer of external arcuate fibres.

Some may not reach the sui-face, but turn upwards and reinforce the

longitudinal fibres just mentioned.

Besides tlie main olivaiy nucleus two smaller isolated bands are generally seen

(figs. 267, 268, , o"), looking like separated portions of the chief nucleus. They
are situated one on the dorsal, and the other on the mesial aspect of the chief

nucleus, and are known as the outer and inner accessory olivary miclei. They
are traversed like the main nucleus by bundles of internal arcuate fibres going to

the restiform body, and are frequently connected at one or two places to the main
nucleus. The inner accessory nuclei are sometimes termed the pyramidal nuclei,

for they lie immediately behind the pyramid. The root-bundles of the hypoglossal

nerves generally pass between them and the chief olivary nucleus after traversing

the olivary peduncle, but sometimes the nerve pierces the chief nucleus near its

mesial edge.

Other small collections of grey matter and nerve-cells are scattered in

certain parts of the formatio reticularis, as well as one or two distinct

tracts in connection with the external arcuate fibres, and a considerable

amount in the median septum or raphe. These three structures may
therefore next be described.
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The formatio reticularis (figs. 267, 268,/.r.) occupies the vrhole of

the anterior and lateral areas of the medulla, dorsal to the pyramids and
olives respectively. It is thus named on account of the appearance which
it presents in a transverse section viewed under a moderate magnifying-

power (fig. 270). This reticular appearance is caused by the intersec-

tion of bundles of fibres belonging to two sets which run at right angles

Fig. 270.

Fig. 270.

—

Part op the reticular formation of the medulla oblongata (Henle).

r.a., reticularis alba; r.g., reticiilaris grisea; between them a root-bundle of the

liypoglossus (XII). The longitudinal fibres of the reticular formation are cut across ;

the transversely coursing fibres are internal arcuate fibres, passing on the right of the

figure towards the raphe.

to one another. Those of the one set are longitudinal, and these are

intersected by transverse fibres, which pass obliquely from the raphe

outwards and somewhat backwards with a curved course towards the

fimiculus gracilis and funiculus cuneatus, and the olivary nucleus ; and
also in the upper part of the mediiUa, towards the restiform body.

In some parts grey matter with nerve-cells enters into the constitution

of the formatio reticularis. The cells are especially large and numerous
in the reticular formation of the lateral area near the remains of the

anterior cornu; and its grey matter is presumably derived in great
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measure from the Tatter. In the anterior or mesial area of the medulla,

nerve-cells are absent from the formatio reticularis, and this is therefore

sometimes distinguished as the formcdio reticularis alia (fig. 270, r.«.),

from the other ot formatio reticularis grisea (r.ff.).

The longitudinal fibres of the reticular formation of the anterior area (with
the exception of those which occupy the tract nearest to the pyramids), are pro-

longed from the remainder of the anterior column of the spinal cord after the
passage of the anterior (direct) pyramidal tract into the outer side of the pyramid.
Those nearest the pyramids are derived from arched fibres which issue from the
nuclei of the funiculi graciles and from the olives, and turn longitudinally

upwards in this part. Those of the reticular formation of the lateral area are

prolonged from the remains of the lateral column after the lateral pyramidal
tract and the lateral cerebellar tract have passed to their respective destinations.

They are added to as we trace them upwards in sections, the increase being due
either to the turning upwards of some of the inner curved fibres, or to the
accession of fibres which are derived from nerve- cells in the grey matter near the
posterior surface, or in the grey reticular formation.

According to Deiters, the axis-cylinder processes of the nerve-cells of the
reticular formation all pass downwards, while their branched processes are directed

horizontally.

The arciform or arcuate flibres of the medulla, which have been
more than once alluded to, are the curved fibres Avhich are seen in trans-

verse sections coursing in the plane of the section. From their position

they are distinguished into external and internal, or superficial and deep.

The sujperficial arcuate fibres {f.a.e, in fig. 2G8) emerge for the most
part from the anterior median fissure, and passing over the pyramids
and olives, many of them go to the restiform body. They are added to

by deep fibres which come to the smface partly in the groove between
the pyramids and olives, partly after passing through the olives, as

before mentioned. Traced back in the anterior median fissm-e they are

seen to enter the raphe, and to cross over in it ; after which it is sup-

posed that they may become longitudinal, but their fm'ther com^se is not
certainly known.
The deep arcuate fibres emerge from the raphe, and traverse the

thickness of the medulla, tending towards the olives, the restiform body,
and the nuclei of the cuneate and slender funiculi. As we have just

seen, those which pass through and in fi'ont of the olives are in continuity
with the superficial arcuate fibres.

Traced backwards into the raphe, the deep arcuate fibres appear to cross
obliquely to the other side of the medulla, where in all probability they mostly
become longitudinal, joiaing the fibres of the formatio reticularis alba. Others
are said to turn upwards and become longitudinal before reaching- the raphe.
The cells of the fomiatio reticularis grisea are probably connected with some of
the deep arcuate fibres.

Nuclei of the surerficial arcuate fibres.—Amongst the superficial arcuate
fibres, or between them and the subjacent columns of the medulla, small col-

lections of gi-ey matter with nerve-cells are here and there met with, which are
distinguished by the above name. The principal group of cells lies superficial to
the pyramid on either side (figs. 267, 268, n.ar.). The nerve-cells of these nuclei
are connected partly with the arciform fibres, partly with the fibres of the adja-
cent pyramid.

The raphe or septum (fig. 268, r) is composed of fibres which run
in part dorso-ventraUy (fibrjB rectse), in part longitudinally, and in part
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across the septum more or less obliquely. Intermixed amongst the nerve-

fibres are a number of nerve-cells in grey matter. The fibrte rectse are

continuous anteriorly with the superficial arched fibres, which emerge at

the anterior median fissure
;

posteriorly Avith fibres from the funiculi

graciles in the lower part, and from the nuclei of the funiculi teretes in

the upper part of the medulla. The longitudinal are chiefly fibres which
have |)assed into the raphe as fibras rectse or as superficial or deep

arcuate fibres, and in it have altered their direction and become longi-

tudinal. The obliquely crossing fibres are the deep arched fibres which
enter or emerge from the raphe. Others, however, near the dorsal edge

of the raphe seem to come from the nuclei of the nerve-roots, and these

may pass more directly across as commissural fibres either into the for-

matio reticularis or into the pyramid of the other side, in either case be-

coming longitudinal. The nerve-cells of the raphe are multipolar cells,

those in the middle being chiefly spindle-shaped. The latter are con-

nected with fibrte rectse (Clarke), whilst the more laterally situated ones,

at least those near the anterior median fissure, are connected with some
of the superficial arcuate fibres.

Course of nerve-fi"bres from the spinal cord upward through
the medulla oblongata.—Assuming for convenience of description the

existence of three white columns of the spinal cord on each side, the

various parts of these are continued upwards as follows :

—

The ijosterior column forms in the medulla oblong-ata the white

substance of the three posterior funiculi ; viz. the f. gracilis, f. cuneatus

and f . Rolandi. The longitudinal fibres of the first two appear to end
in the grey matter which forms their nuclei ; and nmnerous deep arcuate

fibres enter or emerge from the same collections of grey matter.

The cuneate funiculus, has been commonly described as passing up into the

restiform body, but it seems doubtful if any of its fibres do actually take part in

the constitution of that body, although from the surface the funiculus in question

and the restiform body appear to be in continuity with one another.

A large part of the lateral column of the cord, viz., the lateral

pyramidal tract (fig. 264, ' x ), passes into the opposite pyramid of the

medulla and ascends in this and in the ventral half of the pons towards

the peduncle of the cerebrum. Together with the small part of the

anterior column of the cord which also enters into the constitution of

the pyramid, it forms the pyramidal tract of the encephalic isthmus of

Plechsig (peduncular tract of Meynert). Some of the fibres of the

pyramid, however, emerge as external arcuate fibres, and joining the

restiform body pass to the cerebellum. A smaller part of the lateral

column of the cord, the direct lateral ceretellar tract (fig. 264, r), passes

at about the middle of the medulla obliquely backwards to join the

restiform body.

The rest of" -the lateral column dips under the olives and forms the

longitudinal fibres of the reticularis grisea. These are continued

through the dorsal parts of the encephalic isthmus towards the corpora

quadrigemina and optic thalamus.

The anterior column of the cord (fig. 264, a) in part is continued into

the pyramid of the same side, but chiefly dips under the j)yi'amid and
forms the longitudinal fibres of the reticularis alba in the dorsal part of

the mesial area. These pass upwards towards the cerebrum. In the pons

Varolii one tract of them becomes collected into a well marked fasciculus
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(posterior longitudinal bundle), and most of the others form another

tract (tract of the fillet) which terminates in the region of the corpora

quadrigemina ; the further destination of these will be afterwards noticed.

In the region of the medulla, they are indistinguishable from one another

in the adult, but in the foetus they are found to developc at diiferent

periods and are then readily differentiated (Flechsig).

A small btindle of fibres of the anterior column of the cord was described by-

Solly as passing obliquely xip-^^ards below the olive, to join the rcstiform Ijody.

This is not always present.

THE CEREBELLUM AND POTTS.

The part of the encephalon which lies next above the medulla oblongata

encircles the upper part of the fourth ventricle. Unlike what is found
iu the lower part of the ventricle, where the dorsal wall or roof is formed
merely by a prolongation of the epithelium which hnes the floor and
sides, in this upper part of the ventricle the roof has become developed

into a large and complicated organ termed the cerebellum, which consists

of a smaller central part, and two large lateral hemispheres. These are

united around the ventral or anterior aspect of the cavity by a strongly

marked bundle of fibres which issues on either side fi-om the hemisphere

as its so-called middle peduncle, and encircles and partly blends with
what is practically a continuation upwards of the medulla oblongata, the

whole forming a well-marked projection and thickening of the ventral

wall of the fourth ventricle, known as the pons Varolii. Two othei- pairs

of peduncles issue from the lateral hemispheres of the cerebellum, the

inferior one passing downwards to the medulla, as the restiform body,

the other or superior pair of peduncles being directed ui3wards and
forwards towards the cerebrum.

THE PONS VAHOLII.

The pons Yarolii or tuter annulare forms a prominence marked by
transverse fibres above and in front of the medulla oblongata, and between
the lateral hemispheres of the cerebellum (fig. 271). Its ventral surface

and upper and lower margins are arched, the superior much more so than
the inferior ; and at the sides its transverse fibres are gathered together

into a compact mass, which passes into the cerebellum, and is named the

middJo crus or ])edunde of the cerelellum. Along the middle of its ventral

surface the pons has a shallow groove along which the basilar artery

runs, and it is perforated by small branches of the artery. The groove
is in some measure due to the ckcumstance that the pyramids of the

medulla iu being continued up through the pons with a slightly diver-

gent course produce a prominence on either side of the middle line,

covered however by the superficial transverse fibres.

The pons consists ventrally of transverse or commissm'al fibres, between
which the longitudinal fibres prolonged upwards from the medulla ob-

longata pass ; together with a large intermixture of grey matter. The
superficial fibres on the ventral surface (fig. 272, po") are transverse in

their general direction, but while the middle fibres pass directly across,

the lower set ascend slightly, and the superior fibres (fig. 271, «), which
are the most curved, descend obliquely to reach the crus cerebeUi on each
side ; some of the upper fibres cross obliquely the middle and lower
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ones, so as to conceal them at the sides. When the superficial trans-

verse fibres are removed, the prolonged fibres of the anterior pyramids
come into view ; these, as they ascend through the pons, are separated

into smaller bundles (figs. 272, 273, 274, j??/), intersected by other trans-

verse white fibres, which, with those upon the surface, are all continued

into the middle peduncle of the cerebellmn.

Fig. 271. Fig. 271.

—

View op the anterior surface
OF THii PONS Varolii and medulla oblon-
gata, WITH A SMALL PART OF THE SPINAL

CORD ATTACHED

a, a, pyramids ; 0, their decussation ; c, c,

olives ; d, d, restiform bodies ; e, external arci-

form fibres, curving round the lower end of the

olive
; /, fibres described by Solly as passing from

the anterior column of the cord to the cere-

bellum
; g, anterior column of the spinal cord

;

h, lateral column
; 2^> pons Varolii ; i, its upper

fibres ; v, v, roots of the fifth pair of nerves.

At the lower part of the pons, behind
the fibres from the anterior pyi'amids,

is a special set of transverse fibres (fig.

264:, 23", fig. 272, t), named the frajje-

ziimi—so called because in most of the

lower animals, in which the more veu-

trally situated fibres of the pons are not

developed and the pyramids are small,

these transverse fibres partially appear
on the surface between the pyramid-bundles in an area of a somewhat
four-sided shape. Laterally they curve round a collection of grey matter
behind them, called the superior olivary nucleus (fig. 272, o.s.), and
probably many of them are connected with its cells. They then com'se

outwards, across the bundles of the facial nerve-roots (F/J), and in front

of the upward prolongation of the substantia gelatinosa of the tubercle

of Eolando and the bundles of fibres belonging to the ascending root of

the fifth nerve {a.V), to join the middle peduncle of the cerebellum.

Between the bundles of fibres of this ventral portion of the pons grey

matterwith small multijDolar nerve-cells is everywhere found {nucleipontis).

It is probable that many of the transverse fibres are connected with these

cells, and it may be that a cell is connected at one part with a transverse

or commissural fibre, and at another sends a process to reinforce the

longitudinal fibres of the pyramidal tract ascending through the pons

;

but the same fibres do not appear to turn upwards, for the transverse

fibres are smaller than the longitudinal. The interspersed grey matter

seems to correspond to that which is found between the arcuate fibres of

the medulla.

The posterior or dorsal portion of the pons is chiefly constituted by a

continuation upwards of the formatio reticularis and of the grey matter of

the medulla oblongata. As in the latter, there exists here also a median
septum or raphe, which is similar in structure to that of the medulla.

It does not extend through the ventral half, being obliterated, or nearly

so, by the great development of the transverse or commissmal fibres,

except near the upper and lower borders where the superficial transverse
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fibres of tlie pons turn in at the middle line ; and especially at the upper

border where bundles of the same fibres encircle the crura cerebri as they

emerge from the pons.

In the reticular formation, in addition to the scattered and reticularly

arranged grey matter with nerve-cells everywhere met with, there are

Fig. 272.

Fig. 272.

—

Section across the pons at about the middle op the fourth ventricle
(after Stilling and Schwalbe). f

fy, pyramicl-bimdles continued w^ from the medulla
;
po, transverse fibres of the pons

passing from the middle cms of the cerebellum, before (po") and behind (jm') the chief

pyramid bundles ; t, deeper fibres of the same set, constituting the trapezium ; the grey

matter between the transverse fibres is not represented either in this or in the following

figures ; r, raphe ; o.s., superior olivary nucleus ; a. V, bundles of the ascending root of

the fifth nerve, enclosed by a prolongation of the grey substance of Rolando ; VI, the sixth

nerve ; n. VI, its nucleus ; VII, the facial nerve ; Vila, intermediate portion of the

same nerve ; n. VII, its nucleus ; VIII, superior root of the auditory nerve ; ii. VIII,
pai-t of its outer or superior nucleus ; v, section of a vein.

one or two more important collections which lie embedded in this form-
ation and from which nerve-fibres arise. One of these is the superior

olivary nucleus, another is the nucleus of the seventh or facial nerve,

and others give origin to portions of the fifth nerve.

The superior olivary nucleus (fig. 272, o.s.) is a collection of small

nerve-cells, which lies behind the outer part of the trapezium, in what
would correspond (as indicated by the passage outwards of the roots of

the sixth and seventh nerves) to a prolongation of the lateral area of the
medulla. In man it is very much smaller than the inferior olivary

nucleus, to which it does not present much resemblance. In some
animals, however, it is larger, and has a distinctly sinuous outline.

From it, as above mentioned, some of the fibres of the trapezium arise.
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The nucleus of the facial nerve {n. VII) lies in the reticular forma-
tion just dorsal to the superior olivary nucleus, and at some depth, there-

fore, below the floor of the fourth ventricle. It begins to be visible in

sections immediately above the medulla oblongata, and extends three

or four millimeters upwards.

The motor nucleus of the fifth nerve (Lockhart Clarke, fig. 273,
nV) comes to view above that of the facial, but it is less deeply situated,

lying a little below the lateral angle of the fourth ventricle. Both it

and that of the facial contain laro;e nerve-cells.

Fig. 273. — Oblique transvekse
SECTION OP THE PONS ALONG THE
LINE OF EXIT TRAVERSED BY THE
FIFTH NERVE (E.A.S. )• j

The section passes tliroiigli the
lower part of the motor nucleus

(n'V) from which a bundle of fibres

of the motor root is seen passing

;

a part of the upper sensory nucleus

(nV) is also shown in the section

in the form of a number of small

isolated portions of grey matter.

Amongst these are a few bundles of

the ascending root cut across, but
most of these have already become
diverted outwards to join and assist

in forming the issuing part of the

main or sensory root, V; ar, arcuate

fibres near the fourth ventricle, which
come partly from the raphe, partly

isom a small longitudinal bundle of

fibres (I) near the median sulcus

(m.s.), and pass outwards to join

the root of the fifth nerve; f.r.,

formatio reticularis ; r., raphe ; s.f.,

substantia ferruginea.

The upper sensory nucleus of the fifth nerve (n. V) lies on the

outer side of the motor root. The cells are small and arranged in clusters

separated by the fasciculi of origin of the nerve-root. This nucleus

extends somewhat farther, both above and below, than the motor
nucleus.

The rest of the grey matter of the pons lies near the dorsal surface

and appears in the floor of the upper part of the fourth ventricle.

Besides scattered nerve-cells, others are collected at certain parts into

definite groups or nuclei from which some of the remaining cranial

nerves take oji'igin. Like the similarly placed nuclei in the medulla

oblongata, these also do not lie close to the epithelium which covers

the smface, but are separated from it by a layer of gelatinous substance

(neuroglia) fr-ee from nerve-cells, termed the cpendyma of the ventricle.

The inner or principal nucleus of the auditory nerve (fig. 269,

n. VIIIp.), Avhich lies under the tuberculum acusticum, is prolonged

upwards underneath the strife acusticse into the pons. It is widest

at about the junction of the medulla and pons, where it extends almost

to tlic middle line ; fm^ther up it rapidly narrows and becomes shifted

towards the lateral bomidary of the ventricle as the nucleus of the
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sixth nerve makes its appearance between it and the median sulcus.

Its cells are small, and it is much broken up by the passage through it

of fine transverse nerve-fibres.

The outer or superior nucleus of the auditory nerve (nucleus of

Deiters, Lam*a) (fig. 272, n.VIII), is characterized by the large size of
its cells, and lies immediately on the outer side of the main nucleus. It

does not begin to be visible so far down as this, but is continued as far

upwards, rather increasing in size superiorly, whereas the main nucleus

Fig. 274.

—

Transteese section through the upper part of the pons (Sclawalbe,

after Stilling). Eather more than twice the natural size.*

p, transverse iibres of the ]pons
; py, py, btmclles of the pyramids ; a, boundary line

between the tegmental part of the pons and its ventral part ; V, oblique fibres of the

fillet, passing towards I, P, longitudinal fibres of the fillet ; f.r., formatio reticularis

;

p.l., posterior longitudinal bundle; s.c.p., superior cerebellar peduncle; v.m., superior

medullary velum ; I, grey matter of the lingula ; v. 4, fourth ventricle ; in the grey matter

which bounds it laterally are seen, V.d. , the descending root of the fifth nerve, with its

nucleus ; s.f., substantia ferruginea
; g.c, group of cells continuous with the nucleus of

the aqueduct.

diminishes. It is much broken up by longitudinal fibres. The con-

nection of this nucleus with the auditory nerve is called in question by
Laura.

The accessory nucleus of tlie auditory nerve is represented in the

upper part of the medulla by a collection of nerve-cells lying in the angle

between the restiform body and the two portions of the posterior root of

* The details of this and of several of the preceding figui-es are filled in under a some-
what higher magnifying power than that used for tracing the outlines.
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the nerve (fig. 2G9, n.VIII.ac). But the chief part of the nucleus is

placed higher U]3 in the region of the pons on the outer side of the

anterior root. It is remarkable for the fact that its cells, which are

small and rounded but multipolar, are enclosed like those of the spinal

ganglia each in a nucleated capsule.

The nucleus of the sixth nerve (common nucleus of the sixth and
seventh of some authors) consists of a tract or column of large multi-

polar cells lying on either side of the median sulcus (fig. 272, n.Vl).

It corresponds to the jiart of the fasciculus teres which lies in front of

the strise acusticfe on the floor of the fourth ventricle. It has a close

relation to the root of the facial ; which runs along its m'esial side (Vll.a),

curves round it eventually, and appears to receive some fibres from it,

but it is somewhat doubtful if this is really the case (Growers). Its cells

are smaller than those of the facial nucleus.

Upper portion of the fourth ventricle.—The floor or anterior

boundary of the upper portion of the fourth ventricle, close to which the

above nuclei are for the most part situated, is marked in the middle of

each lateral half by a distinct somewhat angular depression in a line with

Fig. 275. Fig. 275.

—

Antekior boundary (floor) of the fourth ventricle
(E.A.S.). NATURAL SIZE,

in.s., median sulcus ; str., strise acusticte, marking tlie limit

between the upper part of the ventricle and the lower or meduUaiy
pai-t, calamus scriptorius ; 1. 7:, lateral recess; i.f., inferior (pos-

terior) fovea; a.c, ala cinerea ; t.cc, acoustic tubercle; s.f.,

\str superior (anterior) fovea, close to the lateral margin of the anterior

part of the ventrtcle.

^^ the inferior fovea, from which it is separated by the emi-

nence over which the striffi acusticbe pass. This depres-

sion is termed the superior fovea (s.f). Between it and
the median sulcus is the prolongation of the fasciculus or

eminentia teres, which is prominent opposite the fovea

but becomes gradually less so above and below. Extending from the ante-

rior fovea to the upper end of the ventricle, where this narrows to the

Sylvian aqueduct, is a shallow depression distinguished in the adult by
its dark grey or slaty tint, which is due to a subjacent tract of pig-

mented nerve-cells (sitbstantia ferruginea). It is known as the locus

co&ruhus.

The lateral boundaries of this part of the ventricle are formed by the

superior peduncles of the cerebellum (fig. 274, s.cp., fig. 282, 5). These

pass gradually to the roof of the ventricle as they extend forwai'ds and
upwards. They are at first separated from one another by a tolerably

wide interval which, however, gradually narrows near the end of the

ventricle, the two crura of opposite sides there approaching one another,

and their margins coming in contact. The triangular interval between

the two crura is bridged over by a lamina of white matter marked
across with grey streaks. This is the superior (anterior) medullar

y

velum or valve of Vieussens (fig. 274, v.m.a. in transverse section), and,

with the crm'a, forms the posterior boundary of the upper part of the

fourth ventricle. The white substance of which it is mainly composed
is marked superficially by three or four flat transverse grey laminae, with

intervening sulci, which together constitute the so-called lingula (fig. 2G3,

Ing). This is continued laterally and posteriorly into the grey cortex



CEEEBELLUM. ?05

of the cerebellum, while the subjacent white substance of the rehim is in

direct continuity with the central white matter of the cerebellum, into

which a pointed tent-shaped projection of the roof of the ventricle

extends (fig. 279, F4, in longitudinal section). This projection is

bounded below by the inferior (posterior) meduJlarij velum, which in

like manner is prolonged from the white substance of the central part

of the cerebellum. It is less eQ,sily displayed than the superior yelum,

being concealed by a part of the cerebellum, which is attached to its

under or posterior surface. It Avill be further noticed in the description

of the cerebellum.

THE CEREBELLUM.

The cerebellmn or hinder brain (fig. 276) consists of two lateral hemi-

s])heres joined together by a median portion called, from the peculiar ap-

pearance caused by the transverse furroAvs or ridges upon it, the worm
or vermiform process. This is seen on the under surface in the fossa

between the hemispheres as a well-marked projection, named the inferior

vermiform process, but above forms only a slight elevation, the superior

vermiform process (fig. 277, sv). In bii'ds, and in anunals lower in the

scale, this middle part of the cerebellmn alone exists, and in mammals it

is the first part to be developed ; moreover, in most mammals it forms

a central lobe very distinct from the lateral portions.

Fig. 276.

Fig. 276.

—

Lower sueface of the cerebellum with the inferior (posterior)

MEDULLARY VELUM (Allen Thomson after Eeil and Reichert, and from nature), f

Tlie medulla oblongata is cut across near the pons Varolii ; and tlie latter has been

separated somewhat from the cerebellum in order to bring into view the posterior

medullary velum. To display this better the amygdalee have been removed.

p s, posterior superior lobe
; / h, horizontal fissure

; p i, posterior inferior lobe
;

g, slender lobe ; i i, biventral lobe ; c to oi, inferior vermiform process, on which are,

c, tuber valvulse, p, pyramid, u, uvula, n, nodule (the letter is placed in the fourth

ventricle)
; /, flocculus ; p v, on each side, placed on the cnt surface where the amygdalce

have been removed, points by a line to the lateral part of the inferior medullary velum
;

its median part is continuous with the anterior surface of the nodule ; v, v, cavity of the

fourth ventricle ; the cavity extends on each side into the lateral recess ; vi, medulla
oblongata.; V, YI, roots of the fifth and sixth cranial nerves.

The hemispheres are separated behind by a deep notch. The upper
vermiform process, though sKghtly elevated, is not marked oflP from the
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hemisplieres, so that the upper surface of the organ, which is somewhat
flatteued iu the middle and sloping dowmward on each side, is uninter-

rupted. Below, the hemispheres are convex, and are separated by a deep

fossa, named the vallecula, which is continuous with the notch behind,

and in it the inferior vermiform process (fig. 276, c to n, fig. 278, 2, 2)

lies concealed in a great measure by the surrounding parts. Into

this hollow the medulla oblongata is received in front, and the falx

cerebelli behind.

Fig. 277. Fig. 277. —Outline of the xtpper

SUKFACE OP THE CEREBELLUM.
(Allen Thomson.

) 5

At the Tipper part of the figure

the crura cerebri and parts behind
them have been cut through and left

in connection with the cerebellum.

Ill, the third pair of nerves lying

upon the crura cerebri ; c r, white
matter or crust of the crura cerebii

;

I n, locus niger ; t, tegmentum con-

taining grey matter in the upper
part of the crura ; a s, aqueduct of

Sylvi'us
; q, corpora quadrigemiim,

the letter is placed on the central

lobe of the cerebellum ; s v, superior

vermiform process ; Z ^ is placed on
the anterior crescentic lobe, which,

with the sickle-shaped posterior crescentic lobe immediately below, forms the antero-

superior or quadrate lobe; p s, postero-superior lobe; f h, horizontal fissure; pi,
postero-inferior lobe ; n, the notch between the hemispheres.

The greatest diameter of the organ is transverse, and extends to about

three and a half or four inches : its Avidth from before backwards is

about two or two and a half inches ; and its greatest depth is about two
inches, but it thins out towards its lateral border.

Iiobes.—The cerebellum is characterised by its laminated or foliated

appearance, its surface being everywhere marked by deep, closely set, trans-

verse and somewhat curved, fissures, which extend a considerable dejith

into its substance, but do not all entirely encircle the organ, for many of

them coalesce with one another, and some of the smaller furrows have

even an oblique course between the others. Moreover, on opening the

larger fissures, many folia are seen to lie concealed within them, not

reaching the surface of the cerebellmn. Some of these fissures are better

marked than others, the most conspicuous being the great Iwrkonial

fissure (figs. 276, 277, fh), which beginning in fi'out at the middle

peduncle, extends round the outer and posterior border of each hemi-

sphere, dip23ing down into the posterior notch to unite with its fellow in

the middle line. This fissure divides the cerebellum into an upper and
lower portion,'corresponding in fact to the uj)per and lower surfaces, in

each of which several lobes, separated by fissures for the most part

deeper than the rest, are described as follows :—
1. On the upper surface of the cerebellum. The central lobe, (fig. 277, q),

consists of about eight folia, immediately adjoining the anterior con-

cave border ; it is overlapped and partly concealed by the next lobe. Its

central part is continued upwards on to the superior medullary velmn, in

the form of three or four shallow transverse laminae, which together con-

stitute a structm-e which is termed from its shape the lingula (fig. 263,
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Ing). The anfero-SKperwr lohe, sometimes called quadrate, and the

postero-superior hie, are placed between the central lobe and the great

horizontal fissure. The quadrate lobe has a comparatively narrow part

marked off fi'om it posteriorly which is sometimes distinguished as the

foderior crescenik loie, the rest of the quadi'ate being then desigTiated

the anterior crescentk lobe (see description of fig. 277). These lobes and
the intervening fissures, are all prolonged on to the superior vermiform
process, where they are less marked than on the hemispheres. More-
over, the laminae on that become reduced in number, the posterior

superior lobe being, indeed, represented on the worm only by a single

well-marked lamina, the so-called /o//i«?i cacuminis (fig. 277, below c).

2. On the under surface of the cerebellum, a. On the lateral hemi-
spheres. From behind forwards ai'e eumnerated the posterior inferior

lobe (fig. 276, pi), the slender lobe (fj), the biventral lobe (bi), the

amygdala (fig. 278, 4) and ih.Q flocculus {^g. 276,/). The first three

are of considerable extent ; the amygdala is a small rounded lobule, pro-

jecting into the vallecula^ and abutting against the inferior vermiform
process, and the flocculus is a still smaller lobule which is partly con-

cealed by the biventral lobe, between which and the middle peduncle it

appears in the form of a fluted projection attached by a slender pedicle,

which is traceable mesially into the edge of the inferior medullary velum
(see below).

Fig. 278.

Kg. 278.

—

Inferior surface of the cerebellum with the pons Yarolii and
MEDULLA OBLONGATA (from Sappej after Hirschfeld and Leveille). f

1, placed in the notch between the cerebellar hemispheres, is below the inferior vermi-

foi-m process ; 2, 2, median depression or vallecula ; 3, 3, 3, the biventral, slender, and
postero -inferior lobules pf the hemisphere ; 4, the amygdala ; 5, flocculus or sub-

peduncular lobule ; 6, pions Varolii ; 7, its median groove ; 8, middle peduncle of the

cerebellum ; 9, medulla oblongata ; 10, 11, anterior part of the great horizontal fissure;

12, 13, smaller and larger roots of the fifth jiair of nerves; 14, sixth pair; 15, facial

nerve; 16, pars intermedia; 17, auditory nerve; 18, glosso-pharjTigeal ; 19, pneumo-
gastric ; 20, sxnnal accessory ; 21, hyijoglossal nerve.

b. On the inferior vermiform process. Situated most j)Osteriorly is

the tidjer valvulce, (fig. 276, c), consisting of a few folia which unite the

postero-inferior, and slender lobes of the two sides. In front of this is a

conical projection named the j;?/ra??Wf/ (jj), connected laterally with the
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biventral lobes. Xext is another smaller projection, the nvula (u)^

which is placed Ijctween the amygdalse (removed at p v) ; these terms
having been suggested by a comparison with the parts so named in

the throat. The connecting ridge of grey matter between the nvula
and amygdalae on each side, but concealed from view, is named the

furrowed land. The pointed termination of the inferior vermiform
process is named the nodtde (fig. 276, above oi), and corresponds to the

tlocculi at the sides. On each side of the nodule is the lateral part of

the inferior (posterior) medullary velum {p v), appearing as a thin white

lamella of a semilunar form, which is continuous by its superior conves
border with the central white substance of the worm, while the lower

concave border is free, or at least continuous only with the thin epi-

thelial covering which forms the hinder boundary (roof) of the lower part

of the fourth ventricle, covering the pia mater and its choroid plexuses.

The outer ends of these lateral lamellae are attached to the flocculi, and

Fio;. 279.

Fig. 279.

—

Right half of the encephalic peduncle and cerebellum as seen from
THE JNSIDE OF A MEDIAN SECTION (Allen Thoiiison after Reichert).

The following letters refer to parts in connection with the medulla, pons, and cere-

bellum ; PV, pons Varolii divided in the middle ; M, medulla oblongata ; c, central

canal, divided longitudinally, with grey substance surrounding it ; V4, middle of

the fourth ventricle. In the cerebellum, a v, stem of white substance in the centre

of the middle lobe of the cerebellum, ramifying into the arbor vita? ; s v, superior

vermiform process or upper portion of the middle lobe ; s c, single folium (folium

cacuminis), which passes across between the postero-superior lobes ; c', the tuber valvule ;

'p, pyramid ; u, uvula ; n, nodulej 1 to 2, laminoe of the antero-superior lobe ; between

V-i and 1 are seen the lingula and central lobe in section ; 3, postero-inferior lobe ; 4,

lobulus gracilis ; 5, biventral lobe ; 6, amygdaloid lobe.
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the inner ends to the anterior surface of the nodule, and to each other just

below that projection. The posterior velum thus constituted is covered

in and concealed by the amygdalEe, and cannot be seen until those lobules

have been turned aside or removed as shown in the figure (fig. 276).

Internal structure of the cerebellum ; arrangement of the
grey and white matter.—The central part both of the worm and
hemispheres is composed of white substance, which sends out divergent

nnd gradually thinning layers into the interior of all the laminte, larger

and smaller, the grey substance forming everywhere a continuous cover-

ing on their surface (fig. 280). In consequence of this arrangement of

the white and grey substances, sections of the cerebellum crossing the

laminge present a beautifully foliated or arborescent appearance, named
arhor vitm (a v, fig. 279). This aj)pearance is seen in any vertical

section, but it is most perfect in that which passes through the median
plane, where the relative quantity of the central white matter is small.

The foliations are arranged somewhat pinnately, the section of each

primary lamina having those of secondary laminie clustered round it like

leaflets on a stalk.

The main branches of the white medullary substance, or groups of

them, correspond with the lobules above enumerated, as indicated in the

figures (figs. 279 and 280).

In the lateral hemispheres, with which the peduncles are connected,

the white matter is more abundant than in the Avorm (fig. 280) ; and, if

Fig. 280. — Section Fig. 280.

THROUGH ONE OP

THE HE5IISPHEEES
OP THE CEREBELLUM,
TO SHOW THE ME-

DULLARY CENTRE
AND ITS PROLONGA-
TIONS INTO THE
PRIMARY LAMELLA
<Scliwalbe).

11. d., dentate iiii-

eleus in tlie medullary

centre of the hemi-

sphere. From the latter

proceed 13 primary
medvillary laminae. Of

these 1 belongs to the

amygdala, i? to the biventral lobule, 3 and 4- to the postero-iuferior lobule, 5 to the pos-

tero-superior lobule, 6' to 13 to the antero-superior lobule, and 13 to the lateral part of

the central lobule, a, one or two small laminte at the bottom of the great horizontal fis-

sure ; b, fissure between the two parts of the quadrate lobule
;. /, stalk of the flocculus,

a section be made through either hemisphere half way between its centre

and the middle of the vermiform process, it will display a nucleus of grey

matter, which is named the corpus dentatum of the cerebellum (n d).

This structure, very similar to that already described in the olivary body
of the medulla oblongata, presents the appearance of a waved line of

compact yellowish brown substance, containing white matter within.

The line is interrupted at its upper inner part. In whatcAer direction

the section is carried through the corpus dentatum, the outline has the
same waved character, so that the dentate nucleus may be described as

consisting of a plicated pouch or capsule of grey substance open at one
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part and inclosing white matter in its interior, like the nucleus dentatus

of the olivary body. The fibres which issue from it may be traced to the

superior peduncles of the cerebellum and to the valve of Yieussens.

In addition to the corpus dentatum certain other portions of grey matter, which
have been only more recently recognised, are found in the white centre of the

cerebellum (Stilling). They are three in number on each side and are termed
respectively the nucleus emboliformis, nucleus globosus, and nucleus fastigii. The
nucleus emJjoliformis (fig. 281, ») is a small clavate mass of grey substance lying

mesially to and partly covering the hilus of the dentate nucleus. On the inner

side of the nucleus emboliformis, and at a somewhat lower level, is a streak of

grey matter passing antero-posteriorly and ending behind in an enlarged ex-

tremity. This has been named the nucleus gloiosus (>/). Finally, close to the middle
line, where it is only separated from its fellow by a narrow septum of white
matter, is a rather larger portion of grey substance, which lies in the anterior

part of the white centre of the worm, and close to the upper wall of the tent-

like projection in the roof of the 4th ventricle. It is termed the nucleus

fastigii (c). These several portions of grey matter are not entirely isolated, but are

connected here and there both with one another and with the dentate nucleus.

Fig. 281.

Ccc!

Fig. 281.

—

Horizontal sec-

tion THEOtrUH THE WHITE
CENTRE OF THE CEREBELLUM,
SHOWING THE NUCLEI OF
GREY MATTER (from Hcnle,

after Stilling, f

The section is taken just

over the roof of the fourth

ventricle. The nuclei are re-

presented lighter than the

white matter in which they
are embedded.
G d, corpus dentatum ; x,

nucleus emboliformis
; y, y,

nucleus globosus; z, nucleus

fastigii. Above the two coa-

lesced roof-nuclei are seen

some of the fibres of the

sinjerior (anterior) decussa-

tion, and above these again

the laminffi and furrows of the
lingula (L g) ; whilst below
the roof-nuclei one or two
laminae and furrows of the
inferior vermiform process are

included in the section. Ccq,

superior cerebellar peduncle.

The cerebellar pe-

duncles are constituted by white fibres which pass out from or into

the white medullary substance of the hemispheres.

The superiorpeduncles (crura ad cerebrum) emerge from the mesial part

of the medullary substance of the hemispheres, and run upwards and
forwards towards the base of the corpora quadrigemina, under which
they disappear. They are situated at first more at the side, but subse-

quently in the roof, of the upper part of the fourth ventricle. These
peduncles are concealed by the anterior part of the cerebellum, so that

to see them properly this must be divided in the middle line and
turned aside. When this is done the superior crura, with the superior
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(anterior) medullary velum stretched out between them, are brought to

view.

The middle peduncles (crura ad pontem) constitute the commissure of

the cerebellar hemispheres. They emerge from the lateral part of the

white substance of the hemisphere, and pass forwards to become the

transverse fibres of the ventral half of the pons.

The inferior pedundes (crura ad meduUam) issue from the white

matter of the lateral hemispheres, between the other two, and pass

forwards immediately outside the superior peduncles to reach the lateral

wall of the fourth ventricle. Here they turn sharply downwards, at a

right angle, and become the restiform bodies of the medulla oblongata.

Fig. 282.—FiGiTRE snowisa Fig. 282.

THE THREE PAIRS OF CERE-

BELLAR PEDUNCLES (from

Sappey after Hirschfeld and
Leveille).

On the left side the tlu-ee

cerebellar peduncles have been

cut short ; on the right side

the hemisphere has been cut

obliquely to show its connection

with the superior and inferior

peduncles.

1, median groove of the

fourth ventricle ; 2, the same
groove at the place where the

auditory strice emerge from it

to cross the floor of the

ventricle ; 8, inferior peduncle

or restiform body ; 4, funi-

culus gracilis ; 5, superior

peduncle ; on the right side

the dissection shows the

superior and inferior peduncles

crossing each other as they

pass into the white centre of the cerebellum ; 6, fillet at the side of the crura cerebri

;

7, lateral grooves of the crura cerebri ; 8, corpora quadrigemina.

MINUTE SOJRTJCTURE OF THE CEREBELLUM.

The cortical grey substance is composed of two distinct layers,

viz. :—an outer clear grey layer, and an inner greyish-red "granule"
layer. At the junction of the two is an incomplete layer of large cells,

termed the corpuscles of Purldnje. Outside all is the pia mater, fi'om

which vascular processes extend inwards into the nervous substance.

The outer layer (fig. 283, V) consists of a delicate matrix, apparently of

the nature of neuroglia, containing cells and fibres. Most of the fibres

have a direction at right angles to the surface ; the greater number of them
are the processes of the large nerve-cells which lie between the two layers.

Others are fine tapering fibres, analogous to the sustentacular fibres of
the retina, and abutting by a broad base against the inner surface of the

pia-mater. The cells of this outer layer are granule-like bodies, some very
small, and belonging probably to the matrix, others somewhat larger and
probably nervous, with processes extending from one or more sides.

Some of the coi'puscles are connected with the processes of the large

cells of Purkinje (see fig. 284). The inner part of this layer, contiguous
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with the coipiiscles of Purkinje, contains nerve-fibres running parallel

to the surface.

The inner or granule layer (fig. 283, d), next the medullary centre,

consists of granule-like corpuscles embedded as close groups in a gela-

tinous matrix, which contains also a plexus of fine nerve-fibres. The

Fig. 283.

Fig. 28i.

g. 284.

—

Processes of thk corpuscles

OF PURKINJE, CONNECTED, B? THEIR
FINER BRANCHES, WITH CORPUSCLES OP
THE OUTER LAYER OF THE CEREBELLAR
CORTEX (Sankey). Highly magnified.

a, a, processes of the corpuscles of Pui'-

kinje ; h, a branch from one of them, which
is connected with two of the corpuscles of

the outer layer c, c, scattered branched

corpuscles of this layer.

Fig. 283.—Structure of Cortex of cerebellum (Sankey).

a, pia mater ; i, external layer ; c, layer of corpuscles of Purkinje ; d, inner or granule

layer ; e, medullary centre.

corpuscles vary in size from ifoV o^li to a-iVo^li of an inch, the larger

being less densely scattered around the corpuscles of Purkinje, Some
are round, others angular. Each cell is formed of a nucleus with a thin

protoplasmic envelope, the processes from which are supposed to be con-

nected with the plexiform nerve-fibres among which the cells lie.

The cells of Purkinje (fig. 283, c) lie between the outer and inner
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layers of the grey cortex. They are more closely set at the margins of

the laminse than elsewhere. Some are irregular in form, but most are

flask-shaped, their long axis being at right angles to the surface. The
diameter of the larger cells is -g^th to toVo^^^^ o^ ^^ i^ch. Processes

extend from them into both the outer and inner layers : the outer pro-

cess being much the larger. It usually divides close to the cell, and its

branches, either at once or after a short horizontal course, pass towards

the surface, dividing repeatedly. Some are connected with the corpuscles

of the outer layer (fig. 284), but most can be traced nearly to the outer

surface, and are there lost. The inner process is fine, undivided, and
passes into the granule layer, where it is continuous with the axis-

cylinder of a nerve-fibre.

The medullary or white centre of each lamina, consists of nerve-

fibres arranged in parallel or interlacing bundles, -which pass from the

central white matter of the worm or of the hemispheres, and appear to

turn obliquely into the cortical grey substance. They disappear in the

granule layer, and are believed to be continuous with the axis-cylinder

processes of the corpuscles of Pm'kinje, but some are of opinion that they

arise, in part at least, by the union of the fine fibres of a plexus in the

outer layer.

The structiu-e of the corpus dentatnm resembles that of the olivary body.

Stellate cells ^^'^ to ^B^^th inch in size, lie in grey matter which is traversed

by bimdles of nerve fibres, passing in various directions but chiefly from without

inwards.

The nucleus emboliformis agrees closely in structure with the nucleus dentatus,

to which it seems to bear the same relation as do the accessory olivary nuclei

to the chief olivary nucleus. The nucleus fastigli and nucleus gloVosus differ

somewhat in structui-e from the dentate nucleus, and chiefly in the much larger

size of their cells, which, according to Meynert, are very similar to those of the

60-called outer auditory nucleus or nucleus of Deiters in the pons (see p. 303).

Course of the fibres in the central white substance of the
cerebellum.—Tracing the fibres of the cerebellar peduncles into the

white centre of the organ, it is found that their general arrangement and
distribution is as follows :—Those of the middle 'peduncles coming from
the pons Varolii enter the lateral part of the white matter in two main
bundles. One of these, composed of the superior transverse fibres of

the pons Avhich pass obliquely downwards over the others, radiates

into the lateral and ventral parts of the medullary centre of the hemi-
spheres (fig. 285, in"). The other bundle, which is formed of the lower

transverse fibres of the pons, is joined at its passage into the white centre

by the restiform tody or inferior peduncle (fig. 285, n), and the fibres

of both, blending in their further progress, turn upwards and radiate

into the upper parts of the medullary centre of the hemispheres, and
into the upper part of the worm. Those which pass into the worm
curve over the corpus dentatum, and are termed by Stilling the semi-

circular fibres. A small part of the fibres of the restiform body is

said by Stilling to enter the corpus dentatum. The superior peduncle

passes almost entirely into the interior of the dentate nucleus, but some
fibres curve round the outer side of this without passing into it, while

some of the mesial fibres are traceable directly into the white substance
of the worm. Probably many of the fibres of these peduncles which
enter the dentate nucleus are connected with its cells, but others pass
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iu bundles through the grey lamina which composes ifc, without being

thus connected. "Their further course is not known, for they become

lost in a feltwork of large fibres which encapsules the nucleus, but they

probably go eventually to the superficial grey matter of the laminae.

Fig. 285.

—

View op a dissection op
THE FIBRES OP THE PONS VAROLII

AND CEREBELLUM (from Amold). 3

1), tLe pyramid ; h', its fibres

traced upwards through the pons
Yarolii ; c, lateral column ; d, olive

;

m, superficial transverse fibres of the

pons on its left side ; in', the deeper

transverse fibres of the right side

;

'111!', the prolongation of the transverse

fibres of the pons as the middle
peduncle of the cerebellum

; p, q,

their continuation into the lamiua3

and folia of the cerebellum ; n,

inferior peduncle ; x, the decussating

part of tJie left lateral column cross-

ing to the right pyramid.

From the anterior medullary velum longitudinal fibres can be traced

passing into the white centre of the worm, and blending with the semi-

circular fibres above mentioned.

Commissuralfibres in tlie white matter of the cerelellum.—Two chief

sets of decussating commissural fibres are described by StiUing in the

middle line of the cerebellum ; one at the anterior part of the worm at

the base of the central lobule (fig. 281) ; the other at the posterior

part. In addition to these crossing fibres, which connect the two halves

of the white centre, other collateral fibres connect one lamina with

another, passing in the white substance of the laminis across the

general direction of its fibres, and arching round the fissures between
the laminse.

The parts of the brain next to be described are entirely concealed by
the cerebral hemisj)heres. They comprise the crura cerebri and corpora

quadrigemina, the optic thalami with the middle commissure, and the

pineal body, in addition to the foUoAving structures which are seen when
the brain is removed from the skull and its under sm'face or base is

examined, viz. :—the posterior perforated space, the corpora albicantia,

the tuber cinereum with the infundibulum and pituitary body, the optic

tracts and chiasma, and the lamina cinerea. Of these the corpora quadri-

gemina and crura cerebri are found in connection with the aqueduct of

Sylvius, and belong to the mesencephalon, while the optic thalami and
the other structures above enumerated occur in connection with the

third ventricle, and belong to the thalamencephalon.

THE SYLVIAK- AQUEDUCT AITD PABTS IN COWNECTIOW
"WITH IT; MESENCEPHALOIT.

The aqueduct of Sylvius (iter a tertio ad quartum ventriculum) is

a narrow passage into which the upper end of the fourth ventricle
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gradually narrows, and "which in front expands ahruptly into the third

ventricle. It is rather more than half an inch long. In shape it varies in

different parts, being T-shaped in section below (near the fourth ventricle)

triangular above (near the third), and in the intermediate part of an
elongated oval form, but somewhat shield-shaped in the region of the

anterior corpora quadrigemina. It is lined by ciliated columnar epi-

thelium, outside which is a thick layer of grey matter, continuous with
that of the fourth ventricle. Outside this gr&y matter of the aqiiedud,

the lateral and ventral parts (basal part) of the mesencephalon are com-
posed of the thick masses of the crura cerebri, whilst the roof or ]:)0S-

terior wall is formed by the lamina qiiadrigemina, so called from bearing

the four mamillated tubercles known as the corpora quadrigemina.

The grey matter of the aqueduct is a layer of some thiclaiess (2 to

3 millimeters) which surrounds the aqueduct, and is prolonged from the

grey matter of the fourth ventricle. It is characterised by the large

number of vessels which are distributed in it. It contains, scattered

through its substance, nerve-cells of varying size, the largest being-

prolonged forwards from the locus coeruleus of the fourth ventricle
;

the cells are very numerous and small at the dorsal side of the

aqueduct. In addition to these scattered cells the grey matter of the

aqueduct contains certain more defined groups or columns of cells

which are connected with the roots of the third, fourth, and fifth

crania] nerves.

The nucleus of the third and fourth nerves extends on either

side along almost the whole length of the ventral part of the aqueduct,

close to the middle line, the nuclei of the two sides being only

separated from one another by the raphe ; superiorly they even meet
across this. The ceUs of this nucleus are very large and irregular in

shape.

The upper nucleus of the fifth nerve consists of a comparatively

small number of large globose cells, which lie at the extreme lateral

margin of the grey matter of the aqueduct close to the bundles of the

descending root of the fifth nerve, towards which their axis-cylinder

processes are directed.

BASAL OR VENTRAL PART OF THE MESENCEPHALON: CRURA CEREBRI.

The crura cerebri (fig. 260, P) emerge from the upper border of the

pons and diverge from one another, leaving between them the posterior

perforated space and the corpora mammiUaria and disappearing in the

cerebral hemispheres under the optic tract. Near the point of the angle

of divergence the roots of the third nerves issue in several bundles fi'om

a gTOOve along their inner side ; and this groove serves to indicate the

separation between the more prominent ventral part of the peduncle

i^'pes s. lasis s. crustapedunculi) and the dorsal and larger part {tegmentum)

which is in great measure concealed from view by the pes when viewed

from below and in front, only appearing as a small tract on either side

of the posterior perforated space. A section into the cms cerebri shows

the two parts of which it is composed to be separated from one another

by a tract of dark coloured grey substance known as the siil)stantia

nigra, which comes to the surface on the inner side at the gToove above

mentioned from which the third nerve issues (sulcus oculomotorii), and
on the outer side also along a grooved line—the lateral sulcus.
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Of the two main parts of each peduncle the crusta is formed
almost entirely of longitudinal bundles of fibres which are continuous
with the pyramid-fibres of the medulla oblongata and pons, some
others being superadded, whilst the tegmentum is a continuation of
the formatio reticularis of those parts, with the addition of much grey
matter and white fibres, amongst the latter being those of the superior

Fig. 286.

Fig. 286.- -OUTLINE OP TWO SECTIOXS ACROSS THE MESENCEPHALON.
(E. A. S. After Stilling.)

NATURAL SIZE,

A, tlirougli the middle of tlie inferior corpora quadrigemina ; B, through the middle
of the superior corpora quadrigemina.

cr, crusta ; s n, substantia nigra ; t, tegmentum ; s, Sjdvian aqueduct, with its

surrounding grey matter; c.q, grey matter of the corpora quadrigemina; l.g, lateral

groove ; p. I, x^osterior longitudinal bundle ; d. V, descending root of the fifth nerve
;

s. c.p, superior cerebellar peduncle
; /, fillet. The dotted circle in B indicates the situa-

tion of the tegmental nucleus.

peduncle of the cerebellum. The two ventral portions (crustee or pedes)

are entirely distinct from one another (as shown in the accompany-
ing sections, fig. 286), and each is marked off externally fi-om the

tegmentum of the same side by the grooves just mentioned ; but the

two tegmenta are closely united in the middle line by a prolongation

of the raphe, and extend dorsally at the sides of the aqueduct to become
continuous with the bases of the corpora quadrigemina.

Crusta, pes or basis of the crus cerebri : proper cerebral
peduncle. The crusta is semilunar in section, the substantia nigra pro-

jecting into it with a convex border. It is wholly made up of longi-

tudinal white fibres which are arranged in flattened bundles, with their

edges in and out, separated from one another by processes of pia mater.

The main part is a direct prolongation of the pyramid-bundles of the

pons and passes superiorly towards the internal capsule of the cerebral

hemisphere.

Close to the substantia nigra, the bundles of white fibres are smaller and.

somewhat separated by projections of the grey matter extending between them.

These have both a different origin and a different destination from the other

fibres of the crusta ; for on the one hand they are traceable from the formatio

reticularis of the medulla and pons, and on the other hand they for the most part

terminate in the cells of the substantia nigra, although some of them pass on to

the lenticular nucleus of the corpus striatum (Meynert). They have received the

name of gtrntum interincdium. Further, according to Meynert, the outer or lateral

bundles of the crusta have also an origin and destination different from the main
tract. He states that they are traceable from the posterior columns of the spinal

cord and lower part of the medulla, crossing over to the opposite side just above
the decussation of the lateral pyramidal tract (upper pyramidal decussation, fig.

2(J7, s. I), d^ and then passing up with this through the medulla, pons, and crura
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cerebri to spread out directly in the posterior lobes of the cerebrum without

becoming connected with any of the ganglionic masses at the base of the

hemispheres. Lastly the mesially situated bundles of the crusta appear also to be

distinct from the pyramidal tract proper (Flechsig), being developed at a some-

what later period. Thus there have been traced at least four different sets of

fibres in the crusta, and a fifth set may perhaps be added to include fibres derived

originally from the cerebellum and joining the pyramidal tract in its passage

through the pons, such fibres being probably scattered amongst the fibres of the

other tracts.

It is remarkable that whereas in the lower part of its course (spinal cord and
medulla) the fibres of the pyramidal tract acquire a medullary sheath later than
the other fibres of the white columns, in the upjoer part (crus cerebri and cerebrum)

ib is acquired earlier than in the other fibres.

The substantia nigra is a mass of grey matter which is characterised

by the presence of a number of very darkly pigmented irregular nerve-

cells, which give the substance on which they are scattered the appear-

ance from which it derives its name. It forms a layer which separates

the basis or crusta from the tegmentum. It is thicker near the mesial

border of the peduncle than laterally, where the tract of the fillet may
be but incompletely separated from the longitudinal bundles of the

crusta. It commences at the upper margin of the pons, and can be
traced as far forwards as the posterior border of the corpora albicantia.

At the origin of the third nerve it is traversed in its mesial part by the

fibres of the nerve-root. The grey matter of the substantia nigTa pro-

jects here and there between the adjacent bundles of the crusta ; one

considerable projection in particular in the posterior part of the mesen-
cephalon serving to mark off the mesial portion of the crusta from the

rest.

The cells in this projection are much smaller, and relatively more numerous
than in the rest of the substantia nigra.

The tegmentum, Hke the formatio reticularis of the medulla and pons,

of which it is the prolongation upwards, is composed of small longitudinal

bundles of white fibres, separated by transversely coursing or arched fibres,

together with a considerable amount of grey matter containing scattered

nerve-cells. Many of the longitudinal fibres are probably continued from
the anterior columns of the cord, and above they may be traced into the

optic thalami.

In addition to these diffused bundles of longitudinal fibres there are some others

which are collected into more defined tracts. One such tract constitutes the

j}osterior longitudinal Smtj^ZZc, which is seen in all sections of this part of the brain

as a pyriform area of transversely cut fibres which lies on each side of the middle
line between the grey matter underlying the aqueduct, and the formatio reticu-

laris (fig-. 286, 'p.T). The fibres which constitute this bundle below have already

been noticed (see p. 298 and fig. 274) ; traced upwards the bundle disappears

near the posterior commissure, either by its fibres becoming dispersed in the rest

of the formatio reticularis, or by their having become united with the nerve-

nuclei (3rd and 4th) in the mesencephalon.
Another tract of longitudinal and decussating fibres is derived from the superior

oednncle of the cerebellum, which we have already traced as it passes forwards

over the anterior end of the fourth ventricle. Eeaching the sides of the aqueduct
as a well-marked bundle, of semilunar shape in section (fig. 274, s.c.j?), it

gradually takes a lower position as it is traced upwards in the mesencephalon,
and its fibres soon begin to pass across the raphe, decussating with those of the

other side (fig. 286, A), the decussation extending as far forwards as the superior
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pair of corpora quadi-igemina. Having thus entirely crossed to the opposite side

the tract in qiiestion pursues its course longitudinally upwards, enclosing in its

passage a tract of grey matter with numerous large pigmented cells, known as

the nucleus of the tegmentum or o'ed nucleus (fig. 286, B, and fig. 288), probably

receiving an accession of fibres from these cells. Above, the tract passes into the

ventral part of the optic thalamus.

Lastly, in sections across the upper part of the pons a considerable flattened

bundle of longitudinal fibres (tract of the fillet, fig. 274, I) begins to make its

appearance at the ventral border of the formatio reticularis, and is traceable

upwards into the same part of the tegmentum. Soon, however, the longitudinal

fibres of this tract are seen to pass obliquely outwards and emerge at the side

of the crus cerebri, curving obliquely over the outer side of the prolongation

of the cerebellar peduncle (fig. 286, A, /), and tending for the most part towards
the inferior corpora quadrigemina. They are seen on the surface as a tract of

obliquely curved fibres known as the fillet (lemniscus) occupying a triangular

area at the side of the tegmentum (fig. 287,/). They are reinforced by fibres from
the anterior medullary velum which also curve round the superior cerebellar

peduncle. The fillet is covered externally by a thin layer of grey matter contain-

ing nerve-cells.

All the fibres of the tract of the fillet do not, however, take the course above
indicated. Those nearest the middle line (inner portion, fig. 274, Z^ are said by
Meynert to pass upwards in the stratum intermedium of the crusta. Those next
in order (middle portion) according to Forel are for the most part continued

upwards in the formatio reticularis of the tegmentum, but (with the exception

of a small part which runs to the corpus albicans) become lost amongst its longi-

tudinal bundles and are no longer traceable as a distinct tract. Some of the

lateral fibres of this middle portion, however, pass to the upper corpora quadri-

gemina (fig. 286, B, /). It is especially the lateral portion of the tract of the fillet

which passes to the side and enters the lower corpora quadrigemina. This is

sometimes distinguished as the lower fillet from the tract which enters the upper
quadrigeminal bodies (jqyjJer fillet). Traced do^vnwards the fibres of the fillet

pass into the posterior part of the lateral column of the medulla oblongata, and
also, according to Roller, into the anterior column.

The arcuate fihres of the formatio reticularis of the tegmentum include besides

the decussatiag fibres of the cerebellar peduncles, and the curved fibres of the

fillet, others the origin and destiuation of which are but imperfectly understood.

Some are said to be derived from the cells of the nucleus of the tegmentum
before mentioned, and others from certain large spheroidal nerve-cells in the

lateral part of the grey matter of the aqueduct (upper nucleus of the .')th nerve).

Borsal part of the mesencephalon: corpora quadrigemina. As
before stated the Sylvian aqueduct is covered on its dorsal aspect by
the quadrigeminal lamina, bearing the bodies of the same name. The
mesial part of the lamina is marked by a comparatively wide groove,

shallower inferiorly, which serves to separate the corpora quadrigemina
of opposite sides (fig. 282). This grooved surface, which is raised above
the level of the upper medullary velum immediately behind, is connected

with the velum by a small median strand of longitudinal fibres termed
t\\Q frenulum veli (fig. 287, fr). In front of the upper (anterior) pair of

corpora quadrigemina the groove is interrupted by a transverse white
prominence—the posterior commissure ; but both this and the upper
end of the median groove are in the natural condition concealed by
the pineal body (jj), which projects backwards and do\Ynwards from
the posterior wall of the third ventricle and rests between the ujjpGr

pair of quadrigeminal bodies. A well-marked narrow transverse groove
which commences a short distance fi'om the middle line and is curved
round the lower border of the upper tubercle separates this from the
lower tubercle of the same side
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The corpora or tubercula quadrigemina are two pairs of rounded

eminences which are mainly composed of grey matter, although covered

Fig. 2S".

—

View of the sie-

DULLA, PONS, AND MESENOEPHA-

IiON FROM THE RIGHT SIDE AND
BEHIND (E.A.S.

)

The cerebellum, the infei-ior

medullary velum, and the right

half of the superior medullary

velum, have been cut away, so as

to display the fourth ventricle.

c.q.s, c.q.i, superior and in-

ferior quadrigeminal bodies of the

left side ; the pineal gland, p, is

peen projecting backwards between

the superior bodies, and the free-

nulum, fr, passes up from the

superior medullary velum, s.m.v,

to the interval between the pos-

terior quadrigeminal bodies ; th,

right thalamus opticus ; h: i, bra-

chium of the inferior quadri-

geminal body passing underneath

the inner geniculate body, c.g.i.
;

/, superficial stratum of fibres of

the fillet, covering the tegmentum
of the crus cerebri ; c, crusta of

the crus cerebri, separated from
the tegmentum by the lateral

groove, l.g.
; p, upper part of the

pons ; III., IV., etc., the corre-

sponding cranial nerves. The rest

of this figure "will be found de-

scribed at p. 286,

externally with a thin layer

of transverse white fibres.

The upper or anterior tu-

bercles (fig. 287, c.q.s.) are

somewhat broader and darker in colour, but slightly less prominent
than the lower or posterior (c.q.i ). Laterally the corpora quadrigemina
are not bounded by a groove but each appears to be prolonged obliquely

upwards and forwards into a prominent white tract, known as the

trachium of the corresponding tubercle. The lower (posterior) brachium
(fig. 287, Ir.i.) loses itself underneath an oval prominence which is seen

at the side of the upper end of the crus cerebri and is termed the imier

geniculate locly (fig. 287, c.g.i ; fig. 2G1, i.) \ from the opposite side of

this, one of the roots of the optic tract passes. The upper (anterior)

brachium passes between the same geniculate body, and the prominent
posterior extremity of the optic thalamus with the external geniculate

body (fig. 261, Tli, e) directly into the optic tract, of one of the roots of

which it may be regarded as a prolongation ; but the continuity into

this is much better seen in some animals than in man.
The lower or posterior quadrigeminal bodies are composed almost

entirely of grey substance (the so-called nucleus of these bodies (fig, 28 GA,
eg)) which is separated by a thin layer of the fillet from the grey matter
of the aqueduct and contains numerous small and some larger nerve-
cells. The nuclei' are united across the middle line by a commissural

2>.7l



320 MESEXCEPHALOX.

portion of grey matter which is bonnded superficially and deeply by
transverse white fibres derived from the fillet.

The superficial fibres are contintious laterally and in front ^itli the fibres cf
the brachium of the inferior qnadrigeminal body, and laterally and behind with
those of the lower fillet. Accoi'ding- to Meynert the fibres of the lower fillet on
one side pass obliquely across the quadrigeminal bodies to emerg-e as the brachium
on the other side ; this continuity, however, if it really exists, is proba.bly not
direct but occurs through the naedium of the nerve-cells in the grey matter.

Fig. 288.

Fig. 288.

—

Section through the superior part of one of the superior corpora
QUADRIGEMINA AND THE ADJACENT PART OF THE OPTIC THALAMUS (after Meynei't).

s, aqueduct of Sylvius
;

gr, grey matter of the aqiieduct ; c.q.s, quadrigeminal

eminence, consisting of : I, stratum lemnisci ; o, stratum opticum ; c, stratum cinereum ;

Th, thalamus (pulvinar) ; c.g.i, c.g.e, intei-nal and external geniculate bodies ; br.s,

hr. i, superior and inferior bi'achia
; /, fillet

; p. I, posterior longitudinal bundle
;

r, raphe ; III, third nerve ; n. Ill, its nucleus ; l.p.p, posterior perforated space ;

s.n, substantia nigra ; above this is the tegmentum with its nucleus, the latter being

indicated by the circular area ; cr, crusta ; II, optic tract ; M, medullary centre of

the hemisiDhere; n.c, nucleus caudatus; st, stria terminalis.

The upper or anterior quadrigeminal bodies are covered, like the

lower, with a thin stratum of white fibres {stratum 2onaU). Within this

is a cap-like layer of grey matter {stratum cinerevm, fig. 288, c), con-

taining numerous small nerve-cells, of considerable thickness at the most
prominent part of the tubercle, but thinning off toAvards its margins.

Within this, again, is the most characteristic part of the organ. This

is a layer of longitudinally coursing bundles of fine nerve-fibres {stratum

opticum, o), between which lie small scattered nerve-cells embedded in

grey matter, which is continuous peripherally with that of the stratum

cinereum. In front the nerve-fibres jjass outwards and forwards into the

upper brachium (br. s), and along this into the optic tract. Fine fibres

from the next layer pass vertically into this stratum. Lastly, between the

optic-fibre layer and the grey matter around the aqueduct is a fourth

well-marked layer composed of meduUated fibres derived from the upper
fillet {stratum lemnisci, I). This is thicker at the side, where the fillet
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enters, and becomes gradually thinner near the middle line, where many
of its fibres pass across, decussating with fibres from the opposite side.

The gradual thinning of the stratum appears to be due to tlie passage of

its fibres outwards into the optic-fibre layer ; but some fibres (accord-

ing to Tartuferi, whose comparative investigations have thro^vn much
light upon the minute anatomy of this parb) pass inwards towards the

grey matter of the aqueduct.

The stratum cinereum and stratum opticum of the upper quadrigfeminal body
appear together to correspond to the nucleus of the lower quadrigeminal body

;

the stratum zonale to the superficial white layer, and the stratum lemnisci to the

deeper white layer, which is also, as above mentioned, traceable to the fillet.

The connexion of the anterior quadrigeminal bodies with the optic tract and
the sense of sight is far more intimate than that of the posterior. For if in a
young animal the eye on the one side be extirpated, the operation is found to be
followed after some time by atrophy of the anterior quadrigeminal body and of

its brachium, whereas the posterior quadrigeminal body and brachium is unaltered

(Gudden). Moreover in the mole the posterior quadrigeminal body is well

developed, whereas the anterior is atrophied.

The posterior commissure, which overlies the upper end of the

aqueduct and appears in the posterior wall of the third ventricle, is

generally described with that cavity. It is, however, a direct continua-

tion of the commissural fibres of the fillet above mentioned. Its fibres

come from the tegmental part of the mesencephalon, and after crossing

to the other side appear to pass through the thalamus and diverge into

the white substance of the cerebral hemispheres. They may in part

comprise commissural fibres between the two thalami. Some are con-

nected with the pineal body.

THE THIRD VENTRICLE AND THE PARTS IIT CONK'EC-
TION" WITH IT: THALAMEITCEPHALOW.

The Sylvian aqueduct expands suddenly immediately after passing

beneath the posterior commissure into a comparatively large, laterally

compressed cavity, termed the third ventricle (figs. 289, 290). This,

which is on the whole deeper in front than behind, gradually nari'ows

at its anterior end to a conical termination which lies over the optic

commissure. Below and behind this is a conical depression, leading

towards the pituitary body. At the posterior extremity, immediately

above the entrance of the aqueduct and separated from it by the posterior

commissure, is another smaller depression extending into the stalk of the

pineal gland (fig. 290, 7;), which here, as we have seen, projects backwards
over the mesencephalon. The ventricle is bounded laterally by the ojMc

thalami (fig. 289, Tho), which come almost in contact with one another in

the middle line ; and a little in advance of the middle of the ventricle,

are actually united by a connecting band of grey matter of variable

extent, termed the middle or soft commissure (Com.) This is sometimes
double, and occasionally wanting : it is liable to be torn across in removing
the brain. The lateral walls of the cavity are slightly convex, and are

marked towards the anterior end by a white curved band, with its

convexity forwards, which becomes more prominent as it passes upwards
towards the roof. These bands are named the anterior pillars of the

fornix (fig. 290,/). Immediately behind the most prominent part of

each of these, between it and the anterior part of the thalamus, is an
VOL, II. T
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aperture {foramen of Monro) leading into the ventricle of the hemisphere

(lateral ventricle). All along the upper curved margin of the lateral

wall, from the pillar of the fornix to the pineal gland, runs a white

stria, known as the stria liinealis, or tmvia fornicis (fig. 290, sjj
;

fig. 289, Tfo). The floor of the ventricle is formed posteriorly by
the tegmenta of the crura cerebri, and Avhere the crura diverge from
one another by the follomng parts, Avhich have been already men-
tioned as seen at the base of the cerebrum ; viz., commencing from
behind, the ijosterior imforated space, the corpora aJhicantia, the tulier

cinereum and infimdihulum, and the lamina cinerea, the last of which
also serves to close the ventricle in fr'ont. The roof of the cavity is

limited before and behind by two commissures, named from their

position, anterior and posterior. Of these the anterior belongs to the

description of the cerebral hemispheres, while the posterior has already

been noticed in connection with the mesencephalon.

Fig. 289. — YiE-ff- FROJi

ABOVE OF THE THIRD
VENTRICLE AND A PART
OF THE LATERAL VEN-
TRICLES (Henle).

The brain lias been sliced

liorizontally immediately

below the corpus callosum,

and the fornix and velum
interpositum have been re-

moved.
Tho, thalamus opticus

;

Ts, its anterior tubercle;

Pv, pulvinar; Com, middle
commissure stretching be-

tween the two optic

thalami across the middle

of the third ventricle ; Cf,

columns of the fornix ; Cn,

pineal gland projecting

downwards and backwards
between the superior cor-

pora quadrigemina ; Sf,
stria terminalis ; Cs, nu-

cleus caudatus of the

corpus striatum ; Vsl,

ventricle of the septum
lucidum ; CcP, section of

the genu of the corpus

callosum ; Pen, commence-
ment of the i:)ineal stria

or peduncle, Tfo; Cop,

posterior commissure.

The third ventricle,

like the fourth, is

roofed over by the

epithelial lining ' of

the central cerebro-

spinal cavities. This

epithelial covering is

not fi'ee but covers

the under surface of

the median portion of an expansion of pia mater named the velum
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mferjwsitum, which, overhes the third ventricle as well as the larger

part of the oj)tic thalami. The epithelinni follows all the inequalities

of two fringed vascular tracts (choroid plexuses) which project doAvii-

vrard from the membrane ; and, therefore, becomes torn away when
the pia mater is removed. At the white stria on either side it is

continuous with the epithelium covering the lateral waU.

Pig. 290.

—

Right half op thk encephaiic rEDUHCLE and cerebellum as seen from
THE INSIDE OF A MEDIAN SECTION (Allen Thomson after Reichert).

II, right optic nerve ; behiDcI it the oiDtic commissure divided ; III, right third nerve ;

VI, sixth nerve ; V 3, third ventricle ; Th, back part of the thalamus opticus ; H, sec-

tion of the pituitary body
; p, pineal gland ; below its stalk is the posterior commissure

;

c a, anterior commissure divided, and behind it the divided anterior pillar of the fornix
;

I c, lamina cinerea ; i, infundibulum (cavity) ', t c, tuber cinereum ; behind it the coi'pus

albicans
; /, mark of the anterior p)illar of the fornix descending in the -wall of the third

ventricle ; c in, commissura mollis ; s _p, stria XDinealis or peduncle of pineal gland

;

Q, lamina quadrigemina ; a, s, aqueduct of Sylvius near the fourth ventricle ; cr, eras

cerebri ; P V, pons Varolii ; M, medulla oblongata ; and behind these the cerebellum.

The third ventricle is lined like the other cavities already described by
ciliated epithelimn, which is thin and flattened over the roof, i.e. lining*

the velum and choroid plexuses, but longer and more columnar at the

bottom and sides. The floor, which is narrow, is formed, underneath
the epithelium, of grey matter continuous with that of the Sylvian

aqueduct, and this grey matter extends a short distance upwards
on the wall of the thalamus. The central gTey substance behind rests

upon the still conjoined part of the tegmenta ; but anteriorly, after these

have diverged, it comes to the surface at the base of the brain as the
posterior perforated lamina and the tuber cinereum. The lateral walls of

Y 2



324 THALAMENCEPHALON.

the ventricle have but a thin covering of neuroglia (ependyma) under-
neath the lining epithelium ; so that the white covering of the thalami
comes to view through it.

The optic thalami (fig. 289, T7w), as seen from above after

the removal of the fornix and velum interj)ositum, are somewhat oval-

shaped masses of grey substance covered superficially by a thin stratum
of white fibres. The upper surface is marked by a shallow longi-

tudinal groove, which inclines inwards as it passes forwards, and
terminates a short distance from the anterior extremity of the surface.

This anterior extremity is raised into a prominence termed the anierior

tiiberde (fig. 289, Ts), and together with the part of the upper surface

which is placed outside the groove, projects into the ventricle of the
corresponding cerebral hemisphere, and is covered by the lining epi-

thelium of that cavity. This part of the upper surface is limited

externally by a white band, the stria terminalis, {Sf) which separates

it from the part of the corpus striatum which is seen in the lateral

ventricle. The longitudinal groove appears to be caused by the thickened
margin of the fornix, the edge of which extends over the surface of the

thalamus along the line of the groove. The posterior and inner part

of the upper surface behind the groove does not project into either the
third or the lateral ventricle, and is not covered with epithelium. It is.

limited internally by a sharp edge which separates it from the median
surface and which is marked by the medullary stria above-mentioned as

leading to the pineal body. At the posterior and inner extremity of the

thalamus, there is seen, as in front, a well-marked prominence {posterior

tubercle or pulvinar ( JPv) ) which projects over and partially conceals

the brachia of the corpora quadrigemina. Between this prominence
and the peduncle of the pineal body (Pen) lies a small triangular de-

pressed surface, separated posteriorly from the mesencephalon by a trans-

verse groove and passing mesially into the stalk of the j)ineal body.
This triangular surface is termed the tHgonum TiahenulcB. The mesial

surface of the thalamus has been already described in connection with

the third ventricle. The posterior rounded surface is occupied almost

entirely by the pulvinar. Below and external to this is another distinct

eminence termed the outer geniculate locly, which is placed just above

the inner geniculate body before mentioned (p. 319), the two being sepa-

rated from one another by one of the roots of the optic tract (ujoper

brachium) (fig. 261). From this brachium and from the two geniculate

bodies the optic tract originates and curves downwards and forwards

around the crus cerebri.

The external and under surfaces of the thalamus are not free, but are

united with other parts of the brain. The under surface is united with

the tegmental part of the crus cerebri, while the external surface is

covered by Avhite substance which is formed of the fibres of the crusta,

which here diverge into the substance of the hemisphere, and pass

between the thalamus and the lenticular nucleus forming the so-called

" internal capsule." More anteriorly the corpus albicans and the side of

the tuber cinereum lie below the thalamus.

structure.—The thalami optici are covered on their free surfaces (inner and
upper), (fig. 291), by a layer of white fibres. On their outer surface, as just

mentioned, is the white matter of the inner capsule {i. <?.) formed by fibres diyerg-

ing from the crusta into the hemispheres. Nest to the thalamus on this side is a

denser layer of white fibres, termed the outer medullary lamina. All along
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this surface radiating fibres pass out of the thalamus to miagle with the fibres of

the ianer capsule and to pass with these to the surface of the cerebral hemi-
spheres. Those in front pass to the frontal lobe of the hemisphere ; those in.

the middle region to the posterior part of the frontal and to the parietal lobe,

besides some to the temporo-sphenoidal ; those behind to the temporo-sphenoidal

and occipital lobes. Continuous with these radiating fibres are others passing

to the optic tract from the pulvinar. The lower sui-face of the thalamus is

continuous posteriorly with the prolongation of the tegmentum (subthalamic

tegmental region), but ia front this prolongation iricluies to the outer side and
becomes lost in a layer of grey matter which is continuous iuternaUy with the grey
matter of the floor of the ventricle, and is seen at the base of the brain as the an-
terior perforated lamina. Anteriorly the under surface of the thalamus is prolonged

into a tract of fibres which curves downwards and outwards towards the white
substance of the hemisphere formiag the so-called lower peduncle of the thala-

mus. Above these is another tract (a7isa Icnticidarls) passrag under the thalamus
from the mesial part of the crusta to the lenticular nucleus of the corpus striatum,

a layer of grey substance being interpolated between the two tracts. These and
the grey matter between are termed collectively the substantia iunominata.

Fig. 291.

—

Section across

THE OPTIC THALAMUS AND
CORPUS STRIATUM IN THE
REGION OP THE MIDDLE
COMMISSURE (E. A.S., after

a preparation by Mr. S. Gr.

Shattock). Natiiral size.

ill, thalamus ; a,e,i, its

anterioi", external and in-

ternal nuclei respectively

;

w, its latticed layer ; m.

c. , middle commissure

;

above and below it is the

cavity of the third ven-

tricle; c. c, corpus cal-

losum
; /, fornix, separated

from the third ventricle

and thalamus by the velum
interpositum. In the middle

of this are seen the two veins of Galen and the choroid plexuses of the third

ventricle ; and at its edges the choroid plexuses of the lateral ventricles ; t. s. , tjenia

semicircularis ; cr, forward prolongation of the crusta passing laterally into the internal

capsule, i. c. ; s. t. r., subthalamic prolongation of the tegmentum, consisting of (1) the

dorsal layer, (2) the zona incerta, and (3) the corpus subthalamicum ; s. n., substantia,

nigra ; n. c, nucleus candatus of the corpus striatum ; ?i. I., nucleus lenticularis ; e. c,
external caiJsule ; cl, claustrum ; /, island of Eeil.

The substance of the thalamus is chiefly formed of grey matter with nerve-

cells scattered in it, but their arrangement and connections with nerve-tracts

have not hitherto been satisfactorily ascertained. Its gi'ey matter is partially

subdivided into two parts, the so-called iuner and outer nuclei of the thalamus

(Burdach), by a vertical white lamina, S-shaped in section (inner medullary

lamina). The outer omdeus (e), is the larger and extends into the posterior

tubercle ; it is marked externally by the radiating white lines before mentioned

as passing from the thalamus into the inner capsule, and these confer upon its

external layer somewhat of a reticulated aspect (latticed layer). The inner

nucleus (() does not extend into the anterior tubercle, but this part of the grey sub-

stance of the thalamus is cut off from it by another septum of white matter.

The anterior separated part is the anterior nucleus of the thalamus or iiucleus

cf the anterior tuhcrole {a). It contains comparatively large nerve-cells and
from its depth a number of fibres pass downwards and converge to form a
well-marked bundle (bundle of Vicq-d'Azyr), which entering the corpus albicans

forms within that tubercle a sharp bend, and passes upwards again in the wall of

the ventricle as the anterior pillar of the fornix. - The middle commissure unites
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the inner nuclei across the third ventricle and is also continuous Ibelo-w on each
side Avith the grey matter of the cavity. It contains transversely coursing- fibres

and nerve-cells.

In the trigonum lialenulce is a collection of nerve-cells termed by Meynert the
ganglion of the hahcnula. From this a bundle of fibres is traceable down-
wards towards the interpeduncular region (the part between the cerclDral

peduncles) to another collection of nerve-cells, better marked in most animals
than in man, termed the interjjedimmdar ganglion (Forcl).

The outer geniculate hody, darker in colour than the rest of the external nu-
cleus of the thalamus to which it is attached, has a lamellated structure (fig.

288, c.g.c^ ; thin layers of white fibres derived from the optic tract alternating

with thicker layers of grey matter containing large, pigmented, multipolar
nerve-cells. The actual connection of the fibres with the cells has not been
traced, but there is no doubt that this prominence and the neighbouring part of
the thalamus are connected Avith the origin of the optic fibres, from the
atrophy which they undergo after extirpation of the opposite eye.

The inner genieiClate iody, also continuous with the grey substance of the
thalamus, lies below and mesial to the external geniculate body and receives

inferiorly and on its inner side the brachium of the lower quadrigeminal body
which dips underneath it. Externally and in front fibres pass out from it to
join the optic tract. It is believed that these fibres are of commissural nature,

and are not continued into the optic nerve, for they, as well as the inner
geniculate body, remain unaffected by extirpation of the opposite eye.

SulDthalamic tegmental region.—The prolongation of the tegmentum under
the posterior part of the thalamus is divided by Forel into three layers, which
are named respectively from above down, the stratum dorsale, the zona incerta,

and the corpus subthalamicum (fig. 291, s. t. r., 1, 2, 3). The latter is bounded below
by a continuation of the su.bstantia nigra, separating it from the jDrolongation of
the crusta, the fibres of Avhich are seen diverging at the side of the subtiialamic

tegmental region into the inner capsule. The dorsal layer consists chiefly of fine

longitudinal fibres—prolonged froan the posterior longitudinal bundle according*

to Meynert, from the fibres enclosing the tegmental nucleus (derived there-

fore from the superior cerebellar peduncles) according to Forel. It is con-

tinuous laterally with the latticed layer and external medullary lamina of the
thalamus, into which some of its fibres pass, whilst others, coursing through
the zona incerta, enter partly the inner capsule, and partly the substantia

innominata, joining a tract which leads to the lenticular nucleus of the corpus
striatum.

The zona incerta is a reticular formation iDrolonged from that of the
mesencephalon : it passes anteriorly into the substantia innominata.

The corpus suhtUalamicum is a well-marked brown stratum of grey matter con-

taining numerous pigmented nerve-cells. It is lens-shaped in section, and has an
enclosing envelope of white substance, through which strands of fine fibres pass

from the interior of the body mesially towards the posterior perforated lamina,

and outwards and downwards into the crusta. This stratum is distinct only in

the Primates.

The pineal body or glasid (conarinm) (fig. 289 Cn, fig. 2^0,2')), is a

reddish body of about the size of a small cherry-stone, and is named from

its supposed resemblance in shape to a fir-cone. It is connected with the

posterior pai^fc of the third ventricle, projecting backwards and down-
Avards betAveen the superior pair of corpora quadrigemina. It is attached

by a broad but flattened stalk which is separated by the recess of the

ventricle before mentioned (p. 321) into an upper and under portion, the

latter of which curves doAAaiwards and passes below into the posterior

commissure, while the upper portion extends on either side along the

ridge-like junction of the upper and mesial surfaces of the thalamus as

the medullary stria or peduncle of the gland (fig. 290, sp.) At the

sides the stalk passes into the trigonum habenuljB. The pia mater
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which invests the niesencephaldn, covers the pineal gland with a special

investment before being prolonged as the velum interpositum over the

third ventricle and thalamus ; and the gland is liable to be torn away
in removing the pia mater.

In microscopic structure the pineal gland somewhat resembles the anterior

lobe of the pituitary body. It is similarly composed of a number of hollow follicles

g-enerally spherical, but in some cases tubular, separated from one another by in-

growths of connective tissue. The follicles are almost filled with epithelial

cells and often contain, besides corpora amylacea, much gritty calcareous

matter (acervulus cerebri, brain sand), composed of microscopic particles, aggre-

gated into masses and formed of eai-thy salts (phosphate and carbonate of lime,

with a little phosphate of magnesia and ammonia) combined with animal

matter.

The sabulous matter is frequently found on the outside of the pineal body, or

even deposited upon its peduncles. It is found also in the choroid plexuses ; and
in a scattered form occurs in other parts of the membranes of the brain. It is

found at all ages, frequently in young children, and sometimes even in the foetus.

It cannot, therefore be regarded as the product of disease. Huschke has pointed

out that the pineal body is larger in the child and the female than in the adult

male. In the brains of other mammals it is proportionally larger than in the

human subject, and less loaded v/ith brain sand. The pineal body is developed

originally as a hollow outgrowth from that part of the embryonic brain which
afterwards forms the third ventricle ; the diverticulum becoming subsequently

cut off from the ventricle, and undergoing ramification to form tubes which are

afterwards separated for the most i^art into isolated vesicles.

The posterior perforated space (locus perforatus posticus) (fig.

260, X ) is a deep fossa at the base of the brain, at the bottom of which
is greyish matter, connecting the diverging crura. It is jDerforated by
numerous small openings for the passage of blood-vessels ; and some
horizontal white strias usually pass out of the grey matter and turn

round the peduncles close to the upper border of the pons to reach

eventually the medullary centre of the cerebellum {tcenia ijontis). It

corresponds posteriorly, as far as a line joining the anterior borders of

the third nerves, to the floor of the aqueduct of Sylvius, but in front of

those nerves to the posterior part of the floor of the third ventricle. In
the grey matter over the space are a few scattered nerve-cells.

The corpora albicantia or mammiilaria (fig. 260, ci) are two
round white eminences in front of this fossa, each about the size of a

small pea, connected together across the middle line. Each corpus
albicans contains a nucleus of grey matter concealed within its ?,uperficial

white fibres.

The corpora albicantia are formed, as will hereafter be explained, by the
anterior pillars of the fornix ; hence they have also been named l%dis of tlie

fornix. In most vertebrate animals there is but one nredian corpus albicans in

place of two.

The tuber cinerenm (figs. 260, 290, ^ c) is a lamina of grey matter

extending forwards from the corpora albicantia to the optic commissure, to

which it is attached. It forms part of the floor of the third ventricle. In
the middle it is prolonged forwards and downwards into a hollow conical

process, the infundibulum (fig. 292, «), to the extremity of which is

fixed the pituitary body. On its outer side close to the optic tract is a

eoflection of grey matter with nerve-cells, termed by Meynert the lasal

optic ganglion, from which fibres arise which pass to the optic tract and
optic nerve of the same side.
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The pituitary body or hypophysis cerebri (fig. 2G0, 261, h, and fig.

292), formerly called pituitary gland, from its being erroneously supposed
to discharge pituita into the nostrils, is a small reddish grey mass, of a
somewhat flattened oval shape, widest in the transverse direction, and
occui3ying the sella turcica of the sphenoid bone. Its Aveight is from
five to ten grains. It consists of two lobes, of which the anterior is

larger, and concave behind, where it embraces the smaller posterior lobe.

The two lobes are entirely different, both in their structure and develoijment ;

and it is only in mammals that they come into close connexion with one another.
The ^jostcvior lobo is developed as a hollow downgrowth of the part of that
cavity of the embryonic brain, which afterwards becomes the thii-d ventricle.
In the lower vertebrates, and especially in fishes, the cells which compose its

•walls become converted into nerve-cells and fibres, and as the hihus Infundihuli it

becomes an integral part of the brain. But in the higher vertebrates it remains

Fig. 292.
Fig. 292.

—

Sagittal section of the pituitauy bodt
AKD INFUNDIBULUM WITH THE ADJOINIJfG PART OF THE
3fiD VENTRICLE (Schwalbe).

a, anterior lobe ; a', a projection from it towards the
front of tlie infundibulum, i ; h, jiosterior lobe connected
by a solid stalk with the infundibulum ; I. c, lamina
cinerea ; o, right optic nerve ; ch, section of chiasma

;

r. o, recess of the ventricle above the chiasma ; c. m.
corpus mammillare.

small and almost undeveloped ; its cavity is obliterated, and all nervous structure

becomes obscured by the ingrowth of vessels and of connective tissue into the
now solid organ. The connective tissue forms reticulating bundles, between
which occur numerous spindle-shaped and branched cells, as well as a few
larger corpuscles containing pigment-granules in their protoplasm. Sometimes
remains of the original hollow are seen in the form of a cavity lined by columnar
ciliated cells.

The anterior lohe, darker in colour than the posterior, is developed as a tubular

prolongation from the ectoderm of the buccal cavity, with which it is therefore

originally in connection, although it soon becomes separated by the growth of

intervening tissue. In the adult it is constituted by a large number of slightly

convoluted tubules or alveoli, similar to those of a secreting gland, and in like

manner lined by epithelium, which in some cages fills up the tubule. The tubules

are united by connective tissue, which is especially abundant in the neighbour-

hood of the larger blood-vessels, and also forms a sort of capsule to the organ.

Moreover, portions of the tubules are frequently cut off by the connective tissue

so as to form isolated vesicles. The outer layer of epithelium is columnar ; and
in some of the larger tubes, especially those next to the posterior lobe, cilia may
be detected on the cells. The blood-vessels are numerous, and the capillaries

form a close network around the walls of the tubules. The lymphatics of the

organ originate in cleft-like spaces between the tubules and pass to a network in

the capsule. In its microscopic structure the anterior lobe of the pituitary body
approaches closely that of the thyroid body, the vesicles of which are also origin-

ally a network of anastomosing tubules, and in some animals remain throughout
life in this condition. Moreover, a colloid substance like that in the thyroid

vesicles, is found sometimes in the alveoli of the anterior lobe of the hypophysis.

The optic commissure, or chiasma (fig. 260), is constituted by the

union of the two optic tracts in fr'ont of the tuber cinereum, and from it

the two optic nerves proceed. In it the nerve-fibres of the two sides

undergo a decussation. Their arrangement in the decussation will be

more Mly considered when the origin of the optic nerve is described.
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In the middle line of the base of the brain, in front of the optic

commissure, is the anterior portion of the great longitudinal fissure,

which passes down between the hemispheres. At a short distance in

front of the chiasma, this fissure is crossed transversely by a white mass,

which is the anterior recm'ved extremity of the corpus callosum. On
gently turning back the optic commissm*e, a thin connecting layer of

grej substance, the lamina cinerea, is seen occupying the space between
the corpus callosum and the chiasma, and continuous above the latter

with the tuber cineremn. It is connected at the sides with the grey sub-

stance of the anterior perforated space, and forms part of the anterior

boundary of the third ventricle (fig. 290, Ic) : it is somewhat liable to

be torn in removing the brain from the skull ; and, in that case, an
apertm'e would be made into the fore part of the third ventricle.

THE CEREBRAL HEMISPHERES.
EXTERNAL CONFORMATION.

The cerebral hemispheres together form an ovoid mass, flattened

on its under side, and placed in the cranium with its smaller end forwards,

its greatest T\adth being opposite to the parietal eminences. They are

deeply separated in a large part of their extent by the great longitudinal

fissure.

Fig. 293.

—

Upper sur-

face OP THE BRAIN

SHOWING THE CONVOLTJ-

TiONS (from R. Wag-
ner). ^

This view was taken

from the brain of Professor

C F. Gauss, the mathema-
tician, who died in 1854,
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formed brain of the aver-

age size wilh fully deve-
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«, a, a, superior or

first frontal convolution
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frontal ;

«'', third or in-

ferior frontal ; A, A, as-

cending frontal convolu-

tion ; B, B, ascending
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;
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;
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;
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;
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lando

; p, the external
paHeto -occipital fissure

(which appears, in conse-

quence of the position of the brain, nearer to the posterior extremity than it really is).
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Each cerebral hemisphere has an outer, convex surface, in contact

Avith the yault of the cranium ; an inner or median, flat surface, which
forms one side of the longitudinal fissure ; and an irregular under sur-

face, in which is a deep cleft, the fissure of Sylvius. In front of this

cleft the under surface rests in the anterior fossa of the base of the skull,

and behind it in the middle fossa, and farther back still, on the tentorium
cerebelli.

The great longitudinal fissure (fig. 293, 1 1), seen upon the upper
surface of the brain, extends from before backwards throughout its whole
length in the median plane, and thus separates the cerebrum, as abeady
stated, into a right and left hemisphere. On opening this fissure, it is

seen, both before and behind, to pass quite through to the base of the

cerebrum ; but in the middle it is interrupted by a large transverse mass
of white substance, named the corims callosum or great commissure,
which connects tlie two hemispheres together. While the brain is within
the skull , this fissure is occupied by a vertical process of the dura mater
—the falx cerebri—which dips down between the twp hemispheres, not
quite reaching to the corpus callosum in front but touching it behind.

At a short distance beneath the anterior recurved end of the corpus

callosum and outwards from the lamina cinerea there is seen at the base

of each hemisphere the anterior perforated space (locus perforatus

anticus), a depression near the entrance of the Sylvian fissure, floored

with grey matter, and pierced with a multitude of small holes for the

passage of blood-vessels, most of which are destined for the corpus

striatum, beneath which it lies, and which here comes to the surface.

Tlie grey surface of each perforated space is crossed Tby a broad wliite band,
wMcli may be traced from the corpus callosum, backwards and outwards along-

the side of the lamina cinerea towards the entrance of the Sylvian fissure.

These bands of the two sides are named the jjechiiicles of the corpus callosum.

The surface of the hemispheres is composed of grey matter, and
is moulded into numerous smooth and tortuous eminences, named con-

volutions or gyri, which are marked off from each other hjfwroivs or

sulci of varying depth.

The convolutions are covered closely throughout by the vascular

investing membrane, the pia mater, which sends processes down to the

bottom of the sulci between them, while the arachnoid membrane passes

from one convolution to another, Avithout dipping between them. In

general, the depth of a convolution exceeds its thickness ; and its thick-

ness, near the summit, is somewhat greater than through its base. The
convolutions present considerable variations of position, direction and
complexity in the brain of different individuals, and even in the two
sides of the same brain.

Since the external grey or cortical substance is continuous over the whole
surface of the cerebral hemispheres, being found alike within the sulci and ripon

the gyri, it is obvious that a far greater extent of grey matter is thus exposed to

the vascular surface of the pia mater with a given size of the brain, than could

have been the case had the hemispheres been plain and destitute of convolutions.

The sulci between the convolutions are generally from half an inch to

an inch in depth, but vary in this respect both in different brains and in

different parts of the same brain. In general certain well-marked furroAVS
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can easily be recognised, which have been regarded as separating the

surface of the hemispheres into five lobes.

The lobes are termed i'es,]^QctWelj frontal, pai'ietal, occipital, tenvporo-

sphenoidal and central. The three former are in contact with the bones

after which they are named, though their limits do not correspond to

those of the bones ; the fourth occupies the middle or temporo-sphenoidal

fossa in the base of the skull, while the central lobe or island of Eeil,

which in the embryo is the first part to be formed, lies concealed by parts

of the others, which have grown over it in the course of development.

The divisions between these lobes will be better understood when the

convolutions and sulci have been described.

Formerly it was customary to divide each hemisphere into three lobes, an
anterior, in front of the fissure of Sylvius, a middle, behind that fissuie and rest-

ing in the temporo-sphenoidal fossa, and a posterior lobe behind it, resting on
the tentorium cerebelli. The division into five lobes, now generally adopted, W8.s

first made by Gratiolet.

To the five lobes above enumerated must be added a sixth, viz. : the

olfactory lode. This, often erroneously named olfactory nerve, appears in

man only in the form of a slender process of the brain with a bulbous

termination, lying along the under surface of the frontal lobe, but in

most animals it is a well developed part of the cerebral hemisphere.

It is convenient to make a distinction between those sulci Tvhich when first

seen in the embryo appear as infoldings of the whole thickness of the wall of

the vesicle of the cerebral hemispheres and those that only involve the superficial

parts of the hemisphere and as a rule make then appearance later. Of the former
there are five in all, viz., the Sylvian, the parieto-occipital, the calcarine, the
collateral, and the hippocampal. These complete sulci are characterized by the
fact that they correspond to prominences seen in the ventricles of the hemispheres,

whereas the other furrows are generally of less depth, then- situation in most
cases having been determined by the course of the blood-vessels, and they present

no indication internally. In the description we shall follow Pansch in reserving

the designation " fissures " for the complete sulci.

Interlobar sulci.—These are three in number, viz. :—the fissure of

Sylvius, the sulcus of Rolando, and the parieto-occipital fissure.

The fissure of Sylvius (fig. 294) commences at the outer side of a

depression the bottom of which is formed by the anterior perforated

space, and which is distinguished as the vallecula Sylvii. From this place

it passes transversely outwards to the lateral surface of the hemisphere,

where it divides into a short anterior ascending limb, and a longer

posterior horizontal limb. On the under surface the fissure is a deep
cleft of which the posterior hp is more prominent than the anterior.

The anterior or ascending limb (/. Sy. a), not quite an inch in length,

runs upwards and forwards into the frontal lobe, the lovi^est convolution

of which curves round it. Its end is generally bifid.

The posterior or horizontal limb (/. Sy. 2^) passes backwards between
the parietal and temporo-sphenoidal lobes, ascending slightly, through
about the middle third of the hemisphere. Its extremity is usually bent
upwards, and passes into the parietal lobe.

The group of convolutions which occupies the angle between the two
divisions of the fissure of Sylvius, has been collectively termed the oper-

culum of the insula (Broca). By turning the operculum forcibly upwaixls,

the fissure of Sylvius is opened up and the central lobe comes into view.
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The furroiv of Rolando or central sulcus (fig. 296, /. Ro. ; and fig-.

293, r), extends across the lateral convex surface of the hemisphere in-

terrupting the general longitudinal course of the gyri and sulci. It

commences above, near the vertex, close to the great longitudinal fissure,

and passes downwards and forwards to end a little behind the bifurcation

of the fissare of Sylvius, into the posterior limb of which it sometimes
but very rarely opens. Its position and direction are such that the

fissures of the two sides, seen from above, form a wide V-shaped figure,

open in front. It is rarely interrupted in its course, appears early in

foetal life (end of the fifth month), and is very uniform in man and in

the Quadrumana of the old w^orld, but is not present in mammalia gene-

rally. It is apparently caused by a venous communication between the

superior longitudinal sinus and the middle cerebral vein, which is well

marked in the foetus from the fom-th to the sixth month, but afterwards

becomes atrophied (W. Krause).

This furrow separates the frontal from the parietal lobe. The parallel

convolutions which bound it are named respectively the ascending

frontal and ascending parietal convolutions.

It is in the immediate neighbourhood of this sulcus that the chief of the so-

called motor areas of the cerebral cortex are situated.

Fig. 294.

Parict

Temporo- SplieiLoidial. L.

Fig. 294.—CONVOITTTIONS OP OUTER SURFACE OF RIGHT HEMISPHERE. FeOM A SIMPLT-
CONTOLUTED EUROPEAN BRAIN. About half the natural size (W. R. Gowers).

The convolutions are, for the most part, indicated by Roman, the furrows by italic

letters. The dotted,lines indicate the divisions into lobes, the names of which are given
in full at the margin of the hemisphere . /. lio. , furrow of Rolando ; jMr. -oc. f. ,

parieto-
occipital fissure

; /. Sjj. a., anterior limb, and /. Sy. p., posterior limb, of the fissure of
Sylvius: s.fr.c, m.fr.c, i.fr.c, superior, middle, and inferior frontal convolutions;
asc.fr. c, ascending ditto ; asc.par.c, ascending parietal convolution ; sup.pav. 1., superior
parietal lobule ; s.m.c, supra-marginal convolution ; ang.c, angular convolution ; inf.

,par. f., iutra-parietal furrow; s.oc.c, m.oc.c, i.oc.c, superior, middle, and inferior
occipital convolutions; p. n. prse-occipital notch; s.t.-s.c, m.t.-s.c, i.t.-s.c, superior,
.'middle, and inferior temporo-sphenoidal convolutions pll.f., parallel furrow ; a^, a", a?, a^;
first, second, third and fourth annectant convolution; c. l., -within the fissure of Sylvius,
central lobe, or Island of Reil.
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mhejMrieio-occipitalJissKre, is best marked on the median surface of the

hemisphere, where it appears as a deep cleft (fig. 297), extending down-
wards and a httle forwards from the margin of this surface to near the

posterior extremity of the corpus callosum. On the convex surface it is

continued transversely outwards for a variable distance, generally much
less than an inch, as the external2Xtrieto-orci]jitcdfissure{fig.2Q^,]jar.oc.f.)

This fissure is taken as the division between the parietal and occipital lobes.

The size of its external portion depends (inversely) on the size of the

convolution which curves round its outer extremity and connects the

parietal mth the occipital lobe. In consequence of the development in

man of this and similar connecting convolutions, this fissure is much less

marked in the human brain than in that of the higher apes (fig. 295).

It appears about the fom'th or fifth month.

Fig. 295.—Brain
OF Chimpakzee
(fromGratiolet).

Fr. L. , frontal

lobe ; Pai'.l., pa-

rietal lobe ; Oc.L.,

occipital lobe :

Temp. Spli. L.,

tempore - splienoi-

dal lobe ; Sylv.f.,

fissure of Sylvius
;

f.Sij.a., f.Sy. p.,

its anterior and
posterior limbs

;

/. EoL, furrow of

Kolando; tr.fr.f.,

transverse frontal

furrow ; int-par.f.

,

intra-parietal fur-

row ; par.-oc.f.,

parieto - occipital

furrow.

Tr.I

Fig. 295.

J'ar.L.

Oc.L.

The Eobes of the External Surface, with the Intralobular
Gyri and Sulci.

—

The Central Iiobe, or Island of Reil {insula)

(fig. 296), lies deeply within the commencement of the fissure of

Sylvius, being rarely visible except when the lips of that fissure are

separated. It is a triangular eminence, and consists of five or six

short, straight convolutions (gyri operti) which radiate outAvards

from a point just external to the anterior perforated spot. Ex-
ternally it is separated by a deep sulcus {external suJnts of Reil)

fi'om the contiguous convolutions of the operculum, i.e., the extremity

of the ascending parietal, ascending frontal, and inferior frontal

convolution. Anteriorly it is limited by a nearly transverse sulcus

{anterior sulcus of Eeil) which runs from the vallecula into the anterior

limb of the fissure of Sylvius, and serves to separate the island from the

posterior orbital convolution of the frontal lobe, except mesially. Pos-

teriorly it is also bounded by a deep groove {'posterior sulcus of Eeil)

which runs from the vallecula into the j^osterior limb of the fissure of

Sylvius and separates the island fi-om the upper surface of the temporo-
sphenoidal lobe. The island of Eeil covers the lenticular nucleus of

the corpus striatum. It appears earlier than any other division of the

cerebrum, both in the foetus and in the animal series, and is at first,
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therefore, prominent ; but it becomes gradually covered in by the parts
of the hemisphere which are subsequently developed.

Olfactory lobe.—From the front of the anterior perforated spot
a nerve-like process extends—the olfactory tract (fig. 296, olf.t^). It is

lodged in a hollow (olfactory sulcus) in the under"(orbital)' surface of
the frontal lobe of the cerebral hemisphere, close to the longitudinal
fissure. It ends in front in an oval swelling—the olfactory bulb,

Avhich consists chiefly of grey substance, and gives origin to the small
nerves which proceed, through the foramina of the ethmoid bone, to the
nose. Traced backwards, the olfactory tract bifurcates near the front

of the anterior perforated space, and is continued into two divergent
white bands or strife, which are known as its roots. The outer root

Yi". 296. Fig. 296.

—

Orbital surface op the
IfRONTAL LOBE, AND ISLAND OF ReIL.
Natural size. (Turner).

The island {I.R. ) is exposed by removal
of the apex of the temporo-sphenoidal

lobe. T.S., cut ridge of this lobe
;

a.p.s., anterior perforated space; a.s.R.,

p.s.Ii., anterior and posterior limiting

sulci of the island ; op, operculum of

the island. tr.s., tri-radiate sulcus;

i.o.c, a.o.c, and p.o.c, internal, an-

terior, and posterior orbital convolu-

tions ; olf.s., end of the olfactory sulcus
;

olf.tr., olfactory tract, bifurcating be-
hind into the two roots inner and outer ;

m, middle root or tuber olfactorium.

passes, as a white streak, out-

wards and backwards along the

anterior margin of the perforated

space, towards the Sylvian fis-

sure, where it disappears from
the surface. The mner root

passes obliquely inwards to the

side of the great longitudinal

fissure between the hemispheres.

Between the two roots a tri-

angular area of grey matter is

enclosed, which is continuous behind with the grey matter of the

anterior perforated lamina. The area in question forms the base of

a small pyramidal lobule, named the fuder olfactorium, which is re-

ceived into a corresponding depression on the under surface of the

frontal lobe, with the grey cortex of which it is continuous. It

is composed ©f white substance internally, which is in continuity

above with that of the fr'ontal lobe, and anteriorly with the olfactory

tract.

This olfactory tubercle is often described as the middle or grry root of the
olfactory tract : and white fibres are sometimes prolonged from that tract over its

surface and pass to the anterior perforated lamina.

The Frontal Lobe is the portion of the brain in front of the furrow
of Eolando, and above and in fr'ont of the fissure of Sylvius. On the
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median surface there is no corresponding demarcation, unless the

calloso-niarginal fiirrow is regarded as forming a boundary to the lobe

on this surface. The inferior surface of the frontal lobe, which is in

contact with the orbital plate, is called the orUtal surface ; the upper

arched aspect is the frontal surface.

Convolutions and furrows on the frontal surface.—The convolu-

tions of the frontal lobe on the frontal surface, are four in number, three

antero-posterior, one above the other, and one transverse behind them.

The transverse or ascendingfrontal convolution (fig. 294, asc. fr'. c, fig.

293 A.A.) (anterior central convolution) is placed in front of the furrow

of Rolando, which it thus bounds. Below, it commences a little behind
the bifurcation of the fissure of Sylvius, and thence courses upwards and
backwards to the margin of the great longitudinal fissure. Its prolonga-

tion on the median surface of the hemisphere forms part of the paracentral

lobule. It is commonly connected above, and almost invariably below,

with the convolution (ascending parietal) behind the furrow of Rolando,

and thus that sulcus is isolated.

The portion of the frontal surface anterior to this convolution is

occupied by complex gyri running more or less in an antero-posterior

direction, and usually to be distinguished into three, an upper, middle,

and lower. These are generally continuous superficially with the ascend-

ing fr'ontal ; and they are usually in their course connected one with
another by secondary convolutions. They are as follows :

—

The su])erior frontal convolution (s. fr. c), situated at the margin of

the great longitudinal fissure, commences generally at the upper end of

the ascending frontal, and extends to the anterior extremity cf the

hemisphere, where it passes over to the orbital surface and becomes the

inner convolution. The inner aspect of this convolution appears on the

median surface of the hemisphere, where it is known as the marginal
convolution.*

The middlefrontal convolution (m. fr. c.) arises deeply or superficially

from the ascending ft^ontal below the last, and running forwards turns

round the margin of the lobe to become continuous with the middle
orbital. It is usually broad, and often much subdivided.

The inferior frontal convolution (i. fr. c.) forms the lower and outer

portion of the frontal lobe. It arises from the lower extremity of

the ascending convolution, just above the bifurcation of the fissure

of Sylvius, arches round the ascending limb of that fissure, and
passes on to the inferior surface of the hemisphere, as the posterior

orbital gyrus.

The transverse frontal furrow (fr. fr?) (j)r£ecentral sulcus) lies jt

front of the ascending fr-ontal convolution, and parallel to the lower half

of the furrow of Rolando. Its extent depends on the mode of origin of

the middle and inferior frontal convolutions fr^om the ascending fr'ontal.

When these arise superficially the furrow is interrupted, and may be
inconspicuous ; when the inferior frontal convolution arises deeply, this

furrow is continuous with the fissure of Sylvius, and it has, in con-
sequence, been regarded as the prolongation of the ascending limb of

that fissure.

Two antero-jMsterior sulci, the superior and inferior frontal, separate

* It will be convenient to defer the complete description of the convolutions v/hich
appear on the median surface, until that surface is considered as a whole.
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the corresponding convolutions from the middle frontal : they are often

very irregular, being bridged over by secondary convolutions.

Convolutions and furrows on the orbital surface {fig. 296).—The
orliial or tri-orulicde sulcus lies in the centre of this surface of the lobe,

and usually has three arms, one passing forwards, one curving outwards,

and another backwards and inwards.

Three convolutions are described as lying around the orbital sulcus,

and named according to their position, the inner, the anterior, and the

posterior or outer. The last of these is continuous at the side with the

inferior frontal, the first and second are the continuations of the superior

and middle frontal convolutions.

On the inner gyrus is seen the olfactory sulcus in which the olfactory

tract and bulb lie. It has a straight course parallel with and near the

great longitudinal fissure.

The Parietal Lobe lies behind the frontal and in front of the

occipital lobe. The temporo-sphenoidal lobe is below it. It is bounded
in front by the sulcus of Rolando, behind by the parieto-occipital

fissure, and by a continuation of the line of that fissure to the lateral

boundary. It is limited by the posterior limb of the fissure of Sylvius

as far as this preserves its horizontal direction, and then by a line

continuing that direction to the posterior boundary, but above and
mesially it extends within the great longitudinal fissure and appears on
the inner side of the hemisphere.

Sulci and gyri of the parietal lobe.—The intra.parietal sulcus (fig.

294, int. j^ar. /.) arches through the parietal lobe, commencing in

its anterior inferior angle, where it is sometimes, though rarely, con-

tinuous with the fissure of Sylvius. It ascends at first parallel to the

furrow of Eolando, and then turns backwards horizontahy to the back
of the lobe, extending nearly to the termination of the external parieto-

occipital fissure, past which it is often continued into the occipital lobe.

Its horizontal portion divides the parietal lobe into two parts, the

superior and inferior parietal lobules, and it is frequently bridged across

by a secondary convolution connecting those lobules.

The ascending parietal (or posterior central) convolution (fig. 293, B, B,

fig, 294, asc. par. c.) lies behind the sulcus of Rolando, and parallel to the

ascending frontal convolution, with which it is usually continuous, both

above and below, the connection below being larger than that above.

In its lower half the ascending parietal convolution lies in front of the

anterior part of the intraparietal sulcus. Above, it is continuous with

the superior parietal convolution.

The superiorparietal convolution or lolule (fig. 294, sup. par. 1.) is that

part of the parietal lobe which lies above the intraparietal sulcus, and
behind the upper part of the last described convolution, from which it is

imperfectly separated by a slightly marked groove (postcentral sulcus)

which is sometimes a branch of the intraparietal. Its posterior

limit is the boundary of the parietal lobe, viz., the external parieto-

occipital fissure, outside the extremity of which a narrow convolution

usually connects this lobule with the occipital lobe, and is termed the

first connecting or annectant convolution. The superior parietal is con-

tinuous on the mesial surface of the hemisphere with the quadrate lobule.

The inferioi' parietal lolule lies behind the ascending and below the

horizontal part of the intraparietal sulcus. It is divided into two, a

supramarginal gyrus, above and in front of the extremity of the
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Sylyian fissure, and an angular gyrus behind it. The supramarginal

convolutio7i (s.m.c.) lies behind the lower end of the intra^Darietal sulcus,

beneath which it is usually continuous with the ascending parietal

convolution. It arches over the upturned extremity of the fissure of

Sylvius, and becomes continuous with the superior temporo-sphenoidal

convolution. The angular gyrus (ang. c.) is connected in front with

the supramarginal, bends over the end of the parallel sulcus, and is

continued downwards into the middle temporo-s|)henoidal convolution.

Behind it is connected with the occipital lobe by means of one or two
(second and third) annectant convolutions.

The Occipital Iiolje of pyramidal shape, lies behind the parietal,

and forms with its rounded apex the posterior extremity of the hemi-
sphere. At its lower and fore part, it is continuous with the temporo-
sphenoidal lobe. It occupies the superior fossa of the occipital bone,

and rests on the tentorium. Its limits are in some degree artificial. In
front it is bounded by the external parieto-occipital fissure, and by a

line continuing the direction of the fissure across the annectant con-

volutions to meet the inferior boundary of the parietal lobe, and thence

prolonged to the lower edge of the external surface of the hemisphere

at the anterior edge of the tentorium. There is generally a notch
(pr£e-occipital notch, fig. 294, j». oi.) at this lower border, and a curved

line extending from this notch to the parieto-occipital fissure, would
mark off the lobe externally, often coinciding for a short distance with
an oblique farrow which may be found running between it and the

temporo-sphenoidal lobe.

Convolutions and furrows of the occipital lobe.—On the dorsal sur-

face three convolutions are commonly described, siqieriar, middle, and
inferior (fig. 294). They are continuous with the convolutions of the

parietal and temporo-sphenoidal lobes by the four a7inectant or connecting

convolutions, of which the first, passing round the extremity, or in rare

cases deeply across the bottom, of the external parieto-occipital fissure,

connects the superior occipital convolution with the superior parietal

lobule, the second unites the middle occipital and angular convolutions,

the third connects the middle occipital with the lower end of the

angular or the middle temporo-sphenoidal, and the fourth connects the

inferior occipital with the inferior temporo-sphenoidal convolution (a^,

a^, c^, a^). The three occipital convolutions are separated by two fur-

rows, the superior and middle occipital, of which the superior is often

continuous with the intraparietal. There is also generally a small groove

directed outwards across the upper part of the occipital lobe a little

behind the parieto-occipital fissure. This is named the transverse occi-

pital sulcus, and represents the outer portion of the external perpendicular

fissure of the ape's brain.

At the lateral edge of the lobe is another furrow, the inferior occipital,

which serves to separate the inferior occipital convolution from the

occipito-temporal on the under surface of the lobe. The superior

occipital convolution on the other hand has no sulcus bounding it at the

mesial edge of the hemisphere, but passes continuously into the cuneate

lobule on the mesial surface.

On the mesial (under) surface of the occipital lobe are the posterior

parts of the occipiito-tempiorcd convolutions, which, as well as the furrows

separating them, will be described with the convolutions of the inner
surface of the hemisphere.
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The longitudinal venous sinus in passing down-wards causes an impression on
tlie posterior surface of tlie occipital lobe, at the mesial border (Bastian). This
impression is generally found on th.e right side, but sometimes on the left.

The Temporo-sphenoidal lol>e is bounded in front and above by
the commencement and posterior limb of the fissure of Sylvius. Behind,

it is continuous with the occipital lobe, and above with part of the

parietal lobe. It is somewhat pyramidal in shape, having three surfaces,

viz., lateral, superior and inferior, the last concealed within the fissure

of Sylvius. The rounded apex of the pyramid is free, and hes in front

beneath the orbital surface of the fi-ontal lobe fi-om which it is separated

by the broad commencement of the Sylvian fissure.

Sulci and gyri of the temporo-sphenoidal lobe.—The upper sur-

face of this lobe is marked by two or three transverse temporal gyri

(Heschl). On the lateral and under surfaces there are three sulci with an
antero-posterior direction. The first or superior tenvporo-sphenoidal sulcus,

also termed from its relation to the Sylvian fissure the parallel sulcus

(pll.f.), is an important furrow, appearing in the sixth month, and being

constant in the Primates. It is sometimes interrupted by a small gyrus

connecting the convolutions above and below it. The middle temporo-

sphenoidal sulcus runs parallel to and below the last but is far less

constant in extent and direction. It is also generally interrupted by a

vertical connecting gyrus. The inferior temporo-sphenoidal sulcus is seen

on the under sm-face of the lobe extending behind nearly to the pre-

occipital notch.

Three nearly parallel convolutions can usually be distinguished on the

lateral surface of this lobe ; a superior (inframarginal (fig. 294,s.t-s. c.))

bounding below the posterior limb of the Sylvian fissure, and continuous

behind with the supramarginal and to a less extent with the angular

convolution of the parietal lobe, a middle (m. t-s. c.) continuous with

the angular gyrus, and with the middle occipital convolution by means
of the third annectant gyrus, and an inferior (i. t-s. c.) continuous with

the inferior occipital through the fourth annectant gyrus.

The anterior parts of the two occijnto-temporal convolutions (the pos-

terior parts of which belong to the occipital lobe) are seen on the under
or mesial surface of the temporo-sphenoidal lobe. They are sejDarated

by the coDateral fissure.

Gyri and sulci on the mesial and tentorial surfaces of the
hemisphere (fig. 297). The following furrows and convolutions are

seen on this smface :

—

The calcarine fissure (fig. 297, calc.f^ commences by a forked end
near the posterior extremity of the hemisphere, and extends forwards,

being joined about halfway in its course by the internal parieto-ocoipital,

to terminate a short distance beneath the posterior extremity of the

corpus callosum. It corresponds to the projection of the hippocampus
minor (calcar avis) in the posterior cornu of the lateral ventricle.

The calloso-marginul sulcus (c. m.f.) commences beneath the anterior

extremity of the corpus callosum, and courses first forwards, then up-
wards, and then backwards, parallel with the edge of the longitudinal

fissure ; finally it turns obliquely or vertically upwards to end at this

edge a short distance behind the upper extremity of the sulcus of

Rolando. It separates the marginal convolution from the convolution of
the corpus callosum.

The hippocampal or dentatefissure {d.f.) commences within the posterior
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extremity of the gyrus fornicatus, which separates it from the end of the

calcarine fissure. Thence it extends downwards and forwards, ending

below in the notch of the uncinate convolution. This fissure corresponds to

the elevation of the hippocampus major in the floor of the lateral ventricle.

The internal parido-occipital fissure {par-oc. /.) is a large and deep
sulcus which extends downwards and forwards to join the calcarine fis-

sure. It assists the calcarine in forming the projection into the lateral

ventricle known as the calcar avis.

The co?Zafera?/?ssMre(occipito-temporal,coZ?./.)is so named fi'omthe fact

that extending deeply into the substance of the hemisphere it projects in

the descending cornu of the lateral ventricle as the eminentia collateralis.

It runs between the superior and inferior occipito-temporal convolutions.

The cuneate lobule (occipital lobule) is a wedge-shaped area lying be-

tween the internal parieto-occipital and the calcarine fissures. As already

stated it is the mesial part of the superior occipital convolution.

Fig. 297.

Q.TiaaTate.l„

Fig. 297.—CONTOLTJTIONS OF THE MESIAL AND TENTORIAL SURFACES OF THE RIGHT
HEMISPHERE. From A SIMPLY CONVOLUTED EUROPEAN BRAIN. About half the natural

size. (Gowers.)

Marg. c, marginal convolution; g. forn., gyrus fornicatus or convolution of the

corpus callosum ; unc. c. , uncinate convolution ; i. oc. -temp. c. , inferior occipito-temporal

convolution : d. c. , dentate convolution
; /. Ro. , depression corresponding to the upper

extremity of the furrow of Rolando
; par.-oc. /'., parieto-occipital fissure ; calc. /., cal-

carine fissure ; coU. /., collateral fissure ; d. f., dentate fissure ; t. h., ttenia hippocampi.

The quadrate lolule (precuneus) is a four-sided area lying between
the internal parieto-occipital fissure behind, and the termination

of the calloso-marginal fissm^e in front. It is variously subdivided

into small gyri, and is continuous above with the superior parietal

lobule, and below with the gyrus fornicatus. The quadrate lobule

belongs to the parietal lobe of the hemisphere.
The marginal convolution (marg. c.) commences in front of the anterior

perforated spot, and extends along the edge of the longitudinal fissure as

far as the termination of the calloso-marginal fissure at the upper margin
of this surface. Over this margin it is continuous with the dorsal part

of the superior frontal convolution, and with the continuation of this on
the orbital surface'. It is commonly broken up by secondary sulci, one

z 2
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of whicli often runs parallel to part of the calloso-margmal sulcus. A
secondary convolution not uncommonly connects it with the next gyrus.

The convolution of the corpus callosum or gyrus fornicatus (g. forn., fig.

297), commences near the anterior perforated spot, and, turning round
the anterior extremity of the corpus caUosum, runs backwards along its

upper surface, and then, bending down behind its posterior extremity,

becomes continuous with the uncinate convolution. It is bounded in

front and superiorly for about two-thirds of its extent by the caUoso-

marginal fissure. Between it and the corpus callosum is a well marked
groove—the fuiTOW of the corpus callosum. The hinder part of the gyrus
fornicatus is connected above with the quadrate lobule, and joins below
the uncinate convolution.

The dentate convolution (fascia dentata, fig. 297, d c, fig. 298, c), lies

within the fissure of the same name. It is so termed from the notched
appearance it presents in its lower part. It here forms the limit of the

superficial grey matter of the hemisphere, for immediately above it is the

white fimbria or teenia hippocampi (t h) prolonged from the fornix, and
above this again the invagination of the pia mater with its choroidal

plexus into the lateral ventricle of the hemisphere. Both fascia dentata

and fimbria blend in front with the uncus. In some animals this con-

volution is much better developed than in man, in whom it is com-
paratively rudimentary

"Pier 9QS
"'"

* Fig. 298.

—

Section op the eight hippocampus major
TO show the ARRANOEMENT of the grey and "WHITE

SUBSTANCE (from Mayo).

a, white layer on the surface of the hippocampus end-

ing in the fimbria ; h, grey substance of the hippocampus ;

c, fascia dentata ; d, uncinate convolution ; between c and
d dentate fissure ; e, placed on the eminentia collateralis

within the cavity of the lateral ventricle.

The superior occipito-temporal or tmcinate con-

d volution extends forwards from near the pos-

terior end of the hemisphere to within a short distance of the apex

of the temporo-sphenoidal lobe. Anteriorly it is bent sharply up into

a hook-like extremity (uncus). Beneath the posterior extremity of the

corpus caUosum this convolution is joined by a narrow part (isthmus)

of the gyrus fornicatus. Above are the hippocampal and calcarine fis-

sures, whilst the collateral fissure runs below it. The grey matter of the

anterior half of this gyrus is covered by a reticular layer of white sub-

stance derived ft-om the tsenia of the corpus callosum. The part below

the calcarine fissure is sometimes distinguished by the name of the

lingual lolule.

The inferior occiinto-tempoi'al convolution is of considerable length,

extending from the apex of the temporo-sphenoidal lobe backwards to

near the posterior extremity of the hemisphere. It lies between the

collateral fissure and the inferior temporo-sphenoidal sulcus.

Ijimbic lobe.—Most of the convolutions on the inner surface of the hemi-

sphere can be refen-ed to one or more of the lobes marked out on the external

or dorsal surface. But this is not the case with the gyrus fornicatus and its pro-

longation the anterior part of the uncinate gyrus, which are for the most part

well marked off in nearly all mammals from the sm-rounding convolutions. For
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this and other reasons they have been regarded by Broca as constituting a
distinct lobe of the hemisphere (grand lobe limbique).

To the parts iacluded in this lobe of Broca Schwalbc adds the other central

parts of the mesial wall of the hemisphere, viz., the lamina septi lucidi and the

dentate convolution, as well as the fornix which may be said to unite them

;

looking upon these as representing an inner encircling convolution concentric

^vith the gyrus fornicatus and uncinatus, and naming the whole lobe thus consti-

tuted, the " falciform lobe."

It is worthy of note that the two ends of the limbic lobe of Broca, which are

separated by the deep part of the Sylvian fissure, are indirectly united with one
another by the roots of the olfactory tract, so that the olfactory lobe, of which
this foiTHS a part, is in ultimate connection with the limbic lobe. This connec-

tion is much more conspicuous in animals.

EELATION OF THE CEREBRAL FISSURES AND CONVOLUTIONS TO THE
CRANIAL SUTURES.

This relation was first determined exactly by Broca, and subsequently

has been more extensively mapped out by Turner and Hefftler. Broca
inserted pins through the cranium at particular points in the cranial

sutures, and noted the situation of the chief fissures with reference to

the parts of the cerebral surface pierced by the pins. Turner's method
consisted in carefully removing successive portions or regions of the

cranial wall, and dehneating upon the removed parts the fissures which
were exposed by their removal.

The most important facts which have been determined by these

Fig. 299.

Fig. 299.

—

Outline sketch of the skull, with the position ov some of the
PRINCIPAL cerebral SULCI MARKED UPON IT (from a drawing by G. D. Thane). ^

Sy, Sylvian fissure; S)/.a., Sy.p., its anterior and posterior limbs
; f.R., furrow of

Rolando ; tr.fr.f., transverse frontal furrow ; i.par.f., intraparietal furrow; p.o., position

of the parieto-occipital fissure; ^ar.j. parallel furrow; m.t.s.f., middle temporo-

sphenoidal furrow.
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methods refer to the Sylvian fissure, the parieto-occipital fissure, and the

sulcus of Eolando.

The Sylvian fissure.—The commencement of this nearly corre-

sponds with the suture which unites the anterior inferior angle of the

parietal bone with the great wing of the sphenoid. From this point

the anterior limb passes up for a short distance nearly parallel with and
close to the coronal suture, whilst the posterior limb runs at first along

the line of the squamous suture, but afterwards, as this arches down-
wards, is continued beyond it, curving slightly upwards towards the

middle of the parietal bone.

The parieto-occipital fissure generally corresponds to the upper

end of the lambdoidal fissure, being on a level with the lamMa (see Yol. I.,

p. 80).

The sulcus of Holando runs behind the coronal suture, but separated

from it by a considerable interval. It is not exactly parallel to the

suture, being about one and a half to two inches from it above, and
approaching nearly to a distance of one inch from it towards the lower

end.

The usual position of several of tlie other sulci of the outer surface is indicated

in the accompanying- figfure.

INTEENAL PAETS OF a?HE CEBEBRAL HEMISPHERES.

The anatomy of the interior of the cerebrum is most conveniently

studied, after the manner of Vieussens and Yicq-d'Azyr, by removing
successive portions of the hemispheres by horizontal sections, beginning

from above.

The first horizontal section, to be made about half an inch above the

corpus caUosum, displays the internal white matter of each hemisphere,

speckled with red spots where its blood-vessels have been divided, and
surrounded on all sides by the gTey matter, which is seen to follow

closely the convoluted surface. This white central mass in each hemi-

sphere was named by Yicq-d'Azyr centrum ovale minus.

Another section being made at the level of the corpus callosum, the

white substance of that part is seen to be continuous with the internal

medullary matter of both hemispheres : and the large white medullary

mass thus displayed, sm-rounded by the border of cortical substance, con-

stitutes what is generally described as the centrum ovale of Vieussens.

The corpus callosum or great commissure (trabs cerebri) (fig.

300), a white structure which connects the two hemispheres through-

out nearly half their length, approaches closer to the front than

the back of the hemispheres. It is about an inch in width behind,

and somewhat narrower in fi'ont. Its thickness is greater at the ends

than in the middle, and is greatest behind, where the commissure is

nearly half an inch thick. It is arched from before backwards, its lower

surface being concave and its upper surface convex. Its upper surface is

distinctly marked by transverse furrows, which indicate the direction of

the greater number of its fibres. It is also marked in the middle by a

longitudinal furrow {rajjhe), which is bounded by two white tracts,

placed close to each other, named the mesial longitudinal strice (fig.

300, 3). On each side, near the margin, are seen other longitudinal

lines (lateral longitudinal strice or ta}7iicB tectce) occasioned by scanty

white fibres, which form part of a larger bundle lying in the substance

of the hemisphere.
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In front, the corpus callosiim is reflected downwards and backwards,

forming a bend named the genu (fig. 258). The inferior or reflected

portion, Avhich is named the rostrum, becomes gradually narrower as it

descends, and is connected with the lamina cinerea. It gives off also

two bands of white substance, the peduncles of the corpus callosum,

which, diverging from one another, run backwards across the anterior

jjerforated space on each side to the entrance of the Sylvian fissure

(see p. 330). These peduncles traced upwards around the genu are

found to be continued into the mesial longitudinal striee, Avhich pos-

teriorly pass in a divergent manner into the occipital lobes.

Behind, the corpus callosum terminates in a free thickened border,

named the splenium.

The under surface of the corpus callosum is connected behind with
the fornix, a structure to be presently described, and in the rest of its

length with the septum lucidum, a vertical partition between the two
lateral ventricles, which is included in the anterior bend of the corpus

callosum. On the sides the corpus callosum roofs in the body and
anterior cornu of the lateral ventricles. The enlarged posterior part or

splenium lies over the mesencephalon, with pia mater between.

Fig. 300. — View Fig. 300.

OF THE CORPUS
CALLOSUM FROM
ABOVE (from

Sappey after Fo-

TiUe). i

The upper sur-

face of the corpus

callosum has been
fully exposed by
separating the ce-

rebral hemispheres

and throwing them
to the side ; the gy-

rus fornicatus has

been partly de-

tached, and the

transverse fibres of

the corpus callo-

sum traced for

some distance into

the cerebral medul-

lary substance.

1, the upper sur-

face of the corpus

callosum ; 2, me-
dian furrow or

raphe ; 3, longitu-

dinal strise boiiad-

ing the furrow

;

4, swelling formed
by the transverse

bands as they pass into the cerebrum, arching over the side of the lateral ventricle ; 5,

anterior extremity or knee of the corpus callosum ; 6, posterior extremity ; 7, anterior,

and 8, posterior fibres proceeding from the corpus callosum into the frontal and occipital

lobes respectively ; 9, margin of the swelling ; 10, anterior part of the gyrus fornicatus
;

11, fissure between the corpus callosum and this convolution opened out ; outside 12, is

the termination of the calloso-marginal fissure, and before 13 is the parieto-occipital

fissure; 13, upper surface of the cerebellum
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Althoogli it lias a few longitudinal wMte fibres on its surface, tlie corpua
callosum consists almost entirely of fibres having a transverse course, and
spreading on each, side in a radiating manner into the substance of the hemi-
spheres. The greater thickness of the corpus callosum at its anterior and posterior

extremities than in the intervening part is due to the increased aggregation of
the fibres in the two former situations, and the greater thickness of the posterior

extremity is attributable to the mass of the cerebral hemisphere which is behind
the corpus callosum being larger than that in front.

The fibres are arranged in flattened bundles with the long axes of the bundles
vertical but becoming horizontal at the ends. In their passage into the parietal

lobes and into the posterior part of the frontal lobe their direction is nearly
transverse, but from the genu they curve round into the anterior part of the
frontal lobe, and from the posterior end or splenium they arch round the posterior

and inferior comua of the lateral ventricle, forming the upper and outer wall
of those pai-ts of the cavity, into the temporo-sphenoidal and the lower part of
the occipital lobes. Lastly, from the under part of the splenium fibres pass with
a bold sweep (forceps major) into the posterior and superior parts of the occipital

lobes.

Ventricles of the cerebral hemispheres, lateral ventricles,

or ventriculi tricornes.—By making a longitudinal cut through the

corpus caUosum at a short distance on each side of the middle line,

and about midway between the two ends of the hemispheres, an open-

ing is made into the right and left lateral ventricles (ventricles of the

cerebral hemispheres).

Each lateral ventricle is connected by the cleft-like foramen of Monro
mth the anterior part of the third ventricle. In front of this communi-
cation the ventricle passes with a slight curve outwards and downwards
into the frontal lobe of the hemisphere to form the anterior cornu (fig.

301, g), behind, the cavity extends backwards, with a slight curve out-

wards, as the l)ody of the ventricle beneath the lateral part of the

corpus callosum, and reaching as far back as the splenium of the latter.

Here it bifurcates into a shorter jwos^erwr cornu (Ji), curving imvards and
backwards into the occipital lobe, and a longer inferior or descending

cornu (q), curving downwards and forwards to about an inch from the

apex of the temporo-sphenoidal lobe. The whole ca^aty has therefore

a general arched form, well shown in casts of the interior, the con-

vexity of the arch being directed backwards, outwards and downwards,
with an anterior and a posterior prolongation, this form having been

assumed with the successive development of the lobes of the hemisphere

around the first-formed central lobe.

The body of each lateral ventricle is roofed by the corpus callosum

a,nd its lateral extension, and is separated from its fellow by a hollow

vertical partition, the septum lucidum, which extends between the corpus

callosum and the fornix. In the floor of the ventricle there are seen in

succession from the inner side and behind, (1) part of the fornix, a

thin longitudinal layer of white substance, broader behind than in

fi'ont (fig. oCl,/) : (2) the choroid 2Jlexus of the lateral ventricle (fig.

301, c), a red vascular fringe, which is covered by epithelium continuous

with that lining the ventricle, and projecting from below the fornix,

forms the border of the velum interpositum : (3) part of the optic

thalamus, appearing fi'om beneath the choroid plexus (fig. 301, I) :

(4) a narrow flat band, the tcenia semicircidaris or stria terminalis (s),

which separates the optic thalamus fi-om : (5) an elongated pyriform

eminence of grey matter which extends into the anterior and inferior

coruua, and is known as the nucleus caudatus of tlie corpus striatum (Jc).
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The anterior cormc (fig. 301, g) is the blind anterior extremity of the

ventricle, projecting a little way into the "white substance of the frontal

lobe. It is covered by the corpus caUosum, and turns forwards and out-

wards round the enlarged anterior extremity of the nucleus caudatus, de-

cending as it proceeds, and bounded below and externally by that body,

in front by the reflected part of the corpus callosum, and mesially by
the septum lucidum.

Fig. 301.

—

The lateral
VENTRICLES OPENED BY
EE3I0TAL OP THE MID-

DLE PART OF THE CORPUS

CALLOSDM, AND THE DE-

SCENDING COENU EXPOSED
ON THE EIGHT SIDE. h,

a, h, anterior and pos-

terior parts of the great

longitudinal fissure ; c,

section of the anterior part

of the corpus callosum ; d,

posterior part of the same
;

e, the left choroid plexus
;

/, the fornix
; ff,

the an-

terior ; h, the posterior,

and g, the descending cornu

of the lateral ventricle

;

I", Jc, corpora striata ; I, I,

optic thalami ; n, n,

right and left hippocampus
minor ; o, posterior pillar

of the fornix ; v, the fim-

bria into which it passes
;

q, on the cornu ammonis
or hippocampus major ; h,

on the medullary sub-

stance of the cerebral

hemisphere ; r, part of the

grey cortical substance

showing the white stria of Vicq-d'Azyr

Fig. 301.

s, tiBnia semicircularis
; y, eminentia collateralis.

The inferior or descending cornu (q) turns round the back part of the

optic thalamus, which is separated from its cavity by the choroid plexus

with its epithelial covering. At its commencement it is directed back-

wards and outwards ; then, passing downwards with a sweep, it curves

forwards, and at its extremity has a marked inclination inwards. Its

roof is formed by the fibres of the corpus caUosum which are arching

over it to pass to the temporo-sphenoidal lobe, and into it is prolonged a
continuation of the taenia semicircularis and the posterior tapering part

of the nucleus caudatus, akeady seen in the body of the ventricle. Near
the end of the cornu a considerable prominence, the amygdaloid hibercley

is seen in the roof, and forms also the terminal boundary of the cornu.

The principal object upon its floor is the hippocampus major (cornu

ammonis), a large white eminence extending the whole length of the

cornu (fig. 302, 5', 6'). This eminence becomes enlarged towards
its anterior and lower extremity, and is indented or notched on its edge, so

as to present some resemblance to the paAV of an animal (pes hippocampi).
The white fibres of its surface form only a thin layer, and beneath
them is grey matter continuous with that of the surface of the hemi-
sphere, this emineiice within the ventricle corresponding to the depres-
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sion of the hippocampal fissure on the outside. Along the concave

mesial edge of the eminence the white superficial layer (fig. 298, a) is

thickened to form a narrow white band named fimbria or tcenia

Miopocampi (fig. 302, 6), which is prolonged fi-om the posterior pillar

of the fornix ; mesial to and above the fimbria is a part of the choroid

plexus, covered next the cavity by epithelium prolonged from that lining

the cavity. If the pia mater with the choroid plexus be pulled away,

the epithelium covering the latter is removed with it, and the cornu is

made to communicate with the surface of the brain along the whole

length of its inner side (inferior fissure of the cerebrum).

The grey matter of the hippocampus major is continuous externally

and below with that of the uncinate convolution and internally with

the fascia dentata, which forms, as shown in figure 298, a free edge to

the superficial grey matter of the hemisphere, the corresponding edge

of the white matter being formed by the fimbria. At the end of the

cornu the hippocampus is continuous with the uncus.

Fiff. 302. Fig. 302.

—

Lower and back part op thk
CEREBR0JI OF THE LEFT SIDE, SHOWING THE
POSTERIOR AND DESOENDING OORNUA OF THE
LATERAL VENTRicFiE OPENED (altered froiu

Hirschfeld and Leveille). J

1, Apex of temporo-splienoidal lobe ; 1', un-

cinate convolution ; 2, cut surface of the cere-

bral bemispliere ; 3, point of the posterior

cornu of the lateral ventricle ; 3', eminentia
collateralis ; 4, cut surface of the lower and
back part of the corpus callosum divided near

the middle ; 4', placed on the extension of the

corpus callosum into the cerebral hemisphere,

points by a line to the hippocampus minor in

the posterior cornu ; 5, cut edge of the posterior

pillar of the fornix passing down at 5', into the

hippocampus major and fimbria ; 6, placed on
the hippocampus major points to the fimbria

;

6', pes hippocampi ; 7, fascia dentata.

The ijosterior cornu (fig. 301, h)

projects backwards into the substance

of the posterior lobe. At its extremity

it is pointed, and directed inwards.

Its outer wall is formed, like that of the descending cornu, of the arching

fibres passing from the corpus callosum to the temporo-sphenoidal lobe

and to the lower part of the occipital lobe. The floor is formed by the

medullary substance of the occipital lobe, covered, of course, as is the case

with the inner surface of the ventricle eveiywhere, by ependyma lined

with epithelium. On the inner wall is a curved and pointed longitudinal

eminence, named Mj^pocampus minor, ergot, or calcar avis, and above
this is another longitudinal eminence (bulb of the piosterior cornii),

caused by the bundle of fibres which form the forceps major curving
round from the splenium of the corpus callosum to enter the occipital

lobe. At the junction of the posterior with the descending cornu,

between the hippocampus major and minor, is a smooth eminence,
named eminentia collateralis, or pes accessoritis, which may extend some
way down the descending cornu behind the great hippocampus.
The calcar avis or hippocampus minor is the convex side of the fold of
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cortical substance wtiicli forms the calcarine sulcus, and in like manner
the eminentia collateralis corresponds with the collateral sulcus.

Tlie hippocampus minor is not peculiar to the human brain as was at one time

thought, but is found in the brains of quadrumana. In the human subject the

posterior comu varies greatly in size, and the hippocampus minor is still more
variable in its development, being sometimes scarcely to be recognised, and at

others proportionally large. It is usually most developed where the posterior cornu

is longest ; but the length of the posterior cornu, and prominence of the hippo-

campus minor, are by no means in proportion to the dimensions of the hemisphere,

but rather seem to be associated with thinness of both the medullary and the

cortical substance.

The posterior cornu is curved round the internal pariefco-occipital fissure, which
may thus be regarded as causing a projection in the wall of the ventricle.

The septum Ixicidxim is a thin double partition, placed between
the two lateral ventricles. It is double, being composed of two distinct

laminse, having an interval between them, which contains fluid. This
interval is the fifth ventricle, ventricle of the septum, or Sylvian ventricle

(fig. 301, between c and/). It extends verticaUy between the corpus

callosum above and in front, and the anterior part of the fornix below
and behind (fig. 258) ; and as the latter gradually sinks down from the

corpus callosum, the septum with its contained cavity is deep before and
narrow behind, in form somewhat resembling an obovate leaf. Pos-

teriorly it is bounded by the piUars of the fornix (fig. 307) and by the

lamina cinerea.

The lamiuse of the septum are formed of a part of the median wall of the hemi-
spheres which has remained free, while the surrounding parts have become united

by the development of the corpus callosum above and in front and the fornix

below and behind. The ventricle of the septum was therefore originally a part

of the great longitudinal fissure, and has no connection with the internal

ventricular cavity of the brain. Accordingly we find that it is not lined by
epithelium, but each lamina consists of a thin layer of grey matter nest the
cavity, and homologous with the grey matter of the cerebral cortex, and a
thicker layer of white matter continuous below on either side with the general

white matter of the hemisphere. Externally, next the lateral ventricle, is a layer

of ependyma, and covering this the epithelium which lines the lateral ventricle.

The fornix (fig. 301,/) is an arched longitudinal white commissure,
the margin of which is seen in the floor of the lateral ventricle. It con-

sists of two lateral halves, which are separated from each other in front

and behind, but in the intermediate part are joined together in the mesial

plane. The two parts in front form the anterior pillars, or columns, of

the fornix ; the middle conjoined part is named the loclij; and the hind
parts, which are again separated from each other, form the p)osterior

pillars or crura.

The lody of the fornix is triangular in shape, being broad and flat-

tened behind, where it is connected with the under surface of the corpus

callosum, and narrower in front, where it' is connected to the septum
lucidum. Its lateral edges are free and are in contact with the choroid

plexuses of the lateral ventricles, and its under surface rests upon the

velum interpositum, which separates it fi'om the optic thalami and the
third ventricle (see fig. 291 on p. 325).

The anterior pillars or columns of the fornix (fig. 305, Cf), cylindrical

in form, can be traced downwards, slightly separated from each other,

through the grey matter on the sides of the tMrd ventricle, in front of the
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foramina of Monro, of which they form the anterior boundaries, curving
backwards to the corpora albicantia. There each cohimn turns upon
itself, making a twisted loop which forms the white portion of the corpus

albicans, and from this it can be traced (as the bundle of Vicq d'Azyr),

upwards into the anterior nucleus of the optic thalamus (fig. 303). Each
pillar is connected near the foramen of Monro with the peduncle of

the pineal gland, and with the tsenia semicircularis, and it also

receives fibres from the septum lucidum.

According to Gudden and Forel the fibres of the anterior pillars take origin

in the grey matter of the corpora albicantia, and are not directly continuous, as

in dissected preparations they seem to be, with the bundle of Vicq d'Azyr.

Fig. 303. Fig- 303.

—

Sketch showing the
ORIGIN AND CONNECTIONS OP
THE ANTERIOR PILLARS OF THE
FORNIX (Schwalbe).

A median section has been
made through the third ventricle,

and the superficial grey matter
removed at its anterior and lower
part, th.s, upper part of the

thalamus ; tli.m, its mesial sur-

face : between the two is the

medullary stria, leading from the
pineal gland and trigonum habe-
nulse, tr.li, to the anterior pillar

of the fornix, c.f ; f, bundle of

Vicq-d'Azyr ; cm, corpus mammillare ; i.f, fibres of the inferior peduncle of the

thalamus diverging in its substance ; co.a, anterior commissure ; co.m, middle com-
missure ; ch, chiasma; i, infundibulum ; r.f, stalk of pineal body

;
qu, corpora quadri-

gemina ; aq., aqueduct.

The 230stenor jnllars or crura of the fornix (fig. 301, o) are the diverg-

ing posterior prolongations of the two flat lateral bands composing the

body. At first they adhere to the under surface of the corpus callosum,

then, curving outwards and downwards over the pulvinar of the optic tha-

lamus, each cms enters the descending cornu of the lateral ventricle,

Avhere part of its fibres are distributed on the surface of the gi'cat hippo-

campus and the remainder are prolonged as the narrow band of white

matter known as the kenia Mppocanvpi or fimbria (fig. 302, 6), the

relation of which to the fascia dentata and hippocampus has been already

alluded to (see p. 346).

On examining the under surface of the fornix and corpus callosum,

there is seen posteriorly the thickened border or splenium of the latter,

and in front of it the diverging halves of the fornix, between which a

triangular portion of the corpus callosum appears, marked with trans-

verse, longitudinal, and oblique lines. To this part the term hjra has

been applied (fig. 304, 12).

The foramen of Monro is an interval on each side between the

anterior pillar of the fornix and the anterior part of the optic thalamus.

This interval leads from the third ventricle to the lateral ventricle.

The openings of opposite sides, passing doAvnwards and backwards, meet
in the middle line below, and thus is produced a passage, single below,

but dividing into two branches above, somewhat like the letter Y, and
forming a communication between the third ventricle and both lateral

ventricles. .This passage is named the foramen commune anterius.
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The transverse fisstire of the cerebrum is the name given to the cleft-like

opening which is made into the ventricles "svhen the choroid plexuses of the pia

mater, which invagiaate the thin epithelial wall of the ventricles, are pulled away,

carrying with thera the epithelium which is reflected over them from that lining

the ventricle. Its extent may be made manifest after the lateral ventricles have
been opened, by completely dividing the fornix and corpus callosum in the

middle line, and raising the divided parts from the undistui'bed velum intei-po-

situm below. It will then be found that the posterior and middle portions of the

brain, including the hippocampus major and fimbria, may, by rupture of the thin

epithelium which is prolonged from the fimbria to the choroid plexus, be sepa-

rated from the subjacent anterior parts. The transverse fissure which is thus

artificially produced extends from the extremity of the descending comu on one

side, over the optic thalami, third ventricle, and mesencephalon, to the extremity

of the descending comu of the other side. It is bounded above by the corpus

callosum and fornix in the middle, and on each side by a free margin of the

hemisphere formed by the fascia dentata and fimbria : inferiorly it is bounded
near the middle line by the coi-pora quadrigemina, and on each side by the

posterior part of the optic thalamus.

The velum interpositum or tela choroidea (fig. 291, v.i., fig. 304)
is a prolongation of the pia mater over the third ventricle and optic

thalami ; and its more highly vascular free borders, projecting into the

Fig. 304.

—

View of
THE UPPER SURFACE
OF THE VELUM IN-

TERPOSITUM, CHO-

ROID PLEXUSES, AND
CORPORA STRIATA
(from Sappey after

Vicq-d'Azyr). |

1, fore part of the

tela choroidea orvelum
interpositum ; 2, cho-

roid plexus ; 3, left

vein of Galen partly

covered by the right

;

4, small veins from
the front of the cor-

pus cahosum and the

septum lucidum ; 5,

veins from the corpus

striatum ; 6, convolu-

ted marginal vein of

the choroid plexus
;

7, vein rising from
the thalamus opticus

and corpus striatum
;

8, vein proceeding

from the inferiorcomu
and hippocampus ma-
jor ; 9, one from the

posterior cornu ; 10,

anterior pillars of the

fornix divided in front

of the foramen of

Monro ; 11, fornix

divided near its mid-
dle and turned hack-
wards; 12, lyra; 13,
the posterior pillar of'

the fornix ; 14, the splenium of the coi-pus callosum.

Fig. 304.
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lateral ventricles, form the choroid plexuses of those ventricles. It
nearly corresponds in extent with the fornix, which rests upon its upper
surface.

The choroid plexuses of the lateral ventricles (fig. 301, c ; fig. 304, 2, 2)
extend from the foramen of Monro, to the point of each descending

Fig. 305. — View from
ABOVE OF THE THIRD
VENTRICLE AND A PART
OF THE LATERAL VEN-
TRICLES (Henle).

The brain has been sliced

horizontally immediately
below the corpus callosum,

and the fornix and velum
interpositum have been re-

moved.
Tho, thalamus opticus

;

Ts, its anterior tubercle

;

Pt>, pulvinar ; Com, middle
commissure stretching be-
tween the two optic

thalami across the middle
of the third ventricle; Cf,
columns of the fornix ; Cn,
pineal gland projecting

downwards and backwards
between the superior cor-

pora quadrigemina ; Sf,
stria terminalis ; Cs, nu-
cleus caudatus of the
corpus striatum ; Vsl,

ventricle of the septum
lucidum ; Ccl~, section of

the genu of the corpus
callosum ; Pen, com-
mencement of the pineal

stria or peduncle, Tfo ;

Cop, posterior commissure.

cornu. Like the cho-

roid plexuses of the

4th and 3rd ven-
tricles these also are

highly vascular and
their ventricular sur-

face is beset with
villus-like proj ecfcions.

The more obvious villi are again divided upon thek surfaces and at

their borders Into small processes along which fine vessels run, and
the epithelium of the ventricles is continued over their surface.

On each side of the velum interpositum, are two slight vascular fringes

which run along its under surface, and diverging from each other behind,

form the choroid plexitses of the third ventricle.

The epithelium changes its character where it covers the plexuses. It is there

composed of larg-e spheroidal corpuscles, in each of which is seen, besides a
distinct nucleus, several yellowish granules, and one or more dark round oil-
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drops. According' to Henle each, of these cells is provided with short acumi-
nate processes.

The choroid artery enters the velum interpositum at the lower end of

the descending cornu ; and other arteries enter from behind, beneath the

corpus callosum. The greater number of the veins terminate in two
principal vessels named the veins of G-alen, which run backwards on.

the velum interpositum, and passing out beneath the corpus callosum

pour their blood into the straight sinus, having generally first united

into a single trunk.

The corpora striata {ganglia of the cerebral liemispheres), situated in

front and to the outer side of the oj)tic thalami, are two large ovoid

Fig. 306. — Trans- Fig. 306.

VEKSE SECTION
THROUGH THE BRAIN
AND SKULIi MADE
WHILST FROZEN (Key
and Retzius). ^

c, c, corpus caUo-

sum ; below its middle

part the septum luci-

dum, and below that

again the fomiK ; L V,

lateral ventricle ; th,

thalamus; between the

two thalami the third

ventricle is seen ; below

the thalamus is the

substantia innominata

;

str, lenticular nucleus

of the corpus striatum
;

c, caudate nucleus of

the same ; between tli

and str is the mtemal
capsule ; outside str is

the thin grey band of

the claustrum, and out-

side this again the island of Reil at the bottom of the Sylvian fissure ; n, a, nucleus

amygdalae ; immediately within this is the optic tract seen in section
; ^^, pituitary

body ; B, body of the sphenoid bone ; sa, subarachnoid space ; v, villi of the

arachnoid.

masses of grey matter, the greater part of each of which is embedded in

the white substance of the hemisphere (extraventricular portion), whilst

a part becomes visible in the body and anterior cornu of the lateral

ventricle (intraventricular portion).

Th.& intraventricularportion of the corpus striatum (nucleus candatus)
(fig. 305, Cs) is of pyriform shape, its larger end being turned forwards

and appearing in the floor of the anterior cornu, and at one part reach-

ing the outer margin of the ventricle. Its narrow end is prolonged back-
wards and outwards along the body of the ventricle and into the roof of

the descending cornu, passing nearly to the extremity of the latter. On
cutting into it, there may be seen at some depth from the surface

bundles of white fibres which are prolonged through it from the inner

capsule, and give it the streaked appearance fi'om which the name
corpus striatum has been derived.

The extraventricular portion of the corpus strmtum (nucleus lenticu-
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laris) is separated from the intraventricular part by a layer of white

substance {internal ccqmde), but this is bridged across in front by bands

of grey matter. The lenticular nucleus is only seen on section of the

hemisphere. Its horizontal section (fig. 307, n.l) somewhat resembles

Fig. 307. HOKIZOKTAL SECTION

THROUGH PAKT OF THE CEREBRAL
HEMISPHERE (E.A.S. , after a pre-

paration by Mr. Sbattock). Natural

size.

The section is viewed from belo^y

;

v. I, lateral ventricle, anterior

comu ; c. c, corpus callosum ; s. I,

septum lucidum ; a. f, anterior pil-

lars of the fornix ; v 3, third ven-

tricle ; tit, thalamus opticus ; st,

stria terminalis ; n. c, nucleus

caudatus, and n. I, nucleus lenti-

cularis of the corpus striatum ; *. c,

internal capsule
;
g,iis angle or genu

;

c, tail of the nucleus caudatus ap-

pearing in the descending comu of

the lateral ventricle ; cl, claustrum ;

I, island of Eeil,

that of a biconvex lens, being

wider in the centre than at

either end. The antero-pos-

terior diameter corresponds

closely with that of the

island of Reil, and the greatest

width is opposite the anterior

edge of the optic thalamus.

On a transverse vertical sec-

tion through the middle (fig.

806, sfr), tliis nucleus appears

triangular, and two white lines

(medullary laminse), parallel

to the outer side, divide it into three zones, of which the outer is the

largest and of a dark reddish colour marked with fine white strife, whilst

the inner two are more yellowish in tint. On its outer side is a grey lamina,

termed the claustrum, which is separated from the lenticular nucleus by a

stratum of white substance named the external capsule. The inner capsule,

or radiation of the crusta, separates it in the greater part of its extent from
the caudate nucleus and thalamus, but anteriorly the two nuclei of the

corpus striatum are united at their bases, and posteriorly the lenticular

nucleus is continuous below with the superficial grey matter forming the

anterior perforated lamina, with which the claustrum is also connected.

The claustrum (figs. 291, 307, cl) is a thin lamina of grey matter

which is smooth next the outer capsule but ridged and furrowed ex-

ternally, the ridges and furrows corresponding to the gyri and sulci of

the central lobe, with the white substance of which the claustrum is in

immediate relation. According to Meynert the claustrum is to be looked

upon as a separated part of the grey cortex of the central lobe.

Along the inner border of the nucleus caudatus, in a depression between
it and the optic thalamus, is seen a narrow whitish semitransparent band
already noticed in the description of the ventricle, named taenia, semicir-

I
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ciilaris or stria terminaHs (fig. 305, Sf), which is continued backwards

into the white substance of the roof of the descending cornu. In front

where it is largest it reaches the corresponding anterior pillar of the fornix,

with which it comes into connection ; at its other end it enters the nucleus

amygdalae in the inferior cornu.

The nucleus amygdalae is a rounded mass of yellowish grey matter,

contmuous with the superficial grey matter of the apex of the temporo-

sphenoidal lobe, forming a projection at the end of the descending

cornu of the lateral yentricle. It is situated below the anterior part of

the lenticular nucleus (fig. 30G, oi.a).

The anterior commissure appears in the anterior part of the third

ventricle as a round bundle of white fibres, immediately in front of the

anterior pillars of the fornix, and crossing between the corpora striata ;

its fibres extend laterally below the lenticular nuclei of the corpora

striata, and then pass outwards and backwards in a curved course as a

somewhat twisted longitudinal bundle which spreads out in the central

lobe of the hemisphere, and is traceable to the medullary substance of

the temporo-sphenoidal lobe above the descending cornu of the lateral

ventricle and eventually to the nucleus amygdalse (Ferrier).

In animals in wliich. the olfactory lobe is well developed the anterior fibres of

this commissure appear to be connected with the base of that lobe, and it is

thought that in this way a communication is established between the temporo-

sphenoidal lobe (and nucleus amygdala3) of the one side and the olfactory lobe

and nerves of the other side.

The anterior commissure is the first transverse commissure of the cerebrum to

be developed in the embryo ; it is also the most constant in the animal series.

MINtri'B STRUCTURE OP THE GANGLIA OF THE CEREBRAL
HEMISPHERES.

Nucleus caudatus.—"Where it lies in the lateral ventricle the nucleus caudatus

is covered by a layer of ependyma and over this by the ciliated ventricular

epithelium. The ganglion is itself composed of a reddish grey substance like that

of the outer zone of the lenticular nucleus. On the deeper side, that turned
towards the inner capsule, the nucleus receives from this, as before mentioned,

a number of bundles of meduUated fibres. According to the account given by
Meynert, the bundles pass in both directions, some serving to connect the gang-
lion with the peduncle of the cerebrum, others to connect it with the cortex

cerebri. On the other hand, according to Wernicke it is doubtful if any of

them pass to the white matter of the hemispheres, nor do they come from the

crusta directly, but only after traversing the medullary lamince of the lenticular

nucleus.

The nerve-cells of the nucleus caudatus are multipolar, and both moderately large

and small. In addition, peculiar spheroidal cells containing two or more nuclei

are described by Henle. The connection of the cells with nerve-fibres, although

probably existing, has not hitherto been demonstrated.

Nucleus lenticularis.—All three zones of the nucleus are pervaded by bundles
of white fibres, but they are most conspicuous in the outer zone. The grey
matter between the fibres contains many cells with yellow pigment in them.
Fibres pass directly into the inner zone from the adjacent part of the inner

capsule (?. e. from the peduncle of the cerebrum), while others from the mesial

part of the peduncle, passing- through the substantia innominata below the optic

thalamus, curve outwards below the lenticular nucleus as a distinct bundle (ansa

lenticularis) and entering its medullary laminse are distributed in the middle and
outer zones. According to Meynert if these fibres are traced downwards in the

peduncle they are soon found to cross to the other side below the third ventricle

and pass to the nuclei of the third and fourth nerves.

Other fibres connect the caudate with the lenticular nucleus, and others pass

VOL. II. • A A
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from this nucleus into the corona radiata or white substance of the hemispheres
and thence to the cortex.

The outer capsule is formed of fibres which are not directly connected with
the lenticular nucleus but are derived partly from the anterior commissure, and
in part from a portion of the ansa lenticularis.

In the claustrum the cells are for the most part small and spindle-shaped, and
arranged parallel with the sm-face, resembling those which are met with in the
deepest layer of the grey cortex of the hemispheres. Most of the cells contain

yellow pigment.

INTIMATE STRUCTURE OF THE CEREBRAXj HEMISPHERES.

The cerebral liemispheres, like the rest of the encephalon, are

composed of white and grey substance, the white pervading nearly the

whole of the middle of each hemisphere, where it forms what is known
as the medullary centre, and extending into the convolutions ; the grey
forming a covering of some thickness over the whole surface of the con-

volutions (cortex), and occurring also at the base of the hemisphere in the

form of the ganglia which have just been described.

The white matter consists of medullated fibres, varying in size in

different parts, but in general still smaller than those of the cord and me-
dulla. They are arranged in flattened bundles separated by nem-oglia

;

the bundles have a somewhat rod-like appearance in transverse section.

The general direction which the fibres follow is best seen in a brain

that has been hardened by immersion in alcohol or some other medium,
although in an ordinary dissection of such hardened brains with the

scalpel, we do not then trace the single fibres, but only the smaller

bundles and lamellse which they form by their aggregation. It must
also be admitted that where they intimately decussate, the tearing of

fibres across is liable to be mistaken for the separation of sets of fibres

one from the other ; it is necessary to correct such errors by the examina-
tion of sections under the microscope.

The fibres of the medullary centre, though forming many different

gTOups, may be referred to three principal systems, according to the

general course which they take, viz. :—1. Ascending or peduncular fitres,

which pass from the isthmus encephali to the hemisiDheres. These
fibres increase in number as they ascend through the isthmus, and still

further in passing the optic thalami and corpora striata, beyond which
they spread in all directions into the hemispheres. 2. Transverse or

commissural fibres, which connect the two hemispheres together. 3.

Longitudinal ox collateral &oxe& (the association-fibres of Meynert), which,

keeping on the same side of the middle line, connect near or distant parts

of the same hemisphere.

1. The peduncular fibres in each hemisphere are derived in part

directly from the fibres of the crusta, in part from the tegmentum,
probably indirectly through the optic thalamus ; and according to most
observers they are reinforced as they pass the corpus striatum by fibres

derived from the nuclei of that body.

a. Those fibres wMcli are derived directlyfrom the crusta pass between
the optic thalamus and nucleus caudatus and the nucleus lenticularis in

the inner capsule, j)robably giving off fibres fi'om this to those gangha, and
on the other hand being here joined by fibres which issue fi'om them.

Beyond the inner capsule the fibres diverge into the general white matter

of the hemispheres, forming part of the system of radiating fibres known
•fi'om its fan-like arrangement as the corona radiata (Reil) ovfihrous cone
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(Mayo), the latter term being derived from the way in which the

assemblage of radiating fibres is cm'ved round in the form of an
incomplete hollow cone as it emerges from below the nucleus caudatus,

which follows the cm-ve of the lateral ventricle.

Although it is probable that many of the fibres of the crusta pass

directly into the medullary centre and through this to the grey cortex,

without entering the basal ganglia of the hemispheres, this has only

been definitely ascertained for one or two of the tracts of fibres which
run in the crusta. The best known of these is the pyramidal tract,

which, according to the observations of Charcot, Ferrier, and Flechsig,

is traceable through a part of the inner capsule (opposite the

middle of the thalamus) and corona radiata to the grey cortex of the

ascending frontal and ascending parietal convolutions and the parts in

the neighbom-hood of these. This is of interest in connection with the

fact that physiological experiment indicates the grey matter of these

particular convolutions as especially concerned in governing the action

of the chief groups of muscles of the body (motor-centres of Fritsch and
Hitzig, and of Ferrier).

Another group of fik'es which is traceable directly to the convolutions

is the so-called direct sensory tract which passes from the external or

lateral part of the crusta into the white matter of the occipital lobe of

the hemisphere.

A few of the fibres of the crusta (those nearest the inner or mesial

side) do not pass into the inner capsule and corona radiata but are col-

lected into the bundle known as ansa lenticular is and pass outwards
underneath the thalamus into the nucleus lenticularis (see p. 353).

b. The filjres ivhichpass towards the cereT)rum in the ieymcntum, are

originally constituted by the longitudinal bundles of the formatio reticu-

laris of the medulla oblongata. They are reinforced as they pass upwards
by sets of fibres derived fr'om the superior peduncle of the cerebellum, and
perhaps the middle peduncle according to Meynert and Broadbent

; pro-

bably also from the corpora quadrigemina, and from the nerve- and other

nuclei in the parts which they traverse. They become lost for the most
part in the subthalamic tegmental region and in the thalamus, but on the

other hand, fr-om the outer side of the thalamus fibres stream outwards (see

p. 324), and joining the general system of the corona radiata, diverge to

nearly every part of the hemisphere, but especially to the temporo-sphe-

noidal and occipital lobes, the parts which experiment seems to indicate as

being especially concerned with the functions of the special sense-organs.

Other fibres, apparently continuous with this same system, pass fr-om the

posterior part of the thalamus into the optic tract.

From the lower part of the thalamus anteriorly fibres emerge forming
the bundle known as the inferior peduncle of the thalamus, and curving

round below the nucleus lenticularis, pass into the white substance of

the island of Eeil (see p. 325).

2. The transverse or commissural fibres which connect the

hemispheres together include a. The transverse filyres of the corpus cal-

losiim (p. 342). d. The fibres of the anterior commissure (p. 353).

The course of these fibres has already been described at the places indicated.

The fibres of the posterior commissure (p. .321) are sometimes regarded as con-

necting the posterior parts of the hemispheres.

3. The longitudinal or collateral fibres include those of a. the
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fornix, b. the tce)na semicircularis, and c. the strict hngitudmales of the

corjms ca]Iostmi,ah:eadj sufficiently noticed; and likewise the following:

—

d. Fibres of the gyrusfornicatus ; fillet of the corpus caJIoswn (Mayo)

;

cingulum.—These fibres constitute the white substance of the gyrus

fornicatus, and take a longitudinal course immediately above the trans-

verse fibres of the corpus callosum. In front they bend downwards
within the gyrus to which they belong, and are connected with the

anterior peiforated space, being joined by certain longitudinal fibres

which run along the under surface of the corpus callosum near the middle

line. Behind, they turn round the back of the corpus callosum and thence

descend to the point of the temporo-sphenoidal lobe, where, according to

Foville, they again reach the perforated space. Offsets fi'om these fibres

pass upwards and backwards into the secondary convolutions derived

from the gyrus fornicatus in the longitudinal fissure,

e. Uncinate or arcuate fasciculus.—Under this name is described a

white bundle, seen on the lower aspect of the hemisphere, passing across

the bottom of the Sylvian fissure, and connecting the frontal wdth the

temporo-sphenoidal lobe. The fibres of this bundle expand at each ex-

tremity, and the more superficial of them are curved or hooked sharply

between the contiguous parts of the two lobes,—from which circum-

stance it has derived its name.

/, Inferior longituclinal fascicnlus.—This is a bundle of fibres which

lies close to the outer wall of the posterior and inferior cornua of the

lateral ventricle and connects the temporo-sphenoidal and occipital lobes,

g. Association-fibres.—The convolutions of the cerebrum are connected

with each other by white fibres, which lie immediately beneath the cortical

substance. Some of them pass across the bottom of the sulci between

adjacent convolutions ; whilst others, which are longer and run deeper,

connect convolutions situated at a greater distance from one another.

The geey matter on the convoluted sureace of the cerebrum

forms a continuous layer indistinctly divided into two or three strata, by
interposed thin layers of paler substance.

In examining a section macroscopically from Trithont inwards (fig. 308, 1), wo
meet with—1. A thin coating of white matter situated on the surface, which
on a section appears as a faint white line, bounding the grey siu-face externally.

This superficial white layer is not equally thick over all parts of the cor-

tical substance, but becomes thicker as it approaches the borders of the con-

voluted surface ; it is accordingly less conspicuous on the lateral convex aspect

of the hemispheres, and more so on the convolutions situated in the longitudinal

fissure which approach the white siu-face of the corpus callosum, and on those of

the under sui-face of the brain. It is especially well marked on the temporo-

sphenoidal lobe, near the descending cornu of the lateral ventricle, where the

convoluted surface is bounded by the fimbria, and it has been there described

under the name of the reticniatcd wldte svt/stancc. 2. Immediately beneath the

white layer just described, is found a layer of grey or reddish grey matter, the

colour of which, as indeed of the grey substance generally, is deeper or lig'hter

according as its very numerous vessels contain much or little blood. 3. A layer, ap-

pearing in section as a thin whitish line (line of Vicq d'Azj'r , outer line of Baillarg-er).

4. A second grey stratum. .5. A second thin whitish layer (inner line of Bail-

lai'ger). 6. A yellowish grey layer which lies nest to the central white matter of

the convolution. In some convolutions, especially those bordering on the calcarine

fissure, the line of Vicq d'Azyr is very distinct but the inner liae of BaiUarger

is not visible (fig. 308, 2).

This grey substance of the convolutions contains cells and fibres
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embedded in neuroglia,with mimerous blood-vessels, which pass vertically

inwards at the surface but in the deeper parts are more irregularly

disposed.

The cells are of various forms and sizes, many of them with numerous
processes. Some of these branching cells are irregular in form and posi-

tion, but the majority are more regularly pyi'amidal in shape, with the

apex of the pyramid turned towards the surface of the convolution. The
average size of the larger pyramidal cells is tsVo*^-^ of an inch in dia-

meter at the base, and each has a rounded nucleus having an average

diameter of ^-^00^^ of an inch. They generally contain a little yellowish

pigment. The cells often appear to lie in distinct cavities in the gTey

matter (pericellular spaces), but it is uncertain if these are natural or

Fig. 308.

—

Sections op cerebral con-

volutions (after Baillarger).

Tlie parts are neai-ly of the natural size.

1, shows the six layers ordinarily seen

in the cerebral cortex when carefully

examined with the naked eye ; 2, the
appearance of a section of a convolution

from the neighboui-hood of the calcarine

fissure.

produced by shrinking after death. The process from the apex of each

cell may be traced for some distance towards the surface of the con-

volution giving off one or two branches as it passes outwards. The
mode of termination of these branches is unknown. Several fine

branching processes pass from the angles at the base of the cell and
run outwards or towards the medullary centre. Some of these pro-

cesses divide and ramify, the branches forming a network of fine anasto-

mosing fibres, while others have been traced inwards undivided, and
one process at least from each cell is probably continuous with the axis-

cylinder of a nerve-fibre. The undivided axis-cylinder process, according

to some observers, arises from the centre of the base of the cell. The
l^rocesses of these cells, as well as the body of the cell itself, possess a

distinct longitudinal striation. The smaller angular corpuscles are also

provided with branches which run in various directions, and probably

unite into a fine network. Eounded cells, tolerably uniform in size

(about "2 tVo^^^ of ^^ ii^cli iii diameter), and ha"\dng no visible processes

also occur.

The fibres radiate from the white centre of each convolution in all

directions into the grey cortex, having a course for the most part

perpendicular to the fi-ee surface. In passing through the grey sub-

stance they are arranged in bundles about xs^Wth of an inch in diameter,

and thus separate the nerve-cells into elongated groups, and give the

section a columnar appearance. The direction of the fibres varies

according to the part of the convolution in which they occur, whether
near the summit or the base, and the radiating direction is somewhat
lost in the sulci betAveen the convolutions, where the arched fibres which
connect the adjacent convolutions seem to obscure the radiating bundles.

Other fibres pass in various directions through the grey substance, con-

necting its several layers. Gerlach describes bundles of meduUated fibres

at right angles to' the radiating bundles, and forming "with them a large-
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i

meshed network, in the inter-

stices of which is a still finer

network, composed of the finest

non-meclullated nerve fibres,

and formed, he believes, as in

Fig. 309.

—

Section of cerebral
CONVOLUTION (MejTiert).

1, Superficial laj'er •with scattered

corpuscles ; 2, layer of small pyra-

midal corpuscles ; 3, broader layer of

pyramidal corpuscles, separated into

columns by the radiating nerve-fibres

;

4, narrow layer of small irregular

corpuscles ; .5, layer of fusiform and
irregular cells in medullary centre.

the grey substance elsewhere,

by the interlacement and an-

astomosis of the ramifying

processes from the nerve-

cells.

Layers of cells in the
cortex.—The form and ar-

rangement of the cells vary at

different depths of a convolu-

tion, and in this way several

layers are distinguished, having'

more or less definite charac-

ters, but not sharply marked
off fi'om one another. Their
relation to the stratification

distinguishable by the naked
eye is not. clearly made out.

The most common type is that

Avhich is seen in the convolu-

tions of the parietal lobe. In
this most observers agree with

Meynert in recognising five

layers as follows (fig. 809) :

—

1. The most external layer

is narrow, and forms about
-jijth of the whole thickness of

the grey cortex. It is com-
posed chiefly of neuroglia, and
contains a few small cells,

with fine processes, probably

not of nervous character

(Bevan-Lewis and H. Clarke).

A few meduUated nerve-fibres

occur in it, forming a thin

superficial white stratum im-

mediately underneath the pia

mater.
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2. The next layer, of nearly the same thickness, is characterized by
containing a large number of small nerve-cells, mostly pyramidal, with

branching processes.

3. The third layer is of paler tint and much greater thickness. It

contains pyramidal branching cells, large and small, arranged as above

described, with the pointed extremities towards the surface of the convo-

lution, and separated into groups by the bundles of radiating nerve-fibres.

The inner portion of the layer, in which the cells are larger and the separa-

tion into gToups more distinct, is sometimes described as a separate layer.

4. The fourth layer is narrower, and contains many small, irregularly-

shaped corpuscles, round or angular, with fine processes, placed irregularly

and less distinctly separated into groups.

5. The fifth layer, of greater -width than the last, and blending more
or less with it, is composed of fusiform and irregular cells. The fusiform

corpuscles have a definite arrangement, being i)laced for the most part

vertically at the summit of a gyrus ; but in the sulci, parallel to the surface,

where they correspond in direction to the arcuate fibres passing from one

convolution to another ; they are said to be connected with these fibres.

Beneath the last layer is the medullary centre, with which it gradually

blends. The fibres of the white substance, as they radiate into the grey

matter, become finer. They terminate partly in the axis-cylinder

processes of the pyramidal cells, partly in two plexuses of meduUated
fibres which lie, the one at the base of the layer of large cells or 3rd layer,

the other between this and the layer of small pyramidal cells (2n(i

layer). These plexuses (inner and outer white plexuses of "W. Krause)

are probably the cause of the whitish hues seen with the naked eye in

a section of the grey cortex of a fresh brain.

In the Sylvian fissure the fusiform cells are more abundant than

elsewhere, and from their number in the claustrum the fifth layer

has been termed by Meynert the " claustral formation." They are also

very abundant in the amygdaloid nucleus, which is indeed chiefly formed
by a thickening of the deepest layer of the cerebral cortex. The cornu
ammonis on the other hand is formed almost exclusively of the large

pyramidal corpuscles, and the layer in which these corpuscles occur

(third layer) has, in like manner, been termed the " formation of the

cornu ammonis."

Diflferences of structure in different parts.—Considerable variety occurs

in different parts of the cerebral cortex in the size and regularity of shape of

the nerve-cells and in the relative thickness of the several layers. It is especially

worthy of notice that in the region of the motor centres and pai'ticularly in the
upper part of the ascending frontal convolution, some of the deeper pyramidal
cells are very large, and are arranged in more or less defined groups or nests

(Betz). From their size these deeper cells are often termed the " giant-cells " of the

cerebral cortex, but by Lewis and H. Clarke they are named the " ganglionic cells,"

and are described as situated amongst the small cells of the fourth layer, which is

therefore denominsjted the ganglionic layer. On the other hand, in the neighbour-

hood of the calcarine fissure, in the occipital lobe, large cells are very scanty, their

places being for the most part taken by smaller ones. Again, in many i^arts a six-

laminated cortex is produced by the intercalation of a layer of small angular cells

between the third layer and the ganglionic layer (Lewis).* But the most remark-

* For an extended account of the structure of the cerebral cortex in man and animals
tLe reader is referred to a paper by Bevan-Lewis and H. Clarke in the " Proceedings of

the Royal Society," vol. xxvii., 1878; and to papers by Bevan-Lewis, in the "Philo-
sophical Transactions" for 1880 and 1882, and in "Brain," and by Betz in the Med.
Centralbl., 1881. '
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able differences of structui-e occur at the incnrved margin of the hemisphere in

the region of the cornu ammonis or hippocampus major, and in the olfactoiy

lobe. These will now be specially considered.

-Section across the hippocajiptjs major, dentate fissure, dentate fascia

AND FIMBRIA (after Henle).

Gh, part of the gyrus hippocampi or itncinate convolution ; Fd, fascia dentata or

dentate convolution ; between them is the dentate fissure ; Fi, fimbria, composed of

longitudinal fibres here cut across ; 1, 2, medullary centre of the hippocampal gyrus pro-

longed around the hippocampus, H, as the so-called alveus, into the fimbria ; 3, layer of

large pyramidal cells ; 4, stratum radiatum : 5, stratum laciniosum ; 6, superficial

medullary lamina, 'involuted around the dentate fissure ;
**, termination of this lamina,

the fibres here running longitudinally ; 7, superficial neuroglia of the fascia dentata

;

*, stratum granulosum.

Structure of the hippocampus major or cornu ammionis.—The hippocam-
pus it will be remembered corresponds to the hippocampal fissui'e externally ; this

fissure separating the uncinate convolution below from the fascia dentata above.
The uncinate convolution (fig, 298, 1j) has the ordinary structure of the cerebral

gyri, being composed of a superficial grey cortex and a thick white centre. The
grey cortex is prolonged around the hippocampal fissure, there becoming some-
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what thickened, and forming the main part of the hippocampus ; the white centre

is also prolonged over the projection of the hippocampus into the ventricle, but
becomes very thin in this situation where it is known as the alveus. It is covered
by the epithelium and ependyma of the ventricle.

Above the hippocampal fissure the grey matter of the hippocampus swells out
into the notched lamina known as the fascia dentata (dentate convolution, fig.

SIO, Fd). The white matter of the alveus is in like manner prolonged over this

but not so far as its free border ; it becomes thickened and is continuous with
the white band known as the Jimiria (Fi).

The greater part of the grey matter of the hippocampus is occupied by several

rows of tolerably large pyi-amidal cells (fig. 310, 3) with long apical processes,

which lie embedded in a neiu-oglia-matrix, and confer upon this, especially in its

outer part, a striated aspect ; hence the name of stratum iridiatum is sometimes
used to distinguish this part of the layer (4). By their bases the cells rest upon
the white layer or alveus, into which their axis-cylinder processes pass, but there

is in some parts a thin layer of grey matter intervening.

Superficial to this stratum of larffc jji/i'amidal cells and their processes, is a layer

the neuroglia of which is characterized by its openly reticulate structure {stratu?ih

laciniosum, .5). The texture is more condensed both in its superficial and ia its

deeper parts, and in tlie latter are a number of small cells (^stratum gramdosum).
Blood-vessels ai'e numerous in this part, which appears to correspond with the

first or superficial layer of the series met with in the t;ypical convolution. Super-

ficial to it again is a well-marked layer of medullated fibres continuous with the

reticulated white substance of the uncinate convolution (see p. 340). It is known
as the Involuted meduUary lamina (fig. 310, G), and represents an increased

development of the thin layer of white fibres which is ordinarily found next the

surface of the grey matter.

In the fascia dentata the large pyramidal cells are placed in the centre and are

irregnlarly arranged : they are surrounded by a ring of closely packed small

pja-amidal cells (stratum granulosum, fig. 310,*), outside which is a veiy broad

superficial layer of neuroglia with a few scattered cells.

Minute structure of the olfactory lobe.—The ijeculiar structure of this part

of the brain can best be understood by a reference to its mode of development.

It appears to be formed as a hollow outgrowth from the vesicle of the cerebral

hemisphere (afterwards the lateral ventricle), and in most of the lower animals

(in which it is much more developed than in man), it exhibits even in the adult

condition a central cavity (liued with ciliated epithelium), and in some this retains

Fig. 311.

—

Section across the middle op the
OLFACTOET TRACT (Heulc).

V, ventral surface ; d, dorsal ridge. From without in

are seen successively : (1) a thin superficial layer of

neuroglia
; (2) a (darkly shaded) layer of transverselj'

cut jnedullary fibres, of very unequal thickness in

different parts ; (3) the central grey matter projecting up

into the dorsal ridge and here and there extending to the

surface and partially interrupting the medullary layer,

throughout life its connection with the lateral

^-entricle. The walls of the hollow outgrowth

become thickened and differentiated into a central

layer of neuroglia next the cavity, a well-marked in-

termediate layer of white substance outside this, and

a peripheral layer of gxej matter surrounding the

whole. In man and apes the same changes occur, but the cavity becomes completely

obliterated and in its stead we find nothiug but the central neuroglia, which

foi-ms for the most pai-t a tract flattened out laterally, and containing but few

cells. The white or medullary substance around this appears in section in the

foi-m of a flattened ring consisting for the most part of longitudinal white fibres.

In the olfactory tract the peripheral layer of grey matter is very thin and incon-
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spicuoTis, so that the white substance almost everywhere shows through itr,

except along the dorsal ridge where there is an accumulation of the grey sub-
stance, extending into and partly interrupting the medullary ring (fig. 311, d).

In the bulb on the other hand this dorsal accumulation of grey matter is not
seen; but upon the ventral side of the flattened medullary ring (fig. 312, 1, 2, 3)
in place of the thin scarcely visible layer of grey substance in the correspond-
ing situation in the tract, several complex layers are found and fonn iudeed
the greater part of the thickness of the bulb, what was originally the central

cavity being consequently now placed near the dorsal surface. These layers as

seen in section occur in the following order from above down (fig. 312,4 to 8):

—

The granule layer (fig. 312, 4) lying next to the ventral surface of the medul-

Fig. 312. Fig. 312. — Section
ACROSS A PAKT OF
THE OLFACTORY BULB
(Henle).

1, 3, layers of vei-y

fine transversely cut

nerve-fibres, ijassing

round into one another

at the side, and form-

ing the flattened me-
dullary ring, enclosing

the central neuroglia,

2 ; 4, granule-layer
;

5, loose tissue with
irregular spaces (? lym-

phatic) ; 6, interme-

diate layer ; 7, layer

of olfactory glome-

ruli, f, +t; 8, layer of

!/-,!> -o"rii' olfactory nerve-fibres.

lary rmg, is charac-
'TT terised by the pre

sence of numerous
small cells, like those

found in the deeper

or gi-anule layer of

the grey cortex of

the cerebellum. The
layer is not entirely

composed of these

cells however, for

there are present in

addition a number of reticulating bundles of medullated fibres concentric for the

most part with the superjacent medullary ring, and serving to separate the

"granules" into groups, which occupy the meshes of the plexus formed by the

nerve-bundles. Some medullated fibres also pass vei-tically in this layer (L. Clarke).

The intermediate or nerve-cell layer (6), which is partly marked-off from the

granule layer by the presence of cleft-lilie lymphatic spaces (5), consists of gi'ey or

gelatinous substance (neuroglia) in which nerve-cells are embedded, having

for the most part a pyi-amidal or conical shape, like those which characterize the

grey matter of the cerebral convolutions. The largest of these cells lie next

to the granule layer, where they form an almost continuous stratum, theii'

bases being directed towards that layer, and their apices projecting downwards
into the grey substance of their own layer. They appear to correspond to the

stratum of large nerve-cells in the deeper part of the cortex of the cerebral

hemispheres. Smaller cells lie scattered in the neuroglia, which is traversed

also by numerous medullated fibres.

Layer of the olfactory glomcriiU (7). The remarkable bodies which charac-

terize this stratum were first described by Leydig in elasmobranchs and by
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Lockiiart Clarke in mammals. They appear to consist of rounded nests of smaE
ceUs, probably small ganglion-cells which, give origin to the fibres of the olfactory

nerves. The glomeruli form an ii-regular layer one or two deep, and are separated

from one another by bundles of non-medullated fibres which pass into the sub-

jacent layer. Within each glomerulus, the nerve-fibres are found to form a
tangled convolution amongst the cells.

Layer of olfactory nerve-fbres (8). This, the deepest layer of the bulb, consists

entirely of bundles of non-medullated nerve-fibres, which become collected

here into a dense plexus before sending down the branches (* *) which pass

through the i^erforations in the cribriform plate of the ethmoid bone.

Although the whole of the olfactory tract and bulb has been generally termed
by human anatomists the olfactory nerve or first pair, the facts brought to light

by the study of their development, comparative anatomy, and microscopic structure

clearly indicate that these parts are not homologoiis with the ordinary cranial and
spinal nerve-roots but are in reality parts of the brain itself. It is supposed by
Krause that the layer of olfactory glomeruli is homologous with'the ganglion on
the posterior root of a spinal nerve.

OKIGIN OF THE CRANIAL NERVES.

In describing the origin of the cranial nerves the surface attachment

or superficial origin of the roots has to be distinguished from their

deep origin in the collections of nerve-cells known as the nuclei of the

respective nerve-roots. Most of these nuclei have been already referred

to in the description of the medulla oblongata, pons and meseucephalouy

but their situation and relations may be here briefly recapitulated.

The olfactory tract and bulb (fig. 313, i) form what have usually

been described as the first or olfactory nerve. As abeady stated they

are really however a part of the cerebral hemisphere, and must be

regarded as forming a distinct lobe, the loMs olfadorius. Their struc-

tm'e and attachments have already been described. Tlie fibres which
pass from the olfactory bulb tln'ough the perforations in the cribriform

plate of the ethmoid bone to be distributed over the ujjper part of the

nasal mucous membrane, collectively represent the first cranial nerve.

The second or optic nerves (fig. 313, ii), which are developed as

hollow outgrowths of the w^all of the first primary cerebral vesicles, come
off on each side from the anterior part of the chiasma, and enter the

optic foramina. After curving round the crura cerebri from their

origin in the geniculate bodies, the posterior part of the thalami, and
the anterior quadrigeminal bodies (see p. 320 and figs. 2 GO, 2G1), the

optic tracts enter the chiasma at its posterior and lateral angles. In the

chiasma the fibres of the tract for the most part pass diagonally across

to enter the optic nerve of the opposite side, but a few fibres pass

directly into the optic nerve of the same side.

In addition to the fibres which enter the optic nerves there is a small band at

the posterior part of the optic tract and chiasma which simply passes across

uniting the two inner geniculate bodies. This is the inferior commissure of

Gudden. A similarly arched bundle of fibres was formerly described at the

anterior margin of the chiasma, as serving to unite the retinas of the two sides,

but its existence is considered doubtful by most observers, although it has recently

been affirmed hj Stilling.

In all the lower vertebrates, and in many mammals, the decussation of the

optic tracts is complete ; that is to say, all the fibres of the optic tract of the one
side (with the exception of the small inferior commissure just aUuded to) pass

across into the optic nerve of the same side. But, in some mammals at least,

including man, there are strong reasons, chiefly derived from pathological obser-

vations, for believing that a few of the fibres do not thus decussate. The diffi-
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culty of tracing the course of the fibres in the chiasma is verj^ great in conse-

quence of the fact that they take, not a straight, but a curved course within
the commissure. The fibres of the optic tract come fi-om the anterior quadri-

geminal body through its brachium ; from the inner geniculate body ; from the
external geniculate body and the thalamus ; and lastly a few are said to pass

into the anterior part of the tract, where this is in contact with the tuber

cinereum, from the basal optic ganglion of Meynert (see p. 327). According to

Stilling a bundle of fibres passes to the optic tract from the corpus subthalami-
cum. and another bundle can be traced up to it from the pyramidal decussation

in the medulla (Arch. f. micr. Anat. xviii, 1880).

The third or oculomotor nerve (fig. 313, in) arises from a column of

large yellowish cells, on either side of the middle line, in the grey matter

Fig. 313.

Fig. 313.

—

Base of the bkain with the origins of the cerebral nerves (Allen

Thomson). |

This figure is taken from an adult male brain -wliicli had been hardened in alcohol.

1, superior longitudinal iissure ; 2, the olfactory tract and sulcus ;
2', orbital

convolntions ;
2", inferior frontal convolution ; 3, 3, 3, fissure of Sylvius ; 4, 4, 4,

temporo-sphenoidal lobe ; 5, 5', occipital lobe ; 6, on the right anterior pyramid of the

medulla oblongata above the decussation ; 7, amygdaloid lobe of the cerebellum ;

8, biventral lobe ;' 9, slender lobe; 10, posterior inferior lobe ; +, the inferior vermi-

form process ; I, olfactory bulb ; I', the tract divided on the left side ; II, in the

anterior perforated spot, marks the riglit optic nerve ; the left has been cut short ; III,

on the right crus cerebri, denotes the third nerve ; IV, the fourth nerve ; V, the fifth
;

VI, on the pons Varolii, the sixth ; VII, also on the pons Varolii, the facial with the

auditory nerve on its outer side ; XI, on the cerebellum below the flocculus, indicates

the spinal accessory nerve ; between it and the auditory are seen the glosso-pharyngeal

and the vagus ; XII, on the upper part of tlie left amygdaloid lobe, denotes the hypo-
glossal nerve ; C", on the same, the suboccipital nerve.

Comixare also figs. 260 and 261, pp. 283 and 285.
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of the floor of the Sylvian aqueduct, in the region of the superior corpora

quadrigemina (fig. 286, B) extending as far forwards as the level of the

posterior commissure. Inferiorly, it is continued with scarcely any in-

terval by the nucleus of the fourth nerve. From this column of ceUs the

fibres pass forwards through the tegmentum and the tegmental nucleus,

and partly through the substantia nigra, to emerge at the line of the

oculomotor gi-oove on the iimer surface of the cms cerebri close to the

pons. A small jjart of the root often emerges from between the fibres

of the crusta, and joins the trunk of the nerve independently.

From tlie nucleus of tlie fhird nerve a few fibres pass towards the raphe,

perhaps to join the nerve of the opposite side, perhaps, as Meynert supposes, to pass

as fibraj rectas and enter the pyranudal tract of the other side, and to be con-

ducted along this to the cerebrum.

The fourth or trochlear nerve arises from a nucleus which

lies in the region between the superior and inferior quadrigeminal

Fi?. 314.

i^ m

Fig. 314.

—

Sections thkough the origin of the fourth nerve (Stilling), f

A, transverse section at the place of emergence of the nerve-fibres. B, oblique section

carried along the com'se of the bundles from the nucleus of origin to the place of emer-

gence. Aq, Sylvian aqueduct, vith its suiTounding grey matter ; IV, the nerve-bundles

emerging ; IV', decussation of the nerves of the two sides ; IV", a round bundle passing

downwards by the side of the aqueduct to emerge a little lower down ; n, IV, nucleus of

the fourth nerve. /, fillet; s. c. p., superior cerebellar peduncle; d.V., descending

root of the fifth nerve
; i^Z, posterior longitudinal bundle ; r, raphe.

bodies immediately below that of the third nerve. The cells are

larger than those of the nucleus of the third nerve. From them its

fibres pass obliquely downwards and backwards, uniting to form one or

more round well-marked bundles, which run in the wall of the aqueduct

to reach its posterior extremity (fig. 314, IV") ; here the fibres curve

inwards and pass over the conunencement of the aqueduct in the anterior

medullary velum across to the opposite side, emerging from the velum
close to the middle line (fig. 287, IV.), and passing round the crus

cerebri to reach the base of the brain (fig. 313, lY.).

According to some observers the decussation of the two nerves is not complete,

but some of the fibres are derived from the nucleus of tho same side.

The fifth or trigeminal nerve emerges from the side of the pons
Yarolii, nearer to the upper than to the lower border (fig. 313, Y.). It

consists of two parts of unequal size, the smaUer, motor, root being
separated from the other by a few transverse fibres of the pons.
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The motor root arises from a nucleus {motor nucleus of the ffth,

fig. 278, nv', fig. 316, n V^), which hes just below the lateral angle of

the fourth ventricle, immediately in advance of the facial nucleus, and
mesial to the larger sensory nucleus of the fifth. The cells of the motor
nucleus are large, ramified and i^igmented. The motor root, after

emerging fi'om its nucleus, passes obhquely forwards and outwards, and
is joined by fibres from the so-called descending root of the fifth (fig. 315
B, n F^), The fibres of this arise at the side of the grey matter of the

aqueduct in the region of the superior corpora quadrigemina, from
some large cells which occur in the grey matter there and in-

creasing in number as they pass downwards form a small luit distinct

bundle of relatively large fibres in the lower part of the mesencephalon
(fig. 314:, A, d. V). The motor root is farther joined by fibres fi'om the

raphe (see fig. 273), supposed to come cither from the nucleus of the

other side, or from the pyramidal tract.

The sensory root springs for the most part from the siqjerior sensory

nucleus of the fifth (fig. 315, oi V^ ; fig. 273, n v) a collection of small

nerve-cells of greater extent and less compact than the motor nucleus,

on the outer side of which it lies. It receives also a considerable bundle

of fibres derived from the so-called ascending root of the fifth (fig. 315

Fig. 315.
B

Fig. 315.

—

Diagrams to shoit the situa-

tion OF THE CHIEF NERVE-NUCLEI IN

NATURAL SIZE.

ylJSCny'

THE MEDULLA AND PONS.

(E.A.S.)

A, from behind ; B, profile view of the

right half, the medulla and pons being bi-

sected, and supposed to be transparent. The
. nuclei which are nearest the posterior surface

in A, and the mesialj)lane in B are shaded

more lightly ; o, olivary nucleus; s.o., superior

-n WT olivary nucleus
; 2Wt pyramidal tract ; n V^,

inferior nucleus and ascending root of the

fifth nerve ; n V", superior sensory nucleus of

the fifth ; n V^, motor nucleus of the fifth ;

n V*, fibres of the descending root of the

r fifth ; n VI, nucleus of the sixth nerve,

VI : n VII, nucleus of the facial nerve

;

VII, facial root issuing
; g, its genu ; n VIII,

principal nucleus of the auditory nerve

;

n IX, n X, n XI, nucleus of the glossopharyngeal, vagus and spinal accessory nerves
;

% XII, nucleus of the hypoglossal.

B, n V^). This is the well-marked bundle seen cut across in most

sections of the medulla oblongata and pons, coursing in close contiguity

with the gelatinous substance which forms the upward prolongation of

the tubercle of Eolando. Its fibres are believed to arise from the nerve-

cells in the gelatinous substance, which has accordingly been termed the

inferior nucleus of the fifth. The sensory root of the fifth also receives

fibres from th"fe raphe, and others are believed to pass into it from the

cerebellum.

The sensory nucleus is covered superficially by the substantia ferruginea,

a collection of large deeply pigmented nerve-ceUs, which, extends forwards in

the grey matter from the superior fovea as far as the inferior corpora quadri-

gemina. These cells however have, so far as is known, no axis-cylinder processes,

and no connection with the origin of the fifth nerve.

The sixth, or atoducent nerve arises from a nucleus (nucleus of the
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sixth, fig. 315, n. VI.; fig. 272) which lies underneath the fasciculus

teres in the floor of the fourth ventricle, a Httle in advance of the

medullary stride. The fibres of the nerve-root pass fi-om the inner

side of the nucleus, and curve forwards and slightly downwards through

the substance of the j)ons to issue just below that body, and imme-
diately above the outer border of the pyramid of the medulla.

From tlie nucleus of the sixth nerve a few fibres are believed to pass upwards and
across tlie raphe to join the third nerve of the opposite side. The peculiar cases

of conjugate paralysis involving the internal rectus of the one side, and external

rectus of the other side, which are accompanied by atrophy of the nucleus of the

sixth nerve, are thus accounted for (Duval and Laborde).

The seventh or facial nerve (portio dura of the seventh pair of

Willis) takes origin in a nucleus (nucleus of the facial) which lies in the

formatio reticularis at the same level as the nucleus of the sixth, but

more deeply ptlaced in the substance of the pons (figs. 315, 272, n. VII).

The upper end of the nucleus comes nearly in contact with the motor
nucleus of the fifth, so that the two nuclei are ofceu described as one ; its

lower end is in a line with a collection of grey matter in the medulla known
as the nucleus ambiguus (fig. 268, n.am.). From its nucleus the fibres of

the facial nerve pass backwards and inwards to the floor of the fourth

ventricle (first part of the root). Here they are collected into a

compact bundle, oval in section, which passes for about five millimeters

upwards in the fasciculus teres, immediately beneath the ependyma
of the ventricle (second ]oart of the root), and then curves outwards over

the upper end of the nucleus of the sixth to reach its outer side. From
here the third or issuing part of the root makes a sharp bend {genu,

fig. 315 B, g) and passes outwards and forwards, with a slight downward
inclination to appear at the lower border of the pons Varolii in a line

with the attachment of the fifth nerve. It emerges from the medulla

oblongata, in the outer part of the depression between the olivary body
and the restiform body, and is often firmly adherent, as a flattened

band, to the lower edge and even for a short distance to the anterior

surface of the pons. On its outer side is the auditory nerve. A separate

fasciculus of the facial nerve {^mrs intermedia) is sometimes attached

to both auditory and facial nerves.

As it passes the outer side of the nucleus of the sixth, the facial root appears

to receive fibres from that nucleus, but it is somewhat uncertain whether this is

really the case or not. Its fibres are reinforced by the axis-cylinder processes of

cells which are interpolated amongst them in the first and second parts of the

root (Laura), and also, perhaps, through the raphe from the nucleus of the
opposite side. According to Meynert it may be connected through the raphe
with the pyramidal tract of the opposite side, and in this way with the cerebrum.

The eighth or auditory nerve (portio mollis of the seventh pair of

Willis). The inner or principal nucleus of the auditory nerve (fig. 315,

n VIII) corresponds in extent Avith the prominence of the tuberculum
acusticum seen in the floor of the 4th ventricle (p. 291). This extends

from the lateral region of the calamus scriptorius beyond the striaa

medullares into the lateral region of the upper part of the ven-
tricle, being widest opposite the medullary stride. The vagus nucleus is

on its inner border below, but higher up it overlaps the nucleus of the

glossopharyngeal and lies alongside the upper end of the nucleus of the

hypoglossal. Along its outer side in the lower part is the restiform body.
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From this nucleus one (ihe inferior) of the two roots of the auditory

nerve arises and, inclining outwards in front of the restiform body, receives,

as it appears on the surface of the medulla, a reinforcement from the fibres

bi the medullary stria? which have passed over the outer side of the resti-

form body. It may also obtain some from the restiform body itself. It

is uncertain whence the fibres of the strige meduUares are derived, but it

has been conjectured that they may come from the nucleus of the oppo-

site side through the raphe.

The outer or superior aucUiorij nucleus (nucleus of Deiters, Laura) com-
mences at the level of the medullary striffi where it lies between the inner

nucleus and the restiform body, and extends upwards from here for some
distance, becoming larger above and approaching the posterior surface of

the pons near the lateral angle of the fourth ventricle. Its cells are very

large, whereas those of the inner nucleus are small, and, according to

Laura, they send their axis-cylinder processes towards the raphe. The
nucleus is traversed by longitudinal bundles which pass to or from the

cerebellum, and from these bundles as well as from the outer nucleus, the

superior root of the auditory nerve appears to arise.

Both superior and inferior roots pass obliquely outwards and unite into a
single trunk which appears at the lower edge of the pons on the outer side of

and close to the facial nerve. It is also united to the lower edge of the pons
opposite the inner side or middle of the restiform body from which it in part

emerges. Both roots contain nerve-cells interspersed amongst their fibres, and
in the inferior root these cells produce a distinct pyriform swelling. The
nerve-fibres of the inferior root are much smaller than those of the superior.

In addition to the two nuclei above-mentioned there is a collection of grey

matter and nerve-cells lying between the superior root and the restiform body,

and extending downwards into the angle between the inferior root and that

body. This has received the name of accessory auditory micleus. Its cells, although

of small size, are peculiar in having a nucleated sheath like the cells of a

ganglion. It has been supposed to give origin to the pars intermedia of the

facial.

The ninth or glossopharyngeal nerve arises from a column of cells

{iiucleus of the glossopharyngeal, fig. 315, n IX) which is continuous

behind with the nucleus of the vagus. It comes close to the surface in

the inferior fovea, but in front is overlapped somcAvhat by the inner

auditory nucleus. The fibres of the nerve pass fi'om here outwards and

forwards through the medulla to emerge by a series of five or six roots

(fig. 261, IX), attached in a vertical line to the lateral surface of the

medulla, the highest beiug close to the auditory nerve. The issuing

fibres of the glossopharyngeal are joined by some of the fibres of the so-

called solitary bundle (see below).

The tenth or vagus or pneuiuogastric nerve arises from the

vagus nucleus (fig. 315, n X), a continuation of the glossopharyngeal

nucleus above and of the accessory nucleus below. This in the open

part of the m<?dulla lies immediately external to the hypoglossal nucleus,

and is marked on the surface by the triangTilar raised area which leads

superiorly to the posterior fovea. The nucleus is partially divided into

two parts by a round longitudinal bundle of fibres known as the soli-

tarij or respiratory Imiclle (fig. 2G8, /. s.). Of the two the outer

{n X') is the smaller and contains but few cells ; the inner and

deeper part {n X) contains a large number of cells, and from it more

directly the roots of the nerve pass, reinforced by fibres from the solitary
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bundle. They take much the same direction through the medulla as do

those of the glossopharyngeal, many of them traversing the prolongation

upwards of the gelatinous substance of Rolando ; and emerge from the

side of the medulla to the number of twelve or more, attached in a line

which is continuous with that of the glossopharyngeal roots.

TJie fibres of the solitary bundle are of large size and can be traced

do'miwards in the medulla and cord as far as the region of origin of the

phrenic nerve (Krause).

The eleventh or spinal accessory nerve (fig. 315, n XI) arises

partly in the lower part of the medulla oblongata fi'om the con-

tinuation downwards of the vagus nucleus, partly along the whole
extent of the cervical portion of the spinal cord—from the intermedio-

lateral tract and adjacent part of the anterior cornu below (fig. 316),

but fi'om the reticular formation and base of the posterior cornu above.

It is the former (medullary) part which joins the vagus and is

distributed along with that nerve (vagal portion) ; the latter part

(spinal portion) which originates from the cervical cord is accessory to

the cervical nerves and supplies the sterno-mastoid and trapezius

muscles. The part of the vagTis nucleus from which the accessory takes

Fig. 316.

—

Section of tipper end op spinal cord
AT THE JUNCTION WITH THE MEDULLA OBLONGATA.
(After Lockliart Clarke.)

/, anterior
; fp, posterior fissure

; p, end of decussa-

tion of pyramids ; Cla, CIp, anterior and posterior roots

of first cervical nerve ; XI, root of spinal accessory

nerve.

origin is placed immediately behind and to

the side of the central canal (fig. 267, ii XI),
where this remains closed, in a situation

corresponding to the base of the posterior

cornu of the spinal cord ; but where the

central canal opens out at the point of the

calamus scriptorius, the nucleus lies just at the side of the median sulcus

of the fourth ventricle. The root-fibres of the vagal portion have a
course through the substance of the medulla like those of the vagus, and
in every way this part of the spinal accessory resembles a separated part

of the vagus. It receives a few fibres fr^om the solitary bundle. The
nerve emerges as a long series of roots the upper of which are attached
to the side of the medulla in a line with the posterior roots of the spinal

nerves below, and the roots of the vagus above ; while the lower emerge
from the lateral column of the spinal cord, which they traverse in their

passage fi'om the gTey matter.

Twelfth or hsrpoglossal nerve. The nucleus of tJie hypoglossal (fig.

315, w XII) is a column of cells nearly three-quarters of an inch long,

which in the lower part of the medulla lies antero-laterally to the central

canal (fig. 267, n XII) in a situation corresponding to the base of
the anterior cornu of the spinal cord ; but soon after the canal has
opened out the nucleus comes nearly to the surface of the fourth
ventricle, being indicated by the narrow triangular area on either side of
the median sulcus. When viewed from the surface the grey matter of
the nucleus is partly concealed by transversely coursing fibres passing to
the raphe. The anterior end of the column is rounded, as may be seen

VOL. II. B B
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in longitudinal sections, and appears connected by longitudinally coursing

fibres with the nucleus of the sixth, 'which also lies in the fasciculus

teres.

From the large multipolar ceils of the nucleus most of the fibres of the

hypoglossal arise and pass outwards and forwards through the substance

of the medulla, to emerge by a series of fine roots at the furrow between
the pyramid and olive. Some fibres are said to be derived through the

raphe from the nucleus of the other side.

In addition to tlie hypoglossal nucleus proper, a portion of grey matter, known
as tlie nucleus ambiguus (fig. 268, n! am), projecting into the formatio reticu-

laris of the lateral area of the medulla and co-extensive, according to Laura,
with the nucleus of the hypoglossal, is stated by that observer to send fibres

through the raphe to the hypoglossal of the opposite side. On the other hand
the hypoglossal roots are said by Meynert to be reinforced by the axis-cylinder

processes of a group of nerve-cells (anterior or accessory nucleus of the hypo-
glossal) which lies a little removed from the main nucleus on the ventral aspect,

and is traversed by the fibres of the roots. Lastly, in common with all the

other nerves, the hypoglossals are supposed to have a crossed communication with
the brain through the pyramidal tracts.

Meynert's views of the relations of the parts of the nervous system.—
To Professor Meynert of Vienna is due the credit of an attempt to systematize

the results of modern investigations into the structure and relations of the

various parts of the central nervous system, the attempt being embodied in an
idea or scheme of the relations of the parts, which may indeed in many of its

details have to undergo modification with the discovery of new facts, but which
nevertheless has served and will no doubt continue to serve a useful pui-pose as

a starting-point for renewed attempts to arrange in due order the numerous and
complicated details which are constantly accumulating.

Meynert groups the grey substance of the central nervous system into four

categories.

1. The superficial grey substance of the cerebral hemispheres.

2. The grey substance of the cerebral ganglia (caudate nucleus, lenticular

nucleus, optic thalamus, corpora quadrigemina, locus niger, &c.).

3. The grey substance which surrounds the central cavities of the brain and
spinal cord. Commencing above at the infundibulum, it lines the thii-d ventricle

and the aqueduct of Sylvius, extends through the fourth ventricle, and surrounds

the canal of the spinal cord.

4. The cerebellum and its appendages, including the grey substance in the

inferior medullary velum and the pons traversed by its commissural fibres.

If the whole tract of nervous conduction, from the grey matter of the cerebral

convolutions, on the one hand, to the periiDheral terminations of the nerves of

sense and motion on the other, be regarded as a whole, it is seen to traverse the

second and third groups of grey substance, viz. : that of the cerebral ganglia, and
that of the central grey substance. These divide it into three segments,—an upper,

middle, and lower. These three segments are termed projection-systems, since

the function of the whole nervous tract may be considered as being to project

the external world on the cerebral convolutions, and conversely the changes in

the cerebral convolutions upon the motor organs.

The first projection sxjstem between the convolutions and the cerebral ganglia

(corpus striatum, &c.), corresponds for the most part to the corona radiata.

The second, projection system connects the cerebral ganglia to the central grey

matter. As the latter extends from the third ventricle to the lower end of the

spinal cord, the fibres of this system are of very various lengths.

The tJdrd projection system., from the grey matter of the central cavities to

the muscles and terminations of the sensory nerves, corresponds nearly to the

iperipheral nerves.

The other systems of fibres are (as commonly enumerated) the commissural,

such as the corpus callosum and anterior commissure, which unite identical
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regions of different hemispheres, and the association-system of fibres which unite

non-identical regions of the same hemisphere.

In regard to the passage from the fii'st to the second projection-system, which is

supposed to be effected in the cerebral ganglia, it should be remarked that, since it

has been shown that the fibres of the pyramidal tract pass directly to the cerebral

cortex without traversing the cerebral ganglia, it is clear that an exception must
be made for these fibres at least, if not for others. The fibres undergo conside-

rable reduction in number in passing from the first to the second system, the

fibres of the crus being much fewer than those of the corona radiata. On the

other hand, in the transition from the second to the third projection-systems, in

the grey substance of the central cavities, the fibres undergo a great increase in

number : the peripheral nerve-fibres being much more numerous than those of

the crus or of the cord.

The division of the fibres of the crus into two portions, an anterior or lower

icriistal), and an upper or posterior {tcgmeiifaV), may be extended to the cerebral

ganglia, in which the fibres of each portion respectively termiuate above. The
ganglia connected with the crusta are the lenticular nucleus, the caudate nucleus

and substantia nigra ; or this latter may be connected with an intermediate set

of fibres belonging neither to the crustal nor to the tegmental set. They are

connected (by part of the first projection-system) chiefly with the anterior part of

the brain, and subserve for the most part voluntary motion. The ganglia of the

tegmentum are the optic thalami, corpora quadrigemina, corpora geniculata

interna, and corpora albicantia, and subserve chiefly reflex movements.
Certain fibres, which are thought to be sensory, pass up from the posterior

columns of the cord, and form the posterior and outer fasciculi of the crusta. They
pass through no ganglion, but ascend behind the optic thalamus to the cortex of
the temporal lobe.

The cerebellar grey substance is regarded by Meynert as fonning a special

central organ shunted in between the cerebrum and the spinal cord and con-

nected with the cord by the inferior peduncle, with the cerebrum by two groups of

fibres, viz. :—(1). Those of the connecting arm, processus a cerebello ad cerebrum,
or superior peduncle, which pass from the corona radiata, under the thalamus
and corpora quadi'igemina, to mix with the fibres of the tegmentum, and reach
the cerebellum after a total decussation. (2). Some of the fibres of the crusta, which,
as they are prolonged downwards through the pons, tui-n aside in the latter and
reach the cerebellum through the middle peduncle. To this circumstance is due
the fact that the size of the crusta above the pons, is much greater than that of

the motor tract into which it is contiaued below.

THE MEMBRANES OF TH£! BRAIKT AKD SPIKTAL CORD.

The cerebro-spinal axis is covered by three membranes, named also

meninges. They are :—1. An external j&broiis membrane, named the

dura mater, which lines the interior of the skull, and forms a loose sheath

in the spinal canal ; 2. An internal areolar vascular tunic, the pia mater,

which closely covers the brain and spinal cord ; and 3. An intermediate

non-vascular membrane, the arachnoid, which lies over the pia mater,

the two being in some places in close connection, in others separated by
a considerable space.

THE DUBA JMATER.

The dura mater is a very strong dense inelastic fibrous tunic of con-

siderable thickness. Its inner surface, turned towards the brain and
spinal cord, is smooth and lined with epithelium, which was formerly

regarded as a parietal reflection of the arachnoid membrane, this having
been generally looked upon as a serous membrane. The space between
the dm'a mater and arachnoid was formerly in like manner regarded as

the sac of the arachnoid, but is now conveniently termed the subdural
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space. The outer surface of the dura mater is connected with the

surrounding parts, in a somewhat different manner in the cranium and in

the spinal canal.

In the cranium it adheres to the inner surface of the hones, and
forms their internal periosteum. The connection between the two
depends, in a great measure, on blood-vessels and small fibrous pro-

cesses, which pass from one to the other ; and the dura mater, when
detached and allowed to float in water, presents a flocculent appearance
on its outer surface, in consequence of the torn parts projecting from
it. The adhesion between the membrane and the bone is more intimate

opposite the sutures, and also at the base of the skull, which is uneven,

and perforated by numerous foramina, through which the dura mater

Fig. 317.

V.

'1

Fig. 317. — Section
THROUOH THE PLACE
OP EXIT OF A SPINAL

NERVE-KOOT THROUGH
THE DURA MATER.
(Key and Ketzius.

)

a, bundles of the

nerve-root becomingcol-

lected into a single bun-
dle as they emerge ; b,

dura mater ; c, arach-

noid ; d, a reticular

lamella of the arachnoid

reflected along the

nerve-root ; s, subdural

space ; &', s', subarach-

noid space.

It

is prolonged to the

outer sm-face, being-

there continuous

with the pericra-

nium. The fibrous

tissue of the dura
mater becomes

Iblended with the areolar sheath of the nerves at the foramina which give

exit to them.

In leaving the skull, the dura mater is intimately attached to the

margin of the foramen magnum ; but within the vertebral canal it

forms a loose sheath around the cord (theca), and is not adherent to the

bones, which have an independent periosteum. Towards the lower end
of the canal, a few fibrous slips proceed from the outer sm'face of the

dura mater to be fixed to the vertebrge. The space intervening between

the wall of tlie canal and the dura mater is occupied by loose fat, by
areolar tissue, and by a plexus of spinal veins.

Opposite each intervertebral foramen the dura-matral theca presents

two openings, placed side by side, which give passage to the two roots

of the corresponding spinal nerve. It is continued as a tubular prolonga-

tion on the nerve (fig. 317), and is lost in its sheath. Besides this, it is

connected with the circumference of the foramen by areolar tissue.

The fibrous tissue of the dura mater, especially within the skull,

is divisible into two distinct layers, and at various places the layers
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separate from each other and leave intervening channels, called sinuses.

These sinuses, which have been elsewhere described, are channels for

venous blood, and are lined with a continuation of the internal coac

of the veins. The division into two layers is most complete at the base

of the skull, in the middle fossa, and in the neighbourhood of the cavernous

sinus ; on the outer side of this the Gasserian ganglion is included

between the two layers. Between the two cavernous sinuses the pituitary

body is received into a depression of the membrane, which closely sm*-

rounds the organ in quesbion, except where the infandibulum enters it.

There is farther a fissure immediately over the orifice of the acquasductus

vestibuli, and here the prolongation of the membranous labyrinth of the

ear, known as the saccus endolymphaticus, is received betv^een the two
layers.

"The dura, mater also sends inwards into the cavity of the skull three

strong membranous processes or partitions formed by duplication of its

inner layer. Of these, one descends vertically in the median plane, and
is received into the longitudinal fissure between the two hemispheres of

the cerebrum. This is the falx cerebri. The second is a sloping

vaulted partition, stretched across the back part of the skull, between

the cerebrum and the cerebellum, named the tentorium cerebelli. Below
this, another vertical partition, named falx ceretelli, of small extent,

passes down between the hemispheres of the cerebehum.

The falx cerebri (fig. 318, 1) is narrow in front, where it is fixed

to the crista galli, and broader behind, where it is attached to the

middle of the upper surface of the tentorium, along which line of

attachment the straight sinus is situated. Along its upper convex border,

v'hich is attached to the middle line of the inner surface of the cranium,

runs the superior longitudinal sinus. Its under edge is free, and reaches

to within a short distance of the corpus callosum, approaching nearer

to it behind. This border contains the inferior longitudinal sinus.

The tentorium, or tent (fig. 318, 8), is elevated in the middle, and
declines downwards in all directions towards its circumference, thus

following the form of the upper surface of the cerebellum. Its inner

border is free and concave, and leaves in front of it an oval oj)en-

ing, through which the istlnnus encephali extends. It is attached

behind and at the sides by its convex border to the horizontal part of the

crucial ridges of the occipital bone, and there encloses the lateral sinuses.

Farther forward it is connected with the upper edge of the petrous portion

of the temporal bone—the superior petrosal sinus running along this line

of attachment. At the point of the pars petrosa, the external and
internal borders meet, and may be said to intersect each other—the

former being then continued inwards to the posterior, and the latter

forwards to the anterior clinoid process.

The falx cerebelli (falx minor, fig. 318, 13) descends from the middle
of the posuerior border of the tentorium, with which it is connected, along
the vertical ridge named the internal occipital crest towards the foramen
magnum, bifurcating there into two smaller folds. Its attachment to

the bony ridge marks the course of the posterior occipital sinus or sinuses.

Structure.—The dura mater consists of white fibrous and elastic

tissue, arranged in bands and laminae, those of the two layers crossing

each other obliquely for the most part in the cranial dura mater. In.

the spinal dm-a mater the bundles have a more nearly parallel arrangement.-
A layer of flattened epitheloid cells covers its inner surface, and also its
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outer surface between the places of adherence to the bones and sutures.

A similar layer of cells also covers both sides of the spinal dura
mater. The cranial membrane is traversed by numerous blood-vessels

which are chiefly destined for the bones, but there is a wide meshed ca-

pillary network with peculiar ampullary enlargements, distributed near the

inner surface of the cranial dura mater. The spaces between the fibrous

trabeculse contain flattened connective tissue corpuscles which frequently

Kg. 31 8.—The cranium opened to show the ealx op the cerebettm and TENTORimr
OF THE CEREBELLUM, AND THE PLACES OF EXIT OF THE CRANIAL NERVES. (Sappej). J

1, falx ; 2, superior longitudinal sinus ; 3, concave border of the falx ; 4, inferior

longitiidinal sinus ; 5, base of the falx ; 6, straight sinus ; 7, anterior part of the falx

;

8, right side of the tentorium cerebelli, seen from below ; 9, lateral sinus ; 10, superior

petrosal sinus ; 11, inferior petrosal sinus ; 12, posterior occipital sinus ; 13, falx cere-

belli ; 14, 15, 16, 17, 18, second, third, fourth, fifth, and sixth cranial nerves ; 19,

seventh and eighth nerves ; 20, ninth, tenth, and eleventh nerves ; 21, twelfth nerve ;

22, 23, first and second cervical nerves ; 24, upper end of the ligamentum denticulatum.

have an epithelioid arrangement : these spaces, like those of connective

'

tissue generally, doubtless serve for the passage of lymph. They can

be injected from the epidural space where this exists, and the injecting

fluid can be forced along them through the thickness of the dura mater
Into the subdural space. They can also be filled by inserting the in-

jecting cannula into the substance of the membrane. Minute nervous

filaments, derived from the fifth and twelfth cranial nerves, and from
the sympathetic, enter the dura mater of the brain to be distributed

chiefly to the blood-vessels and to the bone, but partly perhaps to the

membrane itself. ISTervous filaments have likewise been traced into the

dura mater of the spinal column.
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THE PIA MATEB;

The pia mater is a delicate, fibrous, and highly vascular membrane,

which immediately invests the brain and spinal cord.

Upon the hemispheres of the brain it is applied to the entire cortical

surface of the convolutions, and dips into all the sulci, which thus

contain a double layer. From its internal surface numerous small

vessels pass into the substance of the brain, and hence this inner surface

is very flocculent, and is named tomentum cerebri. On the cerebellum a

similar arrangement exists, but the membrane is finer, and the double

fold only distinct in the larger sulci. The pia mater also at the trans-

verse fissure is invaginated into the lateral ventricles and over the third

ventricle (covered however by the epithelium of those cavities), and there

forms the velum interpositum or tela choroidea superior and choroid

plexuses. It is also prolonged over the posterior Avail or roof of the

fourth ventricle, where it forms the so-called tela choroidea inferior and
choroid plexuses of that ventricle.

On the spinal cord the pia mater has a very different character from
that which it presents on the encephalon, so that it has even been

described by some as a different membrane under the name neurilemma

of the cord. It is thicker, firmer, less vascular, and more adherent to the

subjacent nervous matter : its greater strength is owing to an external

fibrous layer, which is arranged in longitudinal glistening bundles.

A fold of this membrane dips down into the anterior fissure of the cord,

and serves to conduct blood-vessels into that part. A thinner process

passes into the greater part of the posterior fissure. At the roots of the

nerves, both in the spine and in the cranium, the pia mater becomes con-

tinuous with their connective tissue sheaths.

The pia mater of the cord is thickened by a conspicuous fibrous band,

running down in front over the anterior median fissure. This was
named by Haller linea splenclens.

Structure.—The pia mater of the cord consists of two layers, the

outer one being composed of interlaced bundles of connective tissue,

which are for the most part parallel and longitudinal, and the inner or

intima of peculiar stiff bundles bending suddenly and enclosing some-
what angular interspaces. Both surfaces of this inner layer are covered

with epithelioid cehs, and there is a network of fine elastic fibres near

the surfaces. On the cord pigmented cells are sometimes scattered

among the elastic fibres. The outer and inner layers are separated here

and there by cleft-like lymphatic spaces communicating on the one hand
with the subarachnoid space and on the other with the perivascular canals

immediately to be mentioned. In the pia mater of the brain only the

inner of the two layers of the pia mater of the cord is represented.

The pia mater contains great numbers of blood-vessels, which sub-

divide in it before they enter the nervous substance. In the pia mater
of the cord they lie between its two layers, but in that of the brain on the

surface of the membrane, either projecting freely or covered by sub-

arachnoid trabecula;. Further each vessel is enclosed by a sheath com-
posed of a more dense arrangement of the fibres of the membrane (peri-

vascular sheath). The diameter of the (lymphatic) canal thus formed may
be considerably larger than that of the contained vessel. A similar sheath,

derived from the pia mater, accompanies the vessel into the substance
of the brain. At its commencement it is loose and funnel-shaped and
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can be injected from the subarachnoid cavity. On the cerebrum the

inner layer of the pia mater is more closely adherent to the cortical

sul^stauce of the convolutions, than on the cerebellum ; Avhere a distinct

space traversed by fibres exists between the two.

Merves.—Purkinje described a retiform arrangement of fine nerve-

fibres in the pia mater ; these are derived, according to Kolliker and
others, from the sympathetic, and from the third, fifth, sixth, facial,

pneumogastric, glossopharyngeal, and accessory nerves. Most of the

fibres are destined in all probability for the blood-vessels.

The spinal pia mater is sujDplied by nerves fr'om the sympathetic.

The arrangement and structure of the choroid plexuses have already

been described.

THE AEACHNOID MEMBRANE,

The arachnoid is a delicate membrane which is situated outside the

pia mater, and invests the brain and spinal cord much less closely than

that membrane. It passes over the various eminences and depressions

on the cerebrum and cerebellum, without dipping down into the sulci

and smaller grooves. Beneath it, between it and the pia mater, is a

space (subarachnoid space) in which is a considerable quantity of fluid

(subarachnoid fluid), and in which are seen the larger blood-vessels

passing obliquely towards the brain.

The subarachnoid space is larger and more evident in some places

than in others. Thus, in the longitudinal fissure, the arachnoid does

not descend to the bottom, but passes across, immediately below the edge

of the falx, at some distance above the corpus callosum. In the in-

terval thus left, the arteries of the corpus callosum run backwards along

that body. At the base of the brain and in the spinal canal there is a

wide interval between the arachnoid and the pia mater. In the base of

the brain, this subarachnoid space extends in front over the pons and the

interpeduncular recess as far forwards as the optic nerves, and behind it

forms a considerable interval between the cerebeUum and the back of the

meduUa oblongata (fig. 319). In the spinal canal, where it surrounds

the cord, it is of considerable extent. It is occupied, in both brain

and cord, by trabeculse and thin membranous extensions of delicate con-

nective tissue, connected on the one hand with the arachnoid, and on
the other with the pia mater. This tissue is most abundant where
the space between the two membranes is least. It is dense in the

neighbourhood of the vessels, and is continuous with the tissue of their

"walls. In the subarachnoid space at the base of the brain in several

places the arachnoid is separated by larger intervals than at other parts

from the pia mater.

The subarachnoid space communicates with the ventricles of the

brain by means of the foramen of Magendie (fig. 319, /i/), the opening

into the lower -part of the fourth ventricle, through the pia-matral ex-

pansion (tela choroidea inferior) which closes it. Two other openings

through this membrane exist, one on each side, behind the upper roots of

the glossopharyngeal nerve, in the pouch-hke extension of the membrane
beneath the flocculus.

A certain quantity of fluid is contained between the arachnoid mem-
brane and the dura mater ; but the chief part of the cerebro-spinal fluid

is lodged in the subarachnoid space in the meshes of the trabecular

tissue.
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The spinal subaraclinoid space (fig. 320, Tc, I) is divided by an imperfect

fibrous sej)tuni on eifcher side termed the ligamentum denticulatum (ff)

into anterior and posterior portions. As was pointed out by Magendie
there also exist a sort of septum dividing the subarachnoid space at

the back of the cord {septum posticum (c)), the relations of which have
been carefully studied by Axel Key and Retzius. It is a thin mem-
branous partition, which passes in the median plane from the pia mater
covering the j)Osterior median fissm-e of the cord to the opposite part of

Fig. 319.

Fig. 319.

—

Section of the postbkioe and lower parts of the brain within the
SKULL, to exhibit THE SUBARACHNOID SPACE, AND ITS RELATION TO THE VENTRI-

CLES. (After Key and Retzius.)

The section was made in the frozen state, the cavities having been previously filled

with injection.

1, 1', atlas vertebra ; 2, odontoid process of the axis, 2' ; 3, third ventricle ; 4, fourth

ventricle ; C, C, corpus callosum ? C, gyrus fornicatus ; C, cerebellum ; t, tentorum

;

j>, pituitary body ; c, c, central canal of the cord ; fM, in the cerebello-medullary pai-t

of the subarachnoid space, is close to the foramen of Magendie by which that space com-
mimicates with the fourth ventricle.

the loose portion of the arachnoid membrane. It is most perfect in the

cervical region, being incomplete below. It consists of numerous fine

lamella, enclosing between them small spaces, within which run the

larger blood-vessels. Subarachnoid trabeculse also connect the nerve-

roots with the inner sm-face of the arachnoid, and in the dorsal region

fine membranous trabeculse extend between the posterior nerve-roots and
the posterior septum. In most parts however the subarachnoid

trabecul^e are far less developed in the spinal canal than in the

cranium.

The nerves as they pass from the brain and spinal cord receive their
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perineural covering fi'om the pia mater, and, in addition, two looser
sheaths, an onter from the dura mater, and an inner from the arach-
noid (fig. 317). Upon the optic nerve these sheaths remain distinct and
separate, so that the space which each encloses maybe injected, the outer

Eig- 320. Fig. 320.—Section op the
SPINAL CORD AVITHIN ITS

MEMBRANES (uPPER DOR-
SAL region). (Key and
Eetzius). Magnified.

a, dura mater ; h, arach-

noid ; c, septum posticum
;

d, e, f, subarachnoid trabe-

culse, those at /, /, support-

ing bundles of a posterior

nerve-root
; g, ligamentum

denticu]atum ; h, sections of

bundles of an anterior nerve-

root ; k, I, subarachnoid

space.

from the subdural, the
inner from the sub-

arachnoid space. On
the other nerves the
arachnoidal sheath soon
ceases, and the single

sheath eventually blends with, both the epineurium and perineurium of

the nerves. Accordingly it is found that injection driven into either

the subdural or the subarachnoid space passes readily along the nerves

even as far as the limbs. There thus exists a continuity between the

ventricles of the brain, the subarachnoid space, the perivascular canals of

the cerebral substance, and the lymphatic spaces within the nerve-sheaths.

Structure.
—

"When examined under the microscope, the arachnoid

membrane is found to consist of distinct riband-like bundles of fine fibrous

tissue interlaced with one another. The intervals between these bundles

are filled up by delicate membranes, composed of expanded cells, the nuclei

of which persist and are scattered over the structure. Several layers of

this tissue, arranged in a complex way, constitute the arachnoid mem-
brane. The subarachnoid trabeculse consist of bundles of similar fine

fibrillar tissue, each of which is surrounded by a delicate nucleated

sheath, also composed of cells, and continuous with the intertrabecular

ceU-membranes of the arachnoid itself. The finer trabeculse when
swollen by acetic acid very frequently show the well-known ring-like

constrictions. The subarachnoid membranous expansions have a similar

structure. In the spinal arachnoid the fibril-bundles have for the most
part a longitudinal direction.

Yolkmann described a rich plexus of nerves in the arachnoid mem-
brane of certain ruminants. KoUiker failed to detect their presence

;

but they have been again described by Bochdalek, who traces them to

the portio minor of the fifth, the facial, and accessory nerves ; and
they have likemse been followed by Luschka.

Lig-amentum Denticulatum.—This is a narrow fibrous band Avhicli runs
along each side of the spinal cord in the subarachnoid space, between the ante-

rior and posterior roots of the nerves, commencing above at the foramen magnum,
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and reacliing down to the lower pointed end of the cord (fig. 244, 9, and fig.

320, g). By its inner edge this band is connected with the pia mater of the cord,

while its outer margin is widely denticulated ; its denticulations are attached by
their points to the inner surface of the dura mater, and thus serve to support the

cord along the sides, and to maintain it in the middle of the cavity. The first

or highest denticulation is fixed opposite the margin of the foramen magnum,
between the vertebral artery and the hypoglossal nerve ; the others follow in

order, alternating with the successive pairs of spinal nerves. In all, there are

about twenty-one of these points of insertion, but the lower six or seven are less

regular. The points of the lower denticulations are prolonged into threads, and
ascend slightly to their attachments. At the lower end, the ligamentum denticu-

latum may be regarded as continued into the terminal filament of the spinal

cord, which thus connects it to the dui-a mater at the extremity of the sheath.

The free edge, in the intervals between the denticulations, is slightly thickened,

and in many parts is closely applied to the inner surface of the arachnoid, with
which it is often dii-ectly connected by fine trabeculse. The denticulations do not

Fip;. 321.

Fig. 321.

—

Section of the ttppek part op the brain and meninges to show the
RELATIONS OP THE ARACHNOIDAL VILLI. (Key and Retzius). Magnified.

c. c, corpiis callosum
; /, falx cerebri ; s. a, subarachnoid space, pervaded by a network

of fine trabeculffi ; from it the fungiform villi are seen projecting into the dura mater.

Some are projecting into the superior longitudinal sinus, s.

perforate the arachnoid but receive from it funnel-shaped sheaths, which accom-
pany them to the inner surface of the dura mater (Axel Key and Retzius).

In structure the ligament consists of white fibrous tissue, mixed with many
exceedingly fine elastic fibres. Several layers of fine connective tissue trabeculse

may be traced : they are surrounded by sheaths, which are composed of delicate

nucleated cells, and here and there expand into membranes. Its tissue is con-

tinuous on the one hand with that of the pia mater, and at the apices of the

denticulations with that of the dura mater.
Glandulae Paccliionii or arachnoidal villi.—Upon the external surface of

the dura mater, in the vicinity of the longitudinal sinus, are seen numerous
small pulpy looking elevations, generally collected into clusters, named glands

of Pacchioni (fig. 321). The inner surface of the calvarium is marked by little

pits, which receive these prominences. Similar excrescences are seen on the in-

ternal surface of the dura mater, and upon the pia mater on each side of the
longitudinal sinus, and also projecting into the interior of that sinus (s). Occasion-
ally they are found also in other situations.
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On a careful examination of the connections of these bodies it will be found
that the elevations found on the outer surface of the dura mater and within the
longitudinal sinus, in no instance take origin in those positions, but that they
are grape-like bodies which are attached more deeply, and in their growth have
perforated the dura mater. Their precise origin and nature were long the sub-

ject of conflicting opinions, but it has been satisfactorily shown by Luschka that

they are only an enlarged condition of normal villi of the arachnoid. On each
side of the sinus, and communicating with it, are large venous spaces in the dura
mater ; into these the villi project even in new-bom animals, and those which
perforate the dura mater and appear on the surface have their inner parts in

these spaces. Each villus is covered by a membrane, continuous with the arach-

noid. Outside this is another fine membranous sheath, derived from the dura
mater, and the interval between the two is continuous with the subdural space.

Within the villus is a spongy trabecular tissue, continuous with the subarachnoid
tissue, and of similar structure (Key and Retzius).

Fluid injected into the subarachnoid space passes freely into the Pacchionian
bodies, and is found after a time to filter through their walls and thus to get into

the subdural space, although there does not appear to be any open communication
between the interior of these bodies and the prolongation of the subdural space
which surrounds them. Moreover, if the injection is continued it can be driven
even into the interior of the venous sinuses and lacunas which are found in con-

nection with them, especially into the superior longitudinal sinus, into which the
arachnoidal villi project. So that these villi seem to afford a means of passage of

the cerebro-spinal fluid from the subarachnoid space into the venous sinuses,

when the fluid pressure in the subarachnoid space becomes from any cause in-

creased above the normal.

BLOOD-VESSELS OF THE BRAIN AND SPINAL CORD.

Blood supply of the spinal cord.—The arteries of the spinal cord are (1) the
anterior spinal, double above where it is derived from the vertebrals, but single

and median below where it is reinforced by a series of small vessels derived from
the vertebral, intercostal, lumbar, and other arteries ; and (2) the paired pos-

terior spinal arteries, similarly derived, and running just behind the line of

attachment of the posterior roots. The branches of these vessels ramify in the

pia mater investing the cord, and from the main vessels and their ramifications

vessels pass in to supply both the grey and whibe substance.

The small entering branches may be described as forming two systems, a cen-

trifugal and a centripetal. The first is composed of a series of arterioles, 250 to

oOO in number, which pass from the anterior spinal artery into the anterior

median fissure, penetrating to the anterior commissm-e. Here each one divides into

a right and left branch, which again divide into smaller arteries and capillaries

for the central parts of the corresponding crescent of grey matter ; but an
ascending and a descending ramuscle is also given off on either side for anasto-

mosis with the corresponding vessels above and below.

The second or centripetal set have a converging or radial arrangement,

passing in from the periphery. Some of these simply form capillary loops, which
supply the superficial layers of the cord. Others are distributed to the white

matter, where they form comparatively large-meshed longitudinal plexuses. But
the most considerable of the centripetal arteries penetrate to the grey matter, and
pour their blood ipto the close capillary network which pervades it, supplying the

parts not served by the centrifugal vessels. Special mention may be made of a
series of small median arterial branches which enter the posterior fissure, pene-

trating in it to the posterior commissure, and giving off branches which supply the

adjacent parts of the posterior white columns and Clarke's column, where this is

found ; and of the vessels which enter the grey matter with the bundles of the

anterior and posterior nerve-roots, and are distributed to the corresponding

cornua.

The veins run alongside the arteries. Two longitudinal venous vessels, one on
either side of the central canal, accompanying the corresponding anastomotic
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arteries, are conspicuous in most transverse sections of tlie cord. (For further

details see Adamkiewicz in Trans. Intemat. Med. Congress, London, 1881, and
in Wiener Sitzungsberichte, 1881 and 1882.)

Blood supply of the brain.—The origin and course of the vessels which
supply the brain have already been described in the Section Angeiology, Vol. I.

In passing to their distribution the several arteries, having passed across the

arachnoid cavity, enter the subarachnoid space and then divide and subdivide into

branches, which, in their further ramification in the nervous centres, are sup-

ported by the pia mater, and, it may be remarked, are more deeply placed in the

various fissures and sulci than the small veins, which do not accompany the arteries,

but pursue a different course and are chiefly seen upon the surface of the pia mater.

From the arteries in the pia mater of the hemispheres very numerous small

branches pass vertically into the grrey matter of the convolutions. Most of these

(cortical arteries') at once brea.k up into a close plexus of capillaries for the grey

matter ; but others (inediillary arteries), larg-er but less numerous, pass through

the grey matter, giving ofiE only a few small branches to it, and penetrate for

some distance into the medullary centre, where they divide into a long meshed
capillary network. The smaller branches of arteries anastomose together to a

certain extent in the pia mater before penetrating into the superficial grey

matter, but the branches which pass to the chief ganglia, such as the optic tha-

lamus or corpus striatum, do not anastomose with one another except by their

capillary branches (End-arterien of Cohnheim).

Moreover, it is to be observed that, whilst the main branches of the arteries are

situated at the base of the brain, the principal veins tend towards the upper surface

of the hemispheres, where they enter the superior longitudinal sinus : the veins

of Galen, however, coming from the lateral ventricles and choroid plexuses,

run backwards to the straight sinus, in the subarachnoid tissue which lies

between the two layers of the velum interpositum.

It may be convenient here to recapitulate the sources of the blood supply to

the several parts of the encephalon.

The medulla oblongata and pons Varolii are supplied by branches from
the anterior spinal, the vertebral, the basilar, and the posterior cerebral arteries.

The branches enter the pons and medulla in two sets, lateral or radicular (fol-

lowing the roots of the nerves), and median,—the latter passing in the septum
to the grey matter on the posterior surface. The valve of Vieussens and the

superior peduncle of the cerebellum receive twigs from the superior cerebellar

arteries. The choroid plexuses of the fourth ventricle are supplied by the
posterior inferior cerebellar arteries.

Cerebellum.—The uTider surface is supplied by the posterior inferior cerebellar

ai-teries from the vertebral, and the anterior inferior from the basilar. The
iqjper surface is supplied chiefly by the superior cerebellar arteries from the
basilar : its posterior portion from the posterior inferior cerebellar.

The crura cerebri derive their blood supply from the posterior communicating
and the posterior cerebral arteries. Branches of the latter, and also others from
the end of the basilar, enter the posterior perforated space.

The corpora ctuadrig-emina and corpora geniculata are both supplied by
the posterior cerebral artery, but branches of the superior cerebellar arteries pass
to the inferior corpora quadrigemina.
The optic tbalamus is supplied above and on the outer and posterior side by

branches of the posterior cerebral artery, but its anterior and inner portions

receive twigs from the anterior and posterior communicating arteries of the
circle of Willis.

Cerebral hemispheres.

—

Frontal loTye.—The superior frontal and anterior
two-thirds of the middle frontal convolution, with the upper extremity of
the ascending frontal, are supplied by the anterior cerebral. The inferior

frontal convolution, the posterior extremity of the middle frontal, and the
greater part of the ascending frontal convolutions are supplied by the middle
cerebral. The orbital surface is suppKed, outside the orbital sulcus, by the
middle cerebral : within that sulcus (including the olfactory bulb) by the
anterior cerebral.
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Parietal lobe.—All the convolutions of the parietal lobe are supplied by the
middle cerebral artery.

Occipital lohe.—This lobe is supplied by the posterior cerebral artery.

Temporo-splicnoidal lohe.—The superior, and upper part of the middle temporo-
sphenoidal convolutions are supplied by the middle cerebral artery. The lower
portion of the lobe by the posterior cerebral.

Inner surface of the liemisplieres.—The whole anterior and upper portion, as

far back as the parieto-occipital fissure, is supplied by the anterior cerebral artery
;

the cuneate lobule and the occipito-temporal region by the posterior cerebral.

The corpus callosum is chiefly supi^lied by the anterior cerebral.

The grey suhstanee at the base of the cerebrum is supplied by small twigs

from the adjacent vessels of the circle of Willis, or from the roots of the cerebral

vessels which pass off from that anastomosis.

Central parts—corpus striatum.—Both nucleus caudatus and nucleus lenticu-

laris are supplied almost exclusively by the middle cerebral artery, the numerous
branches to these parts entering through the foramina in the anterior perforated

space. The anterior part of the caudate nucleus is also supjjlied by the

anterior cerebral, and its upper surface receives fine twigs from the lateral

choroidal branch of the posterior cerebral.

For further details on the subject, which derives importance from the relation

of different local pathological conditions to the vascular distribution, the reader

is referred to a series of articles by Duret in the Archives de Physiologic for

1873 and 1874, to a paper by Heubner in the Med. Centralblatt, 1872 ; and to a

work entitled " Die luetische Erkrankung der Hirnarterien," Leipzig, 1874, by
the same author.

Iiymphatics.—The lymphatics of the brain and spinal cord appear to originate

in the form of perivascular clefts in the adventitia, or outer coat of the blood-

vessels. The clefts in question communicate both with lymphatic spaces in the

pia mater, and with the subarachnoid space. The fine meshes of the neuroglial

reticulum which are much more distinct in some parts than in others, the peri-

cellular spaces which are thought to be in communication with those meshes, and

a cleft-like space, which can be injected, between the pia mater and the surface of

the spinal cord and brain {subpial space, epicerebral space'), have also been

regarded as forming part of the lymphatic system of the central nervous organs.

SIZE AITD WEiaHT OF THE ENCEPHALOIT.

The average weight of the brain is about 49| oz. (1400 grammes) in the male,

and .5 to h\ oz. less in the female.

The results obtained by Sims, Clendinning, Tiedemann, and J. Eeid show the

maximum weight of the adult male brain, in a series of 278 cases, to be 65 oz.,

and the minimum weight 34 oz. In a series of 191 cases, the maximum weight

of the adult female brain was 56 oz., and the minimum 31 oz. ; the difference

between the extreme weights in the male subject being no less than 31 oz., and
in the female 25 oz. In a very large proportion the weight of the male brain

ranges between 46 oz. and 53 oz., and that of the female brain between 41 oz.

and 47 oz. The prcvailincj weights of the adult male and female brain may
therefore be said to range between those terms ; and, by taking the mean, an
average weight is deduced of 49|- oz. for the male, and of 44 oz. for the female

brain,—results which correspond closely with the statements generally received.*

Although many female brains exceed in weight particular male brains, as a

general fact it may be affirmed that the adult male encephalon is heavier than

* Tables exliibiting at greater length the results obtained by the observers above

mentioned, and also those obtained by R. Boyd of the weight of the brain at different ages,

•will be found in previous editions of this work. The reader is also referred to the papers

by Peacock in the Edin. Med. Journal for 1847, and Journ. of the Pathol. Society, 1860,

to the elaborate table of Pud. Wagner in his " Vorstudien, &c.," 1860, and to a recent

work by Bischoff (Hirngewicht des Menschen, Bonn, 1880).
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that of the female. In new-bom infants the brain was found by Boyd to weigh

on an average 11.65 oz. in the male, and 10 oz. in the female.

The observations of Sims, Tiedemann, and Reid, appear to show that in both

sexes the weight of the brain in general increases rapidly up to the seventh year,

then more slowly to between sixteen and twenty, and again more slowly to

between thirty-one and forty, at which time it reaches its maximum point.

Beyond that period there appears a slow but progressive diminution in weight,

amounting to about 1 oz., during each subsequent decennial period ; thus con-

firming the opinion that the brain diminiskes in advanced life. According to

Peacock and Bischoff, the maximum weight of the brain is attained between

the ages of twenty and thirty years.

Eace exercises a considerable influence upon the size of the brain ; thus it is

largest in Europeans and Chinese ; smaller in Hindoos, Bushmen and Negritoes

(partly in relation to the small prevailing stature) and natives of Australia
;

intermediate in size between these in North American Indians and Negroes.

The o'elative weight of the encejihalon to the body is liable to great variation
;

nevertheless, the facts to be gathered from the observations of Clendinning,

Tiedemann, and Eeid, furnish the following general resiilt. In a series of 81

males, the average proportion between the weight of brain and that of the body
at the ages of twenty years and upwards, was found to be as 1 to 36'5

; and in a

series of 82 females, to be as 1 to 36"4:6. The results of BischofE's observations

give 1 to 35.2 in the female. In these cases the deaths were the result of more
or less prolonged disease ; but in healthy individuals dying suddenly from
disease or accident, the average proportion is probably 1 to 45.

- The j)roportionate weight of the brain to that of the body is much greater at

birth than at any other period of life, being, according to Tiedemann, about 1

to 5"85 in the male, and about 1 to 6-5 in the female. From the observations

ak-eady referred to, it further appears that the proportion diminishes gradually

up to the tenth year, being then about 1 to 14. From the tenth to the twentieth

year, the relative increase of the body is most striking, the ratio of the two
being at the end of that period about 1 to 30. After the twentieth year, the

general average of 1 to 36"5 prevails, with a further trifling decrease in advanced
life.*

The attempts hitherto made to measure or estimate the relative proportions of

the different convoluted parts of the cerebrum to each other and to the degree of

intelligence, either more directly or by the craniospic methods, have been
attended with little success. Such researches as those of Rudolph Wagner give,

iowever, some promise, when fully carried out, of affording more definite

results. These researches had for their object to institute an accurate comparison
between the brains of certain persons of known intelligence, cultivation, and
mental j)ower, and those of persons of an ordinary or lower grade. As examples
of brains of men of superior intellect he selected those of Professor Gauss, a
well-known mathematician of eminence, and Professor Fuchs, a clinical teacher ;

and as examples of brains of ordinary persons, those of a woman of 29 and a
workman.
The careful measurement of all the convolutions and the intervening grooves

in the four brains above mentioned has been carried out by H. Wagner, and the

result of these measurements is partly given in the accompanying table (see

next page), the numbers indicating square inches of surface.

It will he seen that although there are undoubtedly differences in the brains

examined, these are by no means so striking as might have been expected.

Indeed it may be stated that the general result of these and similar observations

has been hitherto inconclusive, for although there have been observed several

notable instances in which superiority of intellect has been found to be accom-
panied by increased size or complexity of the cerebral surface, in many other

cases no such relation has been noticed.

* On the relation between the weight of the brain and the individual stature, see

J. Marshall, Proc. Roy. Soc. 1875 : le Bon, Rev. d'Anthrop., 1879, and Bischoff, in the
work above-mentioned.
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ComjparatiBc measuremeiit of tlie extent of surface of the Convolutions of the

CereJjrum and its loies.

1. Gauss
i

1 2. Fuchs

3. Woman

4. Workman ..

Surface of eacli lobe separately. Free and deep
surfaces of Cerebrum.

Whole
surface

of
Cerebrum.3

g

"3

o
o

"3

o

139.

143.4

130.

113.2

70.6

C9.5

65.

62.3

59.4

59.

51.

50.5

68.4

67.5

66.8

62.

112.8

110.7

107.5

97.4

228.2

231.3

209.9

193.6

341.

342.

317.5

291.

1

WEIGHT OF THE SEVEBAL PAETS OF THE ENCEPHALON.
As the result of observations made in reference to this subject, on the brains

of 53 males and 34 females, between the ages of twenty-five and fifty-five, Dr, J.

Reid has given the following tables :

—

Average weight of cerebrum

„ cerebellum

„ pons and medulla oblongata

Males. Females. Difference
oz. drs. oz. drs. oz. drs.

43 15f 38 12 5 3f
5 4 4 12^ 7f

15| 1 oi oj

entire encephalon 50 3i 44 5 11

"With these results the observations of Huschke, and of Weisbech, mainly agree.

From this it appears that the proportionate weight of the cerebellum to that

of the cerebrum is, in the male, as 1 to 8|-, and in the female, as 1 to 85.

In the new-born infant the ratio of the weight of the cerebellum to that of the
whole brain is strikingly different from that observed in the adult. Huschke
found the weight of the cerebellum, medulla oblongata, and pons together in the

new-bom infant, as compared with that of the brain, to be in the proportion of

1 to 15, and 1 to 13. In the adult the proportions were 1 to 7, and 1 to 6.

Meynert found the proportions between the frontal, parietal, and conjoined

occipital and temporo-sphenoidal lobes to be 41'6 : 23'4 : and 3o'l.

WEIGHT OF THE SPINAL COBD.'^

Divested of its membranes and nerves, the spinal cord in the human subject

weighs from 1 oz. to If oz. Its proportion to the encephalon is about 1 to 33.

SPECIFIC GBAVITY OF THE ENCEPHALON.
The specific gravity of the different parts of encephalon has of late attracted

some attention from the facb having been observed that it varies to some extent in

different kinds of disease. From the researches of various observers, it appears

that the average specific gi-avity of the whole encephalon is about 1036, that of

the grey matter 1034, and that of the white 1040. There are also gonsiderable

differences in the specific gravity of some of the internal parts. Comparing the

specific gravity of the white and grey substances respectively with that of the

whole brain, DaHilewsky has calculated that about 33 per cent, of the weight of

the hemispheres is due to the grey cortex, or including the basal ganglia about
35-5 per cent.*

* For the recent literature of the brain and spinal cord the reader is referred to the

important -work by Schwalbe (Lehrbuch der Nenrologie, Erlangen, 1881), where it is given

with great completeness, and where many more details regarding the structure of the

central nervous system may be found than could conveniently be introduced here. The
similar work byHenle (Nervenlehre, Brunswick, 1879)mayalso be consulted with advantage.
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OKGANS OF THE SENSES.
In this place will be described the organs of sight, hearing, and smell—the higher organs of special sense. The description of the organ of

touch is given with the skin, and that of the organ of taste with the
tongue.

THE EYE.
The organ of vision, strictly speaking, consists only of the ball or

globe of the eye ; but connected with the eyeball externally are muscles,
nerves, and blood-vessels, elsewhere described, as well as other parts
specially destined for its protection, and known as the appendages of the
eye (tutamina oculi), of which an account will first be given.

THE EYELIDS AND COTTJUnSTCTIVA.

The eyehds (paJj^ehne) are moveable portions of integument, strength-
ened towards their margins by a thin lamina of dense fibrous tissue {far-
SKs). A mucous membrane {coyrjimdiva) lines theii- inner surface, and
is reflected thence on the front of the eyeball. The line of reflection is

termed the fornix of the conjunctiva.

Fig. 322.

—

Feont view op the right
E?E, WITH THE EYELIDS DRAWN APART
BY BLUNT HOOKS (Merkel).

Ps, plica semilunaris ; Pis, Pli, punc-
tum lachrymale sup. et inf. ; Car, carun-

cula lachrymalis ; Lpm, internal tarsal

ligament.

Fig. 322.

fc. -Pis

The upper lid is larger and
more moveable than the lower,

all the transparent part of the

globe being covered by it when
the eye is closed; it is chiefly by
the elevation of this lid that the

eye is opened, the movement being
effected by a muscle {levator 7;^/-

2Jebrm) devoted exclusively to this

purpose. At the outer and inner

angles (canthi) of the eye the

eyelids are united. The interval between the angles varies in diflPerent

Individuals, and, according to its extent, gives the appearance of a

I'U'ger or a smaller eye, the size of the globe being nearly the same in

all. The greater part of the edge of each eyelid is flattened and angular,

but towards the inner canthus it is rounded off for a short space, at the

same time that it changes its direction ; at this point there is seen on
each lid a slight elevation {papilla lachrymalis,)—t\iQ apex of which is

pierced by the aperture (punctwn) of a small canal (canaliculus lachry-

malis) which serves to convey away the fluid which moistens the con-

junctiva (fig. 322, Pli).

In the greater part of their extent the lids are applied to the surface

of the eyeball ; but at the inner canthus, opposite the apertures, there

intervenes a vertical fold of conjunctiva, the plica semilunars (fig. 322,
VOL. II. c c
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Ps), which rests on the eyeball ; whilst, occupying the recess of the angle at

the border of this fold, is a spongy-looking reddish elevation {caruncida

lachrymcdis, Car) formed by a small insulated portion of skin containing a

few large modified sweat glands, as well as a group of sebaceous glands

which open into the follicles of very fine hairs. There is further found
in it a small amount of plain muscular tissue (H. Miiller), as well as a

Fig. 323.

—

^Vertical section

THROUGH THE UPPER EYELID,

HUMAN (after Waldeyer). Mag-
nified.

a, skin ; h, orbicularis ; V,

ciliary bundle ; c, involuntary

niiTscIe of eyelid ; d, conjunctiva

;

e, tarsus
; /, Meibomian gland

;

g, sebaceous gland near eyelashes,

witli modified sweat-gland opening

with it ; h, ej-elashes ; i, small

hairs in outer skin
;

_;', sweat

glands ; Ic, posterior tarsal

glands.

few cross-striated muscular

fibres. A few plain muscu-

lar fibres are also to be

found in the plica semilu-

naris.

The plica semilunaris is the

rudiment of the third eyelid

(membrana nictitans) found in

many animals ; and in some
animals, and occasionallj^ in

man, the caruncula lacliiy-

malis retains its connection

with the skin at the inner

canthus.

Structure of tlie lids.

—The skin covering the

eyelids is thin and delicate,

and covered with fine downy
hairs (fig. 323, i, i) ; at the

line of the eyelashes it joins

the conjunctival mucous
membrane which lines the

inner smface of the lids.

The cutis vera contains a

number of ramified pigment cells. Beneath the skin is a quantity of loose

connective tissue free from fat and containing the lasciculi of the orbicu-

laris oculi muscle (b), and beneath the mucous membrane on the posterior

surface is the lamina of dense connective tissue before mentioned (e), and
known as the tarsus, or fi'om its consistence, the tarsal cartilage, which
thins ofi'near the attached margin of the eyelid into the palpebral ligament

connecting it with the margin of the orbit. In the tarsi are imbedded
the Meibomian glands (/). In the upper eyelid there is, in addition,

the insertion of the levator palpebr^ superioris, in the form of a
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fibrous expansion attaclied to the npper or anterior surface of the

tarsus.

The orhicvlaris muscle is closely attached to the skin by connective

tissue, but glides loosely on the tarsal cartilages. A marginal fasciculus

lies within the line of the eyelashes, separated by the bulbs of the lashes

from the other fibres, and constituting the ciliary IntncUe (&'). The
fibres of the orbicularis are very small. Its attachments have akeady been
described in vol. I.

The tarsi {tarsal cartilages) are two thin elongated plates formed of

dense connective tissue, without, according to most observers, any inter-

mixture of cartilage-cells. They are placed one in each lid, to which
they give shape and firmness. The upper one, the larger, is half oval

in form, being broader near the centre and narroT^dng towards the

angles of the lids. The lower is thinner, much narrower, and more
nearly of an uniform breadth throughout. Their free edge, which is

straight, is thicker than any other part. At the inner canthus they are

fixed to the nasal process of the superior maxillary bone by the internal

tarsal slip (vol. I., p. 273) ; and at the outer angle are attached to the

malar bone by a fibrous band termed the outer tarsal ligament.

The ixiliicbral ligament is a fibrous membrane placed beneath the

orbicularis muscle, attached on the one hand to the margin of the orbit,

and on the other to the tarsi, with which its tissue is continuous. The
membrane is thickest at the outer part of the orbit.

On the ocular surface of each lid are seen from twenty to thirty

parallel vertical rows of what look like yellow granules, lying immediately

under the conjunctival mucous membrane ; these are the Meibomian
fjlands (fig. 324, 6, 6). They are long sebaceous glands, imbedded in the

tarsi ; and they open on the free margin of the lids by minute orifices,,

generally one for each. The glands consist of nearly straight tubes,

closed at the end, Avith numerous small c^ecal appendages projecting

from the sides. The mouths ofthe tubes are lined by stratified epithelium

continuous with that of the skin : but the ducts and the glandular recesses

have a lining of cubical epithelimn filled with the fatty secretion.

According to Colosanti the glands have a basement membrane, and a

Fig. 324.

—

Meibomian glajtds op
THE LEFT EYELIDS AS SEEN FROM
BEHIND.

«, a, palpebral conjiinctiya ; i,

lachi-ymal gland ; 2, openings of seven
or eight of its ducts ; 3, upper and
lower puncta lachrymalia ; 6, 6, ends
of the upper and lower Meibomian
glands, of which the openings are

indicated along the margins of the
eyelids.

muscular layer outside this :

he further describes a network
of fine nervous fibrils amongst
the epithelium-cells.

A layer of unstriped muscular tissue is contained in each, eyelid ; that of the
upper (fig. 323, c) arising from the under surface of the levator palpebrse, that of
the lower from the neighbourhood of the inferior oblique muscle, and each being
inserted near th.e attaclied margin of the tarsus. It may also be mentioned in

c c 2
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this place that H. Miiller described a layer of unstriped muscle bridging' over the

spheno-maxillary fissure, corresponding to a more largely developed layer found
in the extensive aponeurotic part of the orbital wall of various mammalia. This

set of fibres has been also described by Turner (H. Miiller, WurzburgSitzungsb.,

1858 ; Turner, Nat. Hist. Eev., 1862). These involuntary muscles are under the

influence of the cervical sympathetic.

The eyelashes (cilia) are strong short curved hairs, arranged in two or

more rows along the margin of the lids, at the line of union between
the skin and the conjunctiva. The upper lashes are more numerous
and longer than the lower, and are curved in an opposite direction.

Near the inner canthus the hairs are weaker and more scattered. Immediately
within the eye-lashes, between them and the ciliary bundle of the orbicularis, is

a row of large modified sweat-glands, which open into the mouths of large

sebaceous glands (fig. 323, g) (not the Meibomian).

The coiijuntiva consists of the palpebral part (conjunctiva palpebrse),

with which may be included the plica semilunaris and caruncula, and of

the ocular part (conjunctiva bulbi), in which may be distinguished the

sclerotic and corneal portions : each of these parts presents distinctive

characters. The epithelium of the conjunctiva varies somewhat at

different parts, but is mainly columnar, with smaller cells between the

fixed ends of the columnar cells. Near the skin and cornea it shades off

into the stratified epithelium which covers these parts.

The palpeh^al portion of the conjunctiva is thicker and more vascular

than the rest of the membrane, and is freely supplied with nerves.

Through the puncta lachrymalia and canalicuh, it is continuous with
the lining membrane of the lachrymal sac. Although closely united

to the tarsi, it exhibits, nevertheless, numerous small creases or folds,

which are visible with a lens. A layer of small racemose or tubulo-

racemose glands is found on the ocular surface of the lids, immediately
under the conjunctiva, and beyond the blind ends of the Meibomian
glands (fig. 323, k). Their minute ducts open near the line of reflection

of the conjunctiva upon the globe of the eye.

The ocular portion.—The conjunctiva changes its character at the

line of reflection from the eyelids, becoming thinner and being loosely

connected to the sclerotic coat of the eyeball by submucous tissue. But
over the cornea it consists only of a prolongation of the epithelium,

which is closely adherent to the anterior layers of the cornea, in connec-
tion with which it will be described.

Vessels and nerves.—Only a few of the larger blood-vessels are generally

visible in the conjunctiva in the healthy condition, but in the condition of

inflammatory congestion a copious network of vessels very irregularly disposed,

comes into view. These are derived from the palpebral and lachrymal arteries.

Ai-ound the circumference of the cornea, they form a circle of anastomotic
capillary loops. In the foetus this plexus of vessels extends farther inwards.

Another set of vessels exists on the surface of the sclerotic, and these are also

seen when congested. They are entirely sub-conjunctival and adherent to the
sclerotic coat ; they are less tortuous than the conjunctival set, and are derived

from the anterior ciliary branches of the ophthalmic artery : they remain im-
movable on pressure of the eyelid, whereas the conjunctival vessels of course

shift with that membrane. These sclerotic vessels dip in at the margin of the
cornea, and appear to unite with a deeper minute network disposed in closely

get straight lines, which radiate, from the margin of the cornea.



THE LACHETMAL APPARATUS. 389

A well developed network of lymjjliatics exists tlirongliout the sclerotic and
palpebral portions of tlie conjunctiva ; but at the mai-g-in of the cornea a sudden
diminution takes place in the size of the meshes and diameter of the vessels,

which become irregular and pointed, and come into connection with ramified

cell-spaces in the cornea.

Many of the nerves in the conjunctiva, as far as the cornea, teiminate. as was
sho^^^l by Krause, in end-bulbs. These have already been sufficiently described

(p. 170.)

The mucous membrane of the conjunctiva contains a large quantity of lymphoid
tissue, especially at its back part. Lymphoid nodules are also occasionally present,

but seldom in man.

THE IiACHRYMAL APPABATUS.

The parts which constitute the lachrymal apparatus are the following,

viz. :—The gland by which the tears are secreted ; the two canals which,

collect the fluid near the inner canthus, and the sac with the nasal duct

continued from it, through which the tears pass into the inferior meatus
of the nose.

The lachrymal gland (fig. 324, 1), an oblong flattened body, about

the size of a small almond, is j)laced in the upper and outer part of the

Fig. 325.Fig. 325.

—

Front of the left eyelids

WITH THE LACHRYMAL CANALS AND
NASAL DUCT EXPOSED.

1, 1, upper and lower lachrymal canals,

showing towards the eyelids the narrow
bent portions and the puncta lackrymaha

;

2, lachrymal sac; 3, the lower part of

the nasal duct ; 4, plica semilxmaris ; 5,

caruncula lachrymalis.

orbit, a little behind the anterior

margin. The upper convex sur-

face of the gland is lodged in a

slight depression in the orbital

plate of the frontal bone, to the

periosteum of which it is united

by fibrous bands ; the lower sur-

face is adapted to the convexity

of the eye-ball, and is in contact

with the upper and the outer recti muscles. The fore part of the

gland, separated from the rest by a thin layer of fascia, and some-

times described as a distinct gland {glandula lachrymalis inferior of

Eosenmiiller), is closely adherent to the back of the upper eye-lid, and is

covered on the ocular sm-face merely by the conjunctiva ; its lobules are

small and separate, with minute ducts, some opening separately, others

joining the ducts fr'om the principal gland, which are also ^'ery small.

The number fi-om both divisions of the gland seldom exceeds twelve or

fomteen. After running obhquely under the mucous membrane, and
separating at the same from each other, they open in a row at the fornix

conjunctiva, by separate orifices, at its upper outer part.

The lachrymal gland is a compound racemose gland resembling the salivary

glands in general structure. Its alveoli are bounded by a basement membrane
formed of ramified flattened cells ; and the secretiug cells exhibit changes in the

difEerent states of i:est and activity of the gland similar to those seen in most
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other glands (see p. 223). No rod-like structure has been noticed in the epithelium

of the ducts.

Lachrymal canals.—These commence as already mentioned by a

minute aperture {pundum) on the margin of each Hd, near the inner

angle (fig. 325, 1, 1). The upper canal is rather the smaller and
longer of the two : it first ascends from the punctum ; then makes a
sudden bend, and is directed inwards and downwards to join the lach-

rymal sac (fig. 325, 2). The lower canal descends from the corresponding

punctum and then takes a nearly horizontal course inwards. Both canals

are dilated where bent. In some cases they unite near the end ; more com-
monly they open separately, but close together, into the sac.

The lachrymal sac and nasal duct constitute together the passage

by which the tears are conveyed from the lachrymal canals to the cavity

of the nose. The lachrymal sac (fig. 325, 2), the slightly dilated upper
portion of the passage, is situated at the side of the nose, near the inner

canthus of the eye, and lies embedded in a deep groove in the ungual
and superior maxillary bones. Its upper end is closed and rounded, and
the lower end gradually narrows into the nasal duct. On the outer side,

and a little in front, it receives the lachrymal canals ; and here it is

placed behind the tendo palpebrarum, and some of the inner fibres of the

orbicular muscle of the lids ; while on its orbital surface is the tensor

tarsi muscle. The nasal duct, about half an inch or rather more in

length, grooving the upper maxilla, descends to the fore part of the

lower meatus of the nose, the osseous canal being completed by the

ungual and lower turbinate bones. Both sac and duct are composed
of fibrous and elastic tissues, adhering closely to the bones above
mentioned, and strengthened in the case of the lachrymal sac by a fibrous

process sent from the tendo palpebrarum, which crosses it a little above
its middle. The inner surface is lined by a mucous membrane, which
is continuous through the canaliculi with the conjunctiva, and through
the nasal duct with the mucous membrane of the nose.

At the opening into the nose it is often arranged so as to form an
imperfect valve (Hasner). The nasal duct is rather narrower in the

middle than at either end ; its direction is not quite vertical, but inclined

slightly outwards and backwards.

The mucous membrane in the canaliculi possesses a stratified scaly

epithelium, but in the nasal sac and duct a ciliated epithelium as in the

nose.

THE GLOBE OF THE EYE.

The globe or ball of the eye is supported by a quantity of fat and loose

connective tissue in the centre of the fore part of the orbital cavity.

The recti and obliqui muscles closely surround the greater part of the

eyeball, and are capable of changing its position within certain limits :

the lids, with the plica semilunaris aud caruncle, are m contact with its

covering of conjunctiva in front ; and behind it receives the thick stem
of the optic nerve.

The eyeball is composed of segments of two spheres,, of which the

anterior is the smaller and more prominent ; the segment of the larger

posterior opaque sphere corresponds with the limit of the sclerotic coat,

and that of the smaller sphere with the cornea.

The eyeball measures about an inch across from side to side and from
above downwards, but not quite a full inch from before back.
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Except when directed towards near objects, the axes of the eyes are

nearly parallel ; the optic nerves, on the contrary, diverge considerably.

Each nerve enters the corresponding eye about a tenth of an inch to

the inner or nasal side of the axis of the eyeball.

The eyeball consists of three concentric coats, and of certain fluid and
solid parts enclosed by them. The coats are (1) an external fibrous

covering, forming the sclerotic and cornea, (2) a middle vascular, pig-

mented, and in part also muscular membrane, the choroid and v'is, and (3)
an internal nervous and epithelial stratum, the retina. The enclosed

Fig. 326.

Fig. 326.

—

Yeetical SECTION of the left okbit and its contents. (Allen Thomson.

)

Tlie section has been carried first obliquely through the middle of the optic foramen

and optic nerve as far as the back of the eyeball, and thence forward through the eyeball,

eyelids, &c. a, frontal bone ; b, superior maxillary ; c, eyebrow ; d, the upper, and d',

the lower eyelid, partially open, showing the section of the tarsi, the eyelashes, &c. ; e, e,

the reflection of the conjunctiva from the upper and lower eyelids to the surface of the

eyeball; /, the levator palpebrte superioris muscle; g, the upper, g', the lower rectus

muscle ; h, the inferior oblique muscle divided ; 1, 1, the optic nerve divided in its

sheath ; 2, the cornea ; 2', the sclerotic ; 3, aqueous chamber ; i, crystalline lens ; 5,

vitreous chamber

refracting media, three in number, are the aqueous humour, the vitreous

'body, and the lens.

Around the middle of the eyeball there is an adventitious tunic of

fascia, tunica vaginalis oculi, or cajjsule of Tenon, which is perforated by
the tendons of the recti and obliqui muscles, and connected with the

sclerotic by merely the most delicate connective tissue (except posteriorly,

at the entrance of the ciliary vessels and nerves, where it blends

with the sclerotic). This capsule is lined by flattened epithelial cells,

and encloses a lymph-space, which separates the eyeball from the orbital

fat, and enables it to glide freely in its movements.

THE SCLEROTIC COAT.

The sclerotic coat, the tunic of the eye on which the main-

tenance of the form of the organ chiefly depends, is a strong, opaque,
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Fig. 327

Fig. 327.

—

View of the lower half of the eight adult human eyk, divided
HORIZONTALLY THROUGH THE MIDDLE. MAGNIFIED FOUR TIMES. (Allen TllOmSOn).

The specimen from which this outline is taken was obtained by dividing the eye of a
man of about forty years of age in the frozen state. It was carefully compared with other

specimens obtained in a similar manner ; and in the drawing averages have been given
in any particulars in which differences among them presented themselves.

1, cornea ; 1', conjunctiva ; 2, sclerotic ; 2', dural sheath of the optic nerve passing

into the sclerotic ; 3, 3', choroid ; 4, 4', ciliary muscle ; 5, ciliary process; 6, placed in

the posterior division of the aqueous chamber, in front of the suspensory ligament of

the lens ; 7, 7', the iris ; 8, central artery of the retina ; 8', coUiculus of the optic nerve

;

8", fovea centralis ; 9, ora serrata; 10, so-called canal of Petit ; 11, aqueous chamber

;

12, lens ; 13, vitreous humour ; a, a, a, axis of the eye ; h, h, h, h, equator. It will

be observed that from the pupil being placed nearer the inner side the axis of the eye-

ball, a, a, does not pass exactly through the centre of the pupil ; this line falls also a

little to the inner side of the fovea centralis. The following letters indicate the centres

of the curvatures of the dififerent surfaces, assuming them to be nearly spherical, viz. : c a,

of the anterior surface of the cornea ; c 'p, posterior surface ; I a, anterior surface of the

lens ; I p, posterior surface ; sc p, posterior surface of the sclerotic ; r a, anterior sui'face

of the retina.
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In connection with this figure the following average dimensions of the parts

of the adult eye in fractions of an English inch may be stated :

—

Transverse diameter of the eyeball ....... 1*

Vertical diameter (Krause) 0'96

Antero-posterior diameter 0*96

Greatest thickness of the sclerotic, choroid, and retina together . . O'OS

Greatest thickness of the sclerotic posteriorly ..... 0'05

Smallest thickness at the sides and in front . . ... 0'025

Thickness of the cornea in the centre ...... O'Oi

Distance from the middle of the posterior surface of the cornea to the
front of the lens .......... 0*1

Antero-posterior diameter of the lens . . . . . . 0"16

Transverse ditto 0'36

Greatest thickness of the ciliaiy muscle ...... 0"04

Thickness of the iris .......... 0"015

Length of the radius of curvature of the anterior surface of the

cornea (regarding it approximately as spherical) .... 0'305

Radius of the posterior surface ........ 0'275

Radius of the posterior surface of the sclerotic..... 0*5

Radius of curvature of the anterior surface of the lens . . . 0'328

Radius of the posterior surface . . . . . . . . 0'24

Distance of the middle of the posterior surface of the lens from the

middle of the retina ......... 0"o75

Distance between the centre of the spot of entrance of the optic

nerve and the middle of the fovea centralis retinjE . . , . 0'14

Diameter of the base of the cornea ....... 0'4S

Diameter of the base of the iris transversely . . . . . . 0"4.5

Diameter of the base of the iris vertically...... 0'43

Diameter of the pupil 0"14

fibrous structure. It extends over about five-sixths of the eye-ball

(fig. 327, 2,) joining in front with the cornea. The outer surface is

white and smooth, except where the tendons of the recti and obliqui

muscles are inserted into it. The inner surface is of a light brown
colour, and rough from the presence of a delicate pigmented connective

tissue {meinbrmm fusca), which is united by fine threads with the choroid

coat. These filaments traverse a lymphatic space through which branches

of the ciliary vessels and nerves also pass obliquely. The sclerotic is

thickest at the back part of the eye, and thinnest at about a quarter of an
inch from the cornea: at the junction with the latter, it is again somewhat
thickened. The optic nerve pierces this coat about one-eighth or one-

tenth of an inch internal to the axis of the ball, and the opening is

somewhat smaller at the inner than at the outer surface of the coat.

The outer fibrous sheath of the nerve blends with the sclerotic at the

margin of the aperture : in consequence of this arrangement, when the

nerve is cut off close to the eye-ball, the funiculi seem to enter by a
group of pores ; and to the part of the sclerotic thus perforated the

name of lamina cribrosa is sometimes given. Around this cribrous

opening are smaller apertures for vessels and nerves.

Structure of the sclerotic.—The sclerotic coat is formed of bundles

of connective tissue fibres, and yields gelatine on boiling. Its white

fibres are combined with fine elastic elements, and amongst them lie

numerous connective tissue corpuscles lodged in cell-spaces, but not by
any means so regularly arranged as in the cornea. Some of the cells are

pigmented. The bundles are disposed in layers both longitudinally and
transversely, the longitudinal arrangement being most marked at the sur-
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faces. These layers communicate at intervals so as not to be separable

for any distance.

Both, externally and internally the sclerotic is covered -with flattened epithelioid

cells, -which are reflected over the muscles, vessels, nerves, and connecting bands

of tissue vs^hich pass from it to the capsule of Tenon and the choroid coat re-

spectively. The lamina fusca resembles in structure the lamina suprachoroidea

of the choroid coat.

At the back of the eye-ball, oiDposite the fovea centralis of the retina, the

sclerotic is traversed in its thickness by a strand of fibrous tissue, which unites

the laminas as it passes through them. This fibrous strand is known as the

funiculus sclerce (Hannover).

A few blood-vessels permeate the fibrous texture in the form of a network of

capillaries with veiy wide meshes. In the neighbourhood of the cornea a zone

of greater vascularity exists, which has been already noticed in the description of

the sclerotic conjunctiva.

THE CORNEA.

The cornea, the transparent fore part of the external coat, admits

light into the interior of the eyeball. It is nearly circular in shape,

but is occasionally wider in the transverse direction, and its arc

extends to about one-sixth of the circumference of the whole globe.

Having a curvature of a smaller radius than the sclerotic, it pro-

jects forwards beyond the general surface of curvatm-e of that mem-
brane : the degree of its curve varies, however, in different persons, and
at different periods of life in the same person, being more prominent in

youth than in advanced age. Its thickness is in general nearly the

same throughout, viz., from -^V to -gV of ^"^ inch, excepting towards the

periphery where it becomes somewhat thicker. The posterior concave

surface exceeds slightly in extent the anterior or convex, in consequence

of the latter being encroached on by the superficial part of the sclerotic ;

the cornea being overlapped by the sclerotic (to which however it is

joined by continuity of tissue) like a watch glass by the edge of the

groove into which it is received (see fig. 327).

STRUCTURE OF THE CORNEA.

The cornea may be described as consisting of three parts—a stratified

epithelium in front (fig. 329, 1) continuous with the epithelium of the

conjunctiva ; a middle part, substantia propria, or cornea proper (3),

continuous with the sclerotic, composed of modified connective tissue
;

and a homogeneous elastic lamella (4), bounding it behind, and itself

covered with a simple layer of epithelium-like cells (5).

Epithelium of the Cornea.—The epithelium covering the front of

the cornea is of the stratified kind (fig. 328). The lowermost cells (f)

are columnar, with a flattened base, where they rest on the substantia

propria, and a rounded apex, upon which a cell of the next layer

fits. To the base of each columnar cell is attached a broad, flattened,

strongly refracting process, which projects under one of the neighbouring

cells (not shown in the figure). Above these columnar cells are two or

three layers of polygonal cells, some of the deeper of which (the fingered

cells of Cleland) have projections from their under surface which fit

between the cells below. These polygonal cells present well-marked
denticulations, which join one another across in the intercellular spaces

which separate the cells. Quite superficially is a stratum of flattened

scaly epithelium cells, which retain their nuclei.
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The proper substance of the cornea is composed, as before said, of

a modified form of connective tissue, all the constituents of which have
very nearly the same index of refraction, so that in the perfectly fresh

condition it is difiicult, even with the best lenses, to make out any
indications of structure. After death, however, and with the assistance

of reagents, the cornea may be ascertained to consist of alternating

lamellae of fibrous tissue (about sixty in number, Bowman), the planes of

which are parallel to the surfaces of the cornea. The fibres composing
the lamellge are nearly straight and have a definite direction in each layer

;

Fig. 328.

Fig. 328.

—

^Vertical skctiow theotjgh the epithelium of the coehea,
HUMAN. (E. A. S. ) Highly magnified.

c, deepest columnar cells ; jj, polygonal cells, immediately above them
; fl, flattenetl

cells of the surface.

The section is slightly broken on the right of the figure. The intercellular channels

bridged across by processes extending from one cell to another are distinctly seen.

they cross one another at right angles in the alternate layers (fig. 329, h, d).

It must, however, be understood that the latter are not individually

distinct, but give off frequent offsets to the layers above and below, so

that they cannot readily be stripped away for any distance. The fibrils

are coUected into roundish bundles, which, as well as the laminse they

form, are, as in the connective tissue elsewhere, separated from each

other by ground-substance. The latter is in greatei^-abundance between
the fibrous strata than elsewhere, and in these parts the cell-spaces of the

tissue are found. These ceU-spaces, which are readily demonstrated by
staining the tissue with nitrate of silver (fig. 331), are flattened con-

formably with the lamellee, are of an irregularly stellate figure, and freely

communicate by their offsets both with others on the same plane and
with those above and below. The greater regularity of arrangement
which characterises them, as compared with the cell-spaces of connective

tissue elsewhere, is dependent on the regularly laminated structure

of the cornea.

The corpuscles of the tissue

—

corneal corpuscles—lie within the cell-

spaces, corresponding generally with them in form, but without entirely

filling them, the room left serving for the passage of lymph and lymph-
corpuscles. The protoplasm of the corpuscles is clear, except in the

neighbourhood of the nucleus, where it is more granular ; the cells send

branching processes along the anastomosing canals of the cell-spaces,

which join with those of neighbouring corpuscles. In vertical sections

the corpuscles appear fusiform (fig. 329, c), but horizontal sections show
them to be flattened conformably with the surface (fig. 330).
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In the tuman cornea the cell-spaces can be filled with fluid injection by
inserting the nozzle of a fine syringe into the tissue, and employing a very low
pressure ; in this way a network of anastomosing stellate figures is obtained

(Recklinghausen's canals) ; if, however, the injection-fluid be too consistent, or

if too great force be employed, the injection becomes extravasated in the inter-

stices of the fibril-bundles, the direction of which it takes ; and the appearance

Fig. 329.
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Fig. 329.

—

Vektical section of human cornea fbom neab the margin (Waldeyer).

Magnified.

1 , epithelium ; 2, anterior homogBneous lamina ; 3, substantia propria corneas ; 4, pos-

terior homogeneous (elastic) lamina ; 5, epithelium of the anterior chamber ; a, oblique

fibres in the anterior layer of the substantia propria ; b, lamellte the fibres of M'hich are

cut across, producing a dotted appearance ; c, corneal corpuscles appearing fusiform in

section ; d, lamellae the fibres of "which are cut longitudinally ; e, transition to the sclerotic,

with more distinct fibrillation, and surmounted by a thicker epithelium
; /, small blood-

vessels cut across near the margin of the cornea.
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is produced of minute swollen tubular passages running' at right angles to one
another in the different layers (Bowman's corneal tubes). This appearance may
still more readily be obtained if air is injected into the tissue instead of mercury
(the fluid used by Bowman), and it is seen that the injection always stops at the
margin of the cornea, where the tissue becomes denser as it passes into the
sclerotic, whereas Eecklinghausen's canals are continued into the cell-spaces of

the latter.

The part of the cornea immediately beneath the anterior epithehum,

for a thickness of from o-qVo ^^ tijVo of an inch, is denser than the rest

of the tissue, and entirely fi'ee from corpuscles (fig. 329, 2). It was
named the anterior elastic lamina by Bowman, but appears not to differ

materially in structure fi'om the rest of the corneal substance, fibres from
which may be seen passing obliquely towards, and becoming lost in it

(fig. 329, a).

Fig. 330. Fig. 331.

Fig, 330.

—

Corpuscles op the rat's

CORNEA. From a preparation treated
WITH CHLORIDE OF GOLD. (E.A.S.)

Fig. 331.

—

Cell-spaces op the rat's

CORNEA. From a preparation stained

WITH nitrate of SILVER. (E.A.S.)

The membrane of Descemet or Demours (fig. 329, 4) (posterior

elastic lamina. Bowman), not very closely united with the fibrous part of

the cornea, is transparent and glassy in appearance. It is firm and
structureless, but very elastic ; and when shreds are removed fi'om it

they tend to curl up with the attached surface, innermost. It appears

not to be affected by acids, by boiling in water, or by maceration in

alkalies, but under some conditions it can be split up into very fine

lamellge. In thickness it varies ft'om ^roVo ^o 30^00 of ^^'^ inch. It is

lined next the anterior chamber with an epithelium (fig. 329, 5), which
resembles that on serous membranes, consisting of a single layer of

flattened polygonal cells with distinct nuclei.

At its circumference the membrane breaks up into bundles of fibres,

which are partly continued into the front of the iris, forming the " pillars

of the iris " and partly into the fore part of the choroid and sclerotic

coats. To these festoon-like processes passing between the iris and pos-

terior part of the cornea at its junction with the sclerotic, and which are

"very much more marked in the eyes of the sheep and the ox than in the



393 THE EYE.

human eye, the name ligamenium pecUnatum iridis was given by
Hueck. The processes in question are covered with epithehoicl cells, con-
tinued from Descemet's membrane, but these cells do not stretch across
the intervals between the processes, so that the cavity of the aqueous
chamber is prolonged into, and freely communicates with, cavernous
spaces {spaces of Fontana) in the tissue between the processes (fig. 332, 3).

Fig. 332.

Fig. 332.

—

Section (from the eye op a man, aged 30), showing the relations

OP the cornea, sclerotic, and iris, together -with the ciliary muscle, and
the cavernous spaces near the angle op the anterior chamber (WaJdeyer).

Magnified.

A, epithelium ; e, conjunctival mucous membrane ; c, sclerotic ; D, supra-choroid

space and laminae ; e, opposite tlie ciliary muscle ; f, clioroid, with ciliary process

;

G, pars ciliaris retiijEe ; h, cornea ; i, iris ; K, radiating and meridional, and l, circular or

annular bundles of the ciliary muscle ; m, bundles passing to the sclerotic ; n, ligamentum
pectinatum iridis at the angle, o, of the anterior chamber; p, line of attachment of the

iris ; 1, anterior homogeneous lamina of the cornea ; 2, fiosterior homogeneous lamina,

covered with epithelial cells which are continiTcd over the front of the iris ; 3, cavernous

spaces at the angle of the anterior chamber (spaces of Fontana) ; 4, canal of Schlemm,
with epithelial lining, and with a vessel, 5, leading from it ; 6, other vessels ; 7, bundles
of fibres of the sclerotic having a circular direction, cut across ; 8, larger ones in the

substance of the sclerotic ; 9, fine bundles cut across, at limit of cornea; 10, point of

origin of meridional bundles of ciliary muscle ; 11, t)lood-vessels in sclerotic and con-

junctiva, cut across ; 12, section of one of the ciliary arteries.
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A similar, but rather larger space is found slightly anterior to these in the

substance of the sclerotic, close to its junction with the cornea. This,

which is elliptical in section, is known as the sinus circularis iridis, or

canal of /Schlemm (fig. 332, 4).

According to Schwalbe, the canal of Schlemm communicates, through the other

spaces, with the aqueous chamber of the eye. But, on the other hand, the canal

of Schlemm, and the other cavernous spaces in its neighbourhood, are in com-
munication with the veins of the anterior part of the sclerotic, and therefore the

aqueous chamber must also thi-ough them communicate with the veins. In sup-

port of this, it was found by Schwalbe that both the spaces and the veins became
filled with coloured fluid when this had been injected into the anterior chamber.
Why blood does not find its way into the latter during life is not explained, since

no valves have as yet been discovered in these veins or spaces : the reason given
being, that greater resistance is offered to its passage here than to its return

by the ordinary paths.

According to Leber on the other hand, the results obtained by Schwalbe were
due to a diffusible colouring matter having been emjaloyed for filling the anterior

chamber. Leber aflBrms that when a non-diffusible one is used it never penetrates

into the canal of Schlemm, which is simjily a large circular terminal vein, or a
collection of two or three plesiform veins uniting at frequent intervals into one
trunk. It is admitted however that fluid may pass with extreme readiness from
the anterior chamber into these veins.

Vessels and nerves.—In a state of health the cornea is not pro-

vided with blood-vessels, except at the circumference, where the capil-

laries of the conjunctiva and sclerotic end in loops. Neither are any
lymphatic vessels discoverable, unless the channels in which the nerves

run, and which are lined with flattened cells and are indirectly in

connection with the cell-spaces, are to be taken as representing them.
The nerves, on the other hand, are very numerous. Derived from the

ciliary nerves, they enter the fore part of the sclerotic, and are from
forty to forty-five in number (Waldeyer). Continued into the fibrous

part of the cornea, they retain their dark outline for -gVth to xo^^^ of

an inch, and then, becoming transparent, ramify and form a plexus in

the laminated structm-e, near the anterior sm'face. From this primary
or fundamental jjlexus other nerves proceed, and passing obliquely

through the anterior homogeneous lamina, divide into pencils of fibrils,

whose general direction is towards the centre of the cornea, and which
join with one another to form a much finer and closer plexus at the

sm'face of the cornea, immediately beneath the epithelium. From this

secondary or suhejjithelial plexus exceedingly fine, varicose, ultimate

fibrils (fig. 333, V) pass among the epithelium-cells, and form here a

third plexus or rather oietworlc, the intra-ejjithelial plexus, which ex-

tends almost to the free surface (fig. 333, c, c), and the fibrils of

which end in minute terminal varicosities or knobs. According to Klein

this does not represent the ultimate ending, but the intra-epithelial

fibrils are beset with minute ramifying processes, passing off at right

angles from them and forming a yet finer and closer network between
the epithelium-cells.

In addition to the nerves which are destined for the epithelium,

others, destined for the proper substance of the cornea, come off from the

primary plexuses, and, after uniting into one or more secondary plexuses,

the cords of which are stiU composite, eventually form, in and among
the lamina3, a terminal network of ultimate fibrils, the meshes of which
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are much more open than those of the intra-epithelial network (see fig.

173, c, d, p. 173). An actual connection of these nerves with the cor-

puscles of the cornea has never been satifactorily shown ; although,

since the fine nerve-fibrils run in the anastomosing cell-spaces, they

come into close connection with the corpuscles and their processes,

and have been described by some observers as being actually continuous

with the latter.

The larger branches of the nerves are covered Mdth a sheath of flat-

tened cells which, as before mentioned, are in connection with the

corpuscles of the cornea. At the points of junction of the plexuses

Fig. 333.

Fig. 333. ^Termination of nerves in the rabbit's cornea. Chloride of gold
PREPARATION ; OBLIQUE SECTION (Klein).

a, part of the primary plexus in the substantia propria ; 6, fibrils of the secondary
(subepethelial) plexus ; c, part of the tertiary (intra-epithelial) plexus (this is represented

in the figure as much closer than is actually the case).

nuclei are frequently seen, but these appear to belong to the ensheathing
cells, and are not interpolated in the course of the fibres.

THE CHOROID COAT.

The choroid coat of the eye (tunica cboroidea s. vasculosa) is a dark

brown membrane lying between the sclerotic and the retina. Anteriorly

it is continued into the iris, but before it passes into this it forms a

number of radial inwardly projecting thickenings named ciliary pro-

cesses, disposed in a circle and embedded in corresponding pits in

the surface of the vitreous humour and suspensory ligament of the lens.

The choroid coat is thickest behind where it is pierced by the optic nerve.

The outer surface is connected to the sclerotic by loose connective tissue

and by vessels and nerves which pass obliquely across a lymph-space

which otherwise serves to separate the two tunics. The inner surface,

which is smooth, is covered by the hexagonal pigmented cells of the

retina. These, when the retina is detached, generally remain adherent

to the choroid, and were formerly described as belonging to that coat,
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but they are now known to be intimately related, both in their develop-

ment and also physiologically, to the retina.

Fig. 334.

—

Choroid mem-
brane ANB IRIS EXPOSED

BY THE REMOVAL OF THE
SCLEROTIC AND CORNEA
(after Zinn). Twice the
NATURAL SIZE.

a, part of the sclerotic

thrown back ; h, ciliary

muscle ; c, iris ; e, one of

the ciliary nerves ; /, one

of the vasa vorticosa or

choroidal veins.

The ciliary iirocesses

(fig. 335), about seventy

in number, are arranged

meridionally, and to-

gether form a circle.

They consist of larger

and smaller thickenings

without regular alterna-

Fiff. 334.

Fig. 335.Fig. 335.— Ciliary processes as seen from
BEHIND. Twice the natural size.

1, posterior surface of tlie iris, witli tte

sphincter muscle of the pupil ; 2, anterior

part of the choroid coat ; 3, ciliary processes.

tion. Each of the larger ones, mea-
suring about -^ of an inch in length

and -^ in depth, forms a rounded pro-

jection at its inner (anterior) end, which
is free from the pigment which invests

the rest of the structure ; but ex-

ternally they gradually taper, and dis-

a23pear. The smaller processes are

only half as deep as the others, and
about one-third as numerous. At
and near the inner ends the processes are connected by lateral

projections.

STEUCTURE OF THE CHOEOID.

The choroid consists mainly of blood-vessels united by a delicate con-

nective tissue, which contains numerous large ramified and pigmented
cells.

Esternally the choroid is bounded by a membranous layer similar to

the lamina fusca of the sclerotic, and known as the lamina sicpra-

choroidea. This is composed of a thin membrane (or membranes) of a

homogeneous aspect, but pervaded by a network of fine elastic fibres, and
covered by large flat epithelium-like cells. It contains also large flat-

tened pigment-cells dispersed irregularly or arranged in patches, with
considerable intervals fi'ee from pigTQent-cells ; and lymphoid cells may



402 THE EYE.

occur in it here and there singly or in groups (fig. 336). It is loosely

united to the lamina fasca by vessels and bands of connective tissue

enclosing pigment-cells, and the two lamintE as well as the uniting

structures are coated with pavement-epithelium, a lymph-space being
thus formed between the sclerotic and choroid. This space com-
municates, at the places where the vessels and nerves pierce the sclerotic,

with that of the capsule of Tenon (Schwalbe).

Fig. 336.

Fig. 336.—A SMALL POKTiON OF LAMINA suPRA-CHOROiDEA. Highly magnified.

(E.A. S.)

"p, pigment-cells
; /, elastic fibres ; n, nuclei of epithelioid cells (the outlines of the

cells are not indicated) ; I, lymphoid cells.

The choroid proper resembles in general structure the lamina supra-

choroidea, but contains in addition a very large number of blood-vessels.

From a diflPerence in the fineness of these constituent vessels, it

resolves itself into two strata, outer and inner ; the former containing

the larger branches, and the latter the capillary ramifications. A layer

of connective tissue which unites the two strata, and is nearly free from
pigment, is sometimes described as a third or intermediate part.

In the outer part of the coat are situated, as just stated, the larger

branches of the vessels. The arteries {sliort ciliary) are comparatively

large and numerous, and piercing the sclerotic close to the optic nerve

(fig. 337, a), divide into branches which are directed at first forwards

but soon bend" obliquely inwards to end in the cnpillary layer ; whilst

the veins {iiasa voriicosa), external to the arteries, are disposed in curves

as they converge to four or five principal trunks (fig. 33-1:,/; figs. 337,

338, h) which pierce the sclerotic about half way between the margin of

the cornea and the entrance of the optic nerve. In the intervals between
the vessels are elongated and stellate pigment-cells.

The inner part of the choroid coat {tunica RuyscMana s. chorio-capil-

laris, fig. 337, m) is formed mainly by the capillaries of the choroidal

From the ends of the arteries the capillaries radiate (fig. 339,
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3, 3), and form meshes which are closer than in almost any other texture,

being especially fine at the back of the eyeball. The network reaches as

far forwards as about ^th of an inch from the cornea, or opposite the

end of the retina, where its meshes become larger, and join those of the

ciliary processes.

Fig. 337.

—

Diagrammatic re- Fig. 337.

PRESENTATION OF THE COURSE
OF THE VESSELS IN THE EYE.

Horizontal section (Leber).

Arteries and capillaries

RED ; veins blue.

0, entrance of oiatic nerve ;

a, short posterior ciliary ar-

teries ; a', branch to the optic

nerve ; h, long posterior ciliary

arteries ; c, anterior ciliary ves-

sels ; d, posterior conjunctival

vessels ; cV, anterior conjuncti-

val vessels ; e, central vessels of

the retina
; /, vessels of the

inner sheath of the optic nerve

;

g, vessels of the outer sheath
;

h, vorticose vein ; i, short pos-

terior ciliary vein ; I, anasto-

mosis of choroidal vessels with

those of optic nerve ; m, chorio-

capillaris ; n, episcleral vessels ;

'

o, recurrent artery of the cho-

roid
; p, circulus iriclis major (in

section)
; 5, vessels of iris ; r,

vessels of ciliary process ; s,

branch from ciliary muscle to

vorticose vein ; t, branch from

ciliary muscle to anterior ciliary

vein ; u, canal of Schlemm ; v,

capillary loop at margin of

cornea.

On the inner surface

of the tunica Euyschiana
is a structm'eless or fine-

ly fibrillated transparent

membrane, the memhrane

of Brucli, which lies next to the pigmentary layer of the retina, and
anteriorly, in the region of the ciliary processes, presents on its inner

surface numerous microscopic reticular folds.

The ciliary processes have the same structure as the rest of the

choroid ; but the capillary plexus of the vessels is less fine, and has

meshes with chiefly a longitudinal direction ; and the ramified cells,

fewer in number, are devoid of pigment towards the fi'ee extremities of

the folds.

The blood-vessels of the cihary processes (fig. 340, d) are very numerous,
and are derived from the anterior ciliary (fig. 337, c) and fi'om those of

the fore part of the choroidal membrane. Several small arterial branches
enter the outer part of each ciliary process, at first running parallel to

each other and communicating sparingly. As they enter the prominent
folded portion, the vessels become tortuous, subdivide minutely, and
inosculate frequently. Finally they form short arches or loops, and turn

D D 2
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backwards to pour their contents into the radicles of the veins. On the
fi-ee border of the fold, one artery, larger than the rest, extends the whole
length of each ciliary process, and communicates through intervening
vessels with a long venous trunk which runs a similar course on the
attached surface.

Ciliary muscle.—At the anterior part of the choroid, between it and
the sclerotic, is a zone of plain muscular tissue, the ciliary muscle, of

Kg. 33S. Fig. 338.

—

Semi-i)iagrajijiatic

KEPRESENTATION OF THH
COURSE OF THE VESSELS IN

THE CHOROID AND IRIS (Leber).

The ciliary muscle is sup-

posed to be removed on the
right side to show the vessels

of the ciliary processes, and the
converging vessels of the ciliary

zone.

Bowman. It arises (fig.

332, 10) by a thin tendon
from the forepart of the

sclerotic close to the cor-

nea, between the canal of

Schlemm and the spaces

of Fontana, and its fibres,

spreading out, are directed

backwards (fig. 332, k),

to be inserted into the

choroid opposite to the
ciliary processes, and
partly further back. Near
their insertion the fibres

pass equatorially and in-

ter-cross so as to form
pecuhar stellate figures.

According to Waldeyer,
a small portion (the

outermost) is sometimes
inserted into the sclerotic coat (fig. 332, m). These antero-posterior, or

meridional and radiating fibres, pass at the side next the iris into a ring of

fibres (l), which have a circular course around the insertion of the iris.

This set forms the circular ciliary muscle of H. Miiller. This circular

muscle is much developed in hypermetropic eyes, but is atrophied, or

may even, it is said, be absent in myopic (Iwanoff ). The ciliary muscle,

at least its inner part, was formerly described as the ciliary liyament. In
birds the ciliary muscle is composed of cross-striped muscular fibres.

The nerves of the choroid will be described with those of the iris.

The

THE IRIS.

iris is the contractile and coloured membrane ^vhich is seen

In itsbehind the transparent cornea,, and gives the tint to the eye

centre it is perforated by an aperture—the 2nipil.

At its circumferential border, Avhich is nearly circular, the iris is
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continuous with the choroid, and by the ligamentum pectinatum, with

the cornea : the free inner edge is the boundary of the pupil. The iris

measures half an inch across, and, in a state of rest, about one-fifth of

an inch from the circumference to the pupil. The anterior surface,

yariously coloured in different eyes, is marked by waved lines couTerging

towards the pupil, near which they join in a series of irregular eleva-

tions ; and, internal to these, other finer lines pass to the pupil. The
posterior surface is covered with dark pigment, and is marked by a

number of fiiie converging folds or thickenings prolonged from the

cihary processes.

Pig. 339. Fig. 340.

Fig. 339.

—

Injected blood-vessels op the choroid coat (from Sappey). 30
DIAMETERS.

1, one of the larger veins ; 2, small communicating vessels ; 3, branches dividing into

the smallest vessels.

Fig. 340.

—

Vessels of the choroid, ciliary processes, and iris of a child (Arnold)

Magnified 10 times.

a, capillary network of the posterior part of the choroid, ending at b, the ora serrata
;

c, arteries of the corona ciliaris, supplying the ciliary processes, d, and passing into the

iris, e
; /, the capillary network close to the pupillary margin of the iris.

The pupil is nearly circular in form, and is placed a little to the

inner side of the centre of the iris. It is constantly varying in size

during life, the variation ranging from a^th to ^rd of an inch, and
regulating the quantity of light admitted to the eyeball,

wider in young than in old persons.

It is habitually

STBUCTURE OF THE IRIS.

A delicate connective tissue forms the framework of the iris, and
pigment cells are scattered through the texture. It contains also

numerous vessels and nerves. The epithelial layer of the membrane of
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Descemet (fig. 332, 2) is continued from the margin of the cornea over

the front of the iris ; its cells are smaller and more granular than those

Avhich cover the membrane of Descemet, but are otherwise similar.

The stroma consists of cells and fibres of connective tissue, the latter

directed for the most part radially towards the pupil.

In the substance of the iris anteriorly and throughout its thickness

are variously-shaped ramified pigment cells like those in the choroid.

The pigment contained in them is yellow, or of lighter or darker shades

of brown, according to the colour of the eye. At the posterior surface

is a covering of dark pigment, the uvea of authors ; this is continuous

with the (retinal) pigmentary layer lining the ciliary processes, and here

consists of several strata of small roundish cells filled with black pigment-

granules. The colour of the iris depends on the pigment in the stroma-

cells ; in the diiferent shades of blue eye it arises from the black pigment
of the posterior surface appearing moi'e or less through the stroma,

which in such cases is only slightly coloured or is colourless ; but in the

black, brown, and grey eye, the colour is due to the pigment-cells

scattered through the substance of the stroma itself.

The muscular tissue is of the non-striated kind, and is disposed as

a ring {s])hincter) around the pupil, and as rays {dilatator) from the

sphincter to the circumference.

The siMndsr (fig. 341, a) is a narroAV band about -j^ of an inch

wide, situated close to the pupil posteriorly. Near the margin of the

Fig. 341. Fig. 341.—SEaMENT of the iris,

SEEN FROM THE POSTERIOR SUR-

FACE AFTER REMOVAL OP THE
UVEAL PIGMENT (Iwanoff).

a, sphincter nmscle ; h, dilatator

muscle of the pupil.

pupil the j&bres are close

together, but the outermost

fibres are more separated,

and form less complete

rings.

The dilatator (b), less

apparent than the sphincter,

begins at the ciliary or outer margin of the iris, and its fibres, forming
a continuous membrane close to the posterior surface, converge towards

the pupil. Here they bend round and blend with the sphincter, some
reaching nearly to its inner margin. At their origin at the ciliary

margin, they also arch round and take a somewhat circular direction.

Vessels of the iris.—The long ciliary arteries, two in number, jjierce

the sclerotic a little in advance, and one on each side, of the optic nerve.

Having gained, the interval between the sclerotic and choroid coats,

they extend horizontally forwards (figs. 337, 338, l, fig. 342, 1) covered

by loose connective tissue to the ciliary muscle. In this course they lie

nearly in the horizontal plane of the axis of the eye-ball, the outer vessel

being however a little above, and the inner one a little below the level of

that line. A little behind the attached margin of the iris, each vessel

divides into an upper and a lower branch, and these, anastomosing with

the corresponding vessels on the opposite side and with the anterior

ciliary, form a vascular ring {circulus major, fig. 338, p, fig. 342, 3) in this
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situation. From this circle small branches arise to supply the ciliary

muscle
;_
whilst others converge toAvards the pupil, and there, freely com-

municating by transverse offsets from one to another, form a second circle

of anastomosis {circulus minor), from which capillaries are continued
inwardly and end in small veins.

The anterior ciliary arteries (fig. 337, c, fig. 342, 2, 2), five or six in
number, but smaller than the vessels just described, are suppHed from
the muscular and lachrymal branches of the ophthalmic artery, and
pierce the sclerotic about yVtt of an inch behind the margin of the
cornea; they divide into branches which supply the cihary processes,

and join the circulus major.

Fig. 342.Fig. 342.

—

Front view op
THE BLOOD-VESSELS OP THE
CHOROID COAT AND IRIS

PKOJi BEFORE (Arnold).

MaQNIPIED 2-2" TIMES.

A, clioroid ; b, iris ; c, cili-

ary muscle ; 1, 1, long

ciliary arteries ; 2, 2, five of

the anterior ciliary arteries

ramifying at the outer margin
of the iris ; 3, looiJ of com-
munication between one of

the anterior and one of the

long ciliary arteries ; 4, inter-

nal circle and network of the

vessels of the iris ; 5, external

radial network of vessels.

Besides these special

arteries, numerous mi-

nute vessels enter the

iris from the ciliary

processes.

The veins of the iris follow closely the arrangement of the arteries

just described. The canal of Schlemm communicates with this system
of vessels.

Nerves of the choroid and iris.—The ciliary nerves (fig. 334),

about fifteen in number, and derived from the lenticular ganglion and
the nasal branch of the ophthalmic division of the fifth nerve, pierce

the sclerotic near the entrance of the optic nerve, and come immediately

into contact with the choroid. They are somewhat flattened in form, are

partly embedded in grooves on the inner surface of the sclerotic, and
conununicate occasionally with each other before supplying the cornea

and entering the ciliary muscle. When the sclerotic is careftilly separated

from the subjacent structiu-es, these nerves are seen lying on the surface

of the choroid, into which they send branches, and in which they form a

gangliated plexus amongst the blood-vessels, the groups of ganglion-cells

being often applied to the walls of the vessels. Within the ciliary muscle

the nerves also subdivide minutely, forming here another plexus, which
contains a number of medullated fibres, and the cells of which are

smaller. A few recurrent branches appear to pass back from it into the

choroid coat, but the greater number pass on to the iris (fig. 343, a, ct).

In the iris the nerves follow the course of the blood-vessels, dividing

into branches, which communicate with one another as far as the pupil,
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forming a close plexus of fine non-mecluUated fibres. Their ultimate

destination is probably the muscular tissue of the iris and of its

Fi?. 343. Fig. 343. — Distribution of

NERVES IN THE IKIS (Kollikcr).

50 Diameters.

Tlie preparation was from the

eye of an albino rabbit ; a, smaller

branches of the ciliary nerves

advancing from the choroid ; b,

loops of nnion between them at

the margin of the iris ; c, arches of

union in the iris ; c', finer network

in the inner part ; e, sphincter

pupillffi muscle.

THE EETIWA.

The retina is a delicate membrane, which contains the expanded
termination of the optic nerve. It lies within the choroid coat, and
rests on the hyoloid membrane of the vitreous humour. It extends

forwards nearly to the outer edge of the ciliary processes of the choroid,

where it ends in an indented border, named ora serrata. From this border

there is continued onwards a thin layer of a different structure and
containing no nerve-fibres, the ;paTS dliaris retincB, which reaches as far

Fig. 344. — The back of the
retina with the point of
entrance of the optic nerve
as seen with the ophthal-
MOSCOPE (E. Jaeger).

A, optic nerve, passing through
thelamina cribrosa, L, which shows
through the disk-like expansion of

the entering nerve ; a, ring of con-

nective tissue ; 6, choroidal ring ;

c, branches of the central artery of

the retina, g ; d, branches of the

central vein, h ; )), inner or nasal

side ; t, outer or temporal side.

as the tips of the ciliary

processes, and there gives

place to the uveal pigment,

which is continued on to

the posterior surface of the

iris. The thickness of the

retina diminishes from
behind forwards, from -Joth

to -^i\\ of an inch. In the fresh eye it is translucent and of a light

pink colour, but of a purj)le-red colour if carefully shaded from the

light for a little while before removal. Under the influence of sunlight

however it is quickly bleached and after death it soon becomes opaque.

Its outer surface is covered with a layer of hexagonal pigment-cells

which, as the study of the development of the parts shows, must be
regarded as belonging to the retina and not to the choroid, to which it

has usually been ascribed. Moreover the pigment-cells send fine offsets
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between the external retinal elements. '\Vlien the choroid is detached

these offsets are ruptured and the pigmentary layer comes away with it.

The inner sm-face of the retina is smooth : on it the following objects

may be seen. In the axis of the ball is a yellow spot

—

macula lutea (Umhis
luteus, Sommerring)—which is somewhat elliptical in shape (fig. 347, d),

and about -J^th of an inch in diameter : in the centre of this, again, is a

slight hollow, fovea centralis, and, as the retina is thinner here than else-

where, the pigmentary layer is clearly visible through it, giving rise to an
appearance as of a hole through the tunic. About ^Q-th of an inch

Fig. 345.

—

Skction through the middle op the optic nerve and the tunics op the
EYE AT THE PLACE OF ITS PASSAGE THROUGH THEM (altered from Ecker), s

a, arteria centralis retinae ; 6, fasciculi of optic nerve fibres ; c, dural sheatli of the optic

nerve, passing into c', the sclerotic coat ; c", juembrana fusca ; d, choroid ; e,f, layer of

rods and cones
; g, the nuclear layers ; li, layer of nerve-cells ; i, layer of nerve-fibres

;

Jc, coUiculus or eminence at the entrance of the optic nerve ; I, lamina cribrosa.

inside the yellow spot is the round disc, porus opticus (fig. 344, A ; fig.

347, a), where the optic nerve pierces the retina and expands to form
its inner layer. At this place the nervous substance is slightly elevated

so as to form an eminence (colliculus nervi optici) (fig. 345, k, k), and
in its centre is the point from which the vessels of the retina branch.

Wiieii examined during life by the aid of tlie ophthalmoscope, the optic disc

appears of a light grey tint, contrasting strongly with, the colour of the rest of

the field (see fig. 344).

MICBOSCOPIC STEUCTUEE OF THE EETINA.

When vertical sections of the retina, i.e., sections made perpendicu-

larly to its surface, are submitted to microscopic examination, eight

distinct strata are recognizable, together with certain fibrous structures

which pass vertically through the membrane and connect the several

layers.

The following are the designations of the layers, from within out-

wards
1. The layer of nerve-fibres (nerve-layer).

2. The layer of nerve-cells (ganglionic layer).

3. The inner molecular layer.

4. The inner nuclear layer.



410 THE EYE.

5. The outer molecular layer (internuclear).

6. The outer nuclear layer.

7. The layer of rods and cones (columnar layer).

8. Tlie layer of hexagonal pigment cells (pigmentary layer).

Kg. 346.

Outer or choroidal surface.

8. Layer of pigment cells.

7. Layer of rods and cones.

" • Membrana limitans externa.

6. Outer nuclear layer.

5. Outer molecular layer.

4. Inner nuclear layer.

3. Inner molecular layer.

Layer of nerve- cells.

1. Layer of nerve-fibres.

. Membrana limitans interna.

Inner surface.

Fig. 3-16.—DlAQEAMMATlO SECTION OP THE HUMAN RETINA (Scliultze).

In addition to these eight strata two very delicate membranes are

described—the one, memhrana limitans interna, bounding the retina on
its inner surface, next to the hyaloid membrane of the vitreous humour ;

the other, memirana limitans externa, lying between the outer nuclear

layer and the layer of rods and cones ; but, as will be afterwards

explained, these so-called " membranes " are merely the boundary lines

of the sustentacular tissue of the retina. The accompanying figm'e,

from Max Schultze, represents (somewhat diagrammatically) the general

arrangement and structm-e of the layers. The several layers of the

retina will first be considered successively as they are met with from
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within out, after which the sustentacular fibres or fibres of Miiller which

traverse several of the layers Tsall be described, and finally an account

will be given of those parts of the retina which present points of

difference from the rest, especially the central fovea, and the ciliary

part.

1. Layer of nerve-fibres.—The optic nerve (fig. 345, l h) passes at

the porus opticus directly through the thickness of the retina to reach its

inner surface, on which it spreads out in the form of a membrane (fig. 347)
AYhich extends to the ora serrata. Its fibres, which are destitute of a

primitive sheath and vary much in size but are mostly small, lose

their medullary sheath on reaching the retina, consisting there of

axis-cylinder only (Bowman). They are collected into small bundles,

which, compressed laterally, intercommunicate and form a delicate

web with narrow elongated meshes. At the yellow spot this layer is

almost w^anting (fig. 347, b), but elsewhere it forms a continuous stratum,

gradually diminishing in thickness in front, interrupted only by
the enlarged ends of the fibres of Miiller to be afterwards described

(fig. 346, 1). The nerve-bundles, as -well as the cells of the next layer.

Fig. 847.

-:4#>'

^ \
l'\U\\ » x'-^^S^' ^«s;^s^

Fig. 347.

—

Part op the layer op herve-fibres on the inner surpace op the retina

(Kolliker). Magnified.

a, colliculus opticus ; i, yellow spot ; c, d, bundles of nerve-fibres pa,ssing round

this ; e, e, bundles radiating in all directions from the point of entrance of the nerve.

are partially covered and supported by flattened cells like those met
with in the interstitial tissue of the nervous centres and probably

belonging to the connective tissue.

2, Ganglionic layer.—Immediately external to the nerve-fibre layer

is a stratum of nerve-cells (fig. 346, 2), of a spheroidal or pyriform

figure, and having in the fresh condition a pellucid aspect. Each cell

has a single unbranched process extending obliquely from its rounded

inner extremity amongst the fibres of the preceding layer, Avith one of

which it is no doubt continuous. From the opposite end of the cell,

which is fi'equently imbedded in the granular substance of the succeeding

layer, one or more much thicker processes extend outwards for a variable

distance into that stratum, and after branching dichotomously once or

twice become lost in its substance. The number of nerve-cells and
consequently the thickness of the ganglionic layer in the different

regions of the retina varies exceedingly. Over the greater part of the

retina they form' a single stratum, but in the neighbourhood of the



412 THE EYE.

yellow spot they are placed two or three deep. At the spot itself

(fig. 355, 2) they are very thickly set (from eight to ten deep) ; the cells

are also much smaller here, and are bipolar. Towards the ora serrata,

on the other hand, there is but a single stratum, and that frequently

incomplete.

3. Innermolecular layer.—Next in order to the ganglionic layer comes
a comparatively thick stratum of a granular-looking substfince, which in

the hardened retina exhibits, under high powers of the microscope, the

appearance of a network or spongework of fine homogeneous trabeculge with
reticulated interstices, occupied probably by lymph (Retzius). The sub-

stance presents both in the fresh and hardened condition a considerable

resistance to the action of chemical re-agents. The fibres of Miiller pass

through this layer without being directly connected with its substance
;

the offsets of the ganghon-cells can also be traced into it for a greater

or less distance ; and, lastly, the fine, varicose central processes of the

nuclear bodies of the layer next to be described can be followed a short

distance into it (fig. 350), passing in the direction of the ganglionic

and nervous layers. Flattened cells, similar to those noticed in the

nerve-fibre and ganglionic layers, are also said to occur in the inner

molecular layer, especially on its surfaces (G-olgi and Manfredi).

4. Inner nuclear layer.—This is mainly composed of a number
of characteristic transparent nucleus-like bodies, which are frequently

known collectively as the " inner granules," but are of three or four

distinct kinds. Those of the first kind, by far the most numerous
(fig. 350,4), are round or oval clear bipolar cells, prolonged at either end
into a delicate fibre, the cell being almost entirely occupied by a nucleus

of corresponding shape, with a distinct nucleolus. These last (the

nucleus and nucleolus) resemble very closely the analogous structures

found in ganglion-cells, and indeed the bodies in question are commonly
regarded as nerve-cells, but with the protoplasm of the cell very small in

amount, devoid of granules, and principally collected at either end of the

nucleus.

Of the processes or fibres which proceed from these cells, the inner

one, or that extending into the inner molecular layer towards the gan-

glionic and nerve-fibre layers, is finer than the other, is always unbranched,

and generally exhibits minute varicosities similar to those on the ultimate

fibrils of the nerves. A direct connection of these inner processes with

the outwardly extending branches of the large nerve-cells of the gan-

glionic layer has not been completely substantiated ; but it is considered

probable that some of them may be so connected, while others may pass

directly to the nerve-layer and there become continued into a nerve-

fibre. The outer prolongation or process of the bipolar cell is not

varicose, is thicker than the inner one, and in some cases passes

undivided into the next layer, in others divides into branches either

in this or before reaching it. The further destination of this process

will be afterwards referred to.

The relative length, of the inner and outer process natm-ally differs according

to the position of the individual cell in the nuclear layer ; if the cell is near the

inner molecular layer the outer process will have a longer course to reach the
outer molecular layer, and, conversely, if the cell is near the latter ; in almost
all cases, however, the inner process is the longer of the two, extendtag, as

before mentioned, for some distance into the contiguous molecular layer. At
the macula lutea these processes or fibres of the inner nuclear layer have a
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markedly oblique direction, in other parts of the retina they run vertically

towards the surfaces.

The second kind of " inner granule " is entirely different from those

jnst described. The cells are devoid of processes, and are more proto-

plasmic ; they are exclusiyely collected at the innermost part of the

inner nnclear layer, where in man they form a nearly complete stratum

(Yintschgau), and they perhaps bear some relationship to the inner mo-
lecular layer, but further investigations are required as to their nature.

The same remark will apply to certain other cells which constitute a third

well-marked variety of the inner granules, and which occur here and there

in the outermod part of the layer. They are distinguished from the ordi-

nary " inner granules " by their rounded form and larger size, and also,

according to W. Ivrause, in possessing only one process—an inner one

—which he regards as a terminal nerve-fibre.

Finally the fibres of Miiller, as they traverse this layer, are connected

with oval nuclei which more especially belong to those fibres and will be

described with them.

5. Outer molecular layer.—The outer molecular layer is much
thinner than the inner, but otherwise presents, in vertical sections of

hardened retina, a similar granular appearance, with a few scattered

nuclei in its substance, and in which, in the human retina and in that of

most mammals, it is difficult to make out any definite structure. In the

horse's retina, however, as Rivolta and others have shown, it is possible

in properly prepared and isolated portions of the layer to ascertain the

existence within it of flattened, irregular or stellate, finely branched,

delicately granular cells to which the nuclei in question belong

Fig. 348. — Branched Fig. 348.

CELLS TiVITH THE UNITING

FELTWORK OF FIBRES

FROM THE OUTER MO-

LECULAR LATER OF

THE horse's RETINA
(Schwalbe). Highly
MAGNIFIED.

(fig. 348). The cell-

ofFsets, which are ex-

ceedingly fine, form
by repeated branch-

ing and union a close

network or feltwork

throughout the layer,

the substance ofwhich
is in this way formed

by them. The nuclei of the cells are clear and distinct, each with a

comparatively large nucleolus ; the fine fibres of the network are stated

by Grolgi and Manfredi to exhibit varicosities like nerve-fibrils, but accord-

ing to Schwalbe the varicose fibrils in all probability do not actually form

part of the network, but are intercalated in its meshes. It is, therefore,

uncertain whether these cells are to be regarded as of a nervous nature

themselves or merely as supporting structures for the true nervous

elements. There is little doubt that a similar structure exists in

mammalia generally.

This layer receives the outwardly directed processes of the bipolar
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inner granules, and these probably become connected within it to fibres

from the rods and cones.

The layers hitherto described contain structures (cells and fibres) which are un-
doubtedly of nervous nature, and which appear to be developed in the same
manner as corresponding structures in the brain. The two next to be described

are of epithelial nature, and constitute collectively what is sometimes kno\\Ti as

the nerve-epithelium of the retina, in contradistinction to the more strictly

nervous or cerebral part. The two layers (outer nuclear and columnar) are

morphologically but one, being composed of long cells, which extend through
both layers. Each cell is drawn out into a fibre, and furnished with a nucleus
in its inner portion, (rod- or cone-fibre and its outer granule), and is peculiarly

modified both in shape and structure in its external portion (rod or cone
proper).

6. Outer unclear layer.—This (figs, 346, 350, 6) resembles very

closely at first sight the inner nuclear layer, appearing, like that, to con-

sist of several strata of clear, oval or elliptical, nuclear corpuscles (outer

granules), from the ends of which delicate fibres are prolonged. These
outer granules differ, however, essentially from the inner granules, and
may be readily distinguished from them. They are of two kinds, which
present well-marked difierences, and are known respectively as the rod-

granules and cone-granules, accordingly as they are connected with the

rods or with the cones of the next retinal layer. Those which are con-

nected with the rods are, in most parts of the retina, by far the more
numerous, and form the main thickness of the outer nuclear layer. They
may be regarded as enlargements or swellings in the course of delicate

Fiff. 349. Fig. 349.—CoNisrECTioN of inner granules with
A BASE OF CONE-FIBRES (after Grunn). Highly mag-
KIFIED.

c, cone ; w, cone-nucleus
; /, cone-fibre

; /, its

base
;
gr, inner granule ; oin, outer molecular layer.

The left hand figure indicates a probable connection

between the base of a cone-fibre and an inner granule

on the one hand ; and on the other between the

same inner granule and a process of a nerve-cell n
;

ini, inner molecular layer.

fibres (rod-fibres), which extend from the

inner ends of the rods at the membrana
limitans externa through the thickness of

this layer to the outer molecular layer. The
enlargements, of which there is but one to

a fibre, situate at any part of its course,

are each occupied by an ehiptical nucleus,

and, in the fresh condition, exhibit a re-

markable cross-striped appearance (Henle), the strongly refracting

substance which mainly composes the enlargement being interrupted

by bands or disks of a clearer less refi'acting material, usually two in

number, one on each side of the middle line (fig. 350), but occa-

sionally single and median (see the left-hand one in fig. 350). The
rod-fibres are of extreme fineness, and exhibit minute varicosities

in their course : each is directly continuous at the outer end

with one of the rods, but at the inner end appears usually to terminate

in a somewhat larger varicosity, from Avhich one or more fine fibrils may
be traced extending into the substance of the outer molecular layer.

IM
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These are probably connected with the processes of the inner granules,

but the connection has not been satisfactorily proved.

Fig. 350.

—

The nervous and epithe- ^^S- 350.

LIAL ELEMENTS OF THE RETINA (SEMI-

DiAGRAMJiATic). After Scliwalbe.

The numbers are the same as in fig. 346.

The extent of the molecular layers is

indicated merely by linear shading.

7
Those outer granules which are

connected with the cones are, in

most parts of the retina, much
fewer in number than the rod-

granules, from which they are

distinguished by their shape,

which is somewhat pyriform, by
the absence of transveii^e striation,

and by their position—for they (

occupy the part of the outer nu-

clear layer nearest the membrana
limitans externa, and the larger

end of each is thus in close proxi-

mity to the base of the correspond-

ing cone (fig. 349), with which it
^

is directly connected, or there is at

most a short, comparatively thick

stalk uniting the two (see fig. 350).

At the macula lutea, however,

where only cone-granules are met
with, many of them are further

removed irom the limiting mem-
brane, and the stalk is then longer

and more attenuated. The nucleus

of each, which, as in the case

of the rod-granules, occupies

almost all the enlargement, con-

tains a distinct nucleolus. The
cone-fibre is very much thicker ^

than the rod-fibre above de-

scribed, and may itself appear
finely striated or fibrillated. It

passes from the smaller end of the

pear-shaped enlargement straight

through the outer nuclear layer

to reach the outer molecular layer,

upon which it rests by a some-
what pyramidal base, from the

edges of which fine processes i
may be traced into the substance
of the molecular layer ; one at

least of these processes has been shown by Gunn to be continuous with the
outer or peripheral process of an inner granule (fig. 349). According to
Merkel the processes abut against one another without being continuous.
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7. The layer of rods and cones. The elements which compose
this layer are, as their name implies, of two kinds, those of the

one kind—the rods—having an elongated cylindrical form ; the cones

on the other hand being shorter, much thicker, bulged at the inner

end or base, and terminated externally by a finer tapering portion.

Both rods and cones are closely set in a palisade-like manner over the

whole extent of the retina between the membrana limitans externa and
the pigmentary layer (fig. 346, 7). Except at the macula lutea, where
only cones are met with, the rods far exceed the cones in number. Their

relative number and arrangement is well exhibited when the layer is

viewed from the outer surface, as in fig. 351, where a represents a portion

of the layer from the macula lutea ; b, from the immediate neighbour-

hood of the latter ; and c, from the peripheral part of the retina.

Fig. 351.

Fig. 352. Fig. 352.—A kod and a cone pkoji

THE HUMAN RETINA (Max Schultze).

Highly magnified.

In the rod the longitudinal striation

of both the outer and inner segments is

shown ; in the cone the transverse stria-

tion of the outer segment and the longi-

tudinal of the inner segment ; I, limitans

externa.

The rods and the cones, al-

though differing thus in shape
and size, agree in many points of
structure. Thus, each consists

of two distinct segments— an
inner and an outer ; the division

between the two occurring, in the

case of the rods, about the middle
of their length (in man) ; in the

cones at the junction of the finer

tapering end-piece with the basal

part ; consequently, the outer and
inner segments of the rods are

nearly similar in size and shape,

the inner being, however, slightly

bulged, whereas the inner segment
of each cone far exceeds the outer

one in size, the latter appearing
merely as an appendage of the

inner segment (fig. 352). The two segments both of the rods and cones

exhibit well-marked dififerences, both in their chemical and optical

characters, as well as in the structural appearances which may be observed

in them. Tiius, while in both the outer segment is doubly refracting

in its action upon light, the inner is, on the contrary, singly refracting :

the inner becomes stained by carmine, iodine, and other colouring

fluids, whilst the outer remains uncoloured by these reagents, but is

stained darkly by osmic acid. The outer segment in both shows
a tendency to break up into a number of minute superimposed disks

whereas the inner segment is itselfagain distinguishable into two parts

—

an outer part, composed, according to Max Schultze, of fine fibrils, and
an inner part, homogeneous, or finely granular, and, at the membrana

Fig. 351.—Outer sxtr-

PACE OF THE COLrMNAR
LAYER OP THE RETINA
(Kolliker). 350 dia-

meters.

a, part within the
macula lutea, where only-

cones are present ; h,

part near the macula,
where a single row of rods

intervenes between the

cones ; c, from a part of

the retina midway between
the macula and the ora

serrata, showing the pre-

ponderance of the rods.
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limitans externa, directly continued into a rod or cone-fibre, the dis-

position of which in the outer nuclear layer has been ah'eady described.

In the outer segments of the rods there can be detected by the aid of a powerful
microscope, besides a delicate transverse striation (fig. 350), corresponding to the

superposed disks of which, as above mentioned, they appear composed, also fine

longitudinal markings which are due to slight linear grooves by which they are

marked in their whole extent. The ends of the segments are rounded and project

into the pigmentary layer. The purplish-red colour of the retina before mentioned

(p. 408), resides entirely in the outer segments of the rods (Boll, Kiihne). A few of

the rods are, however, of a green colour. The outer segments of the co7ies taper

gradually to a blunt point, and do not exhibit superficial groovings, but the

transverse markings are somewhat more evident than in the rods (fig. 352),

although the separation into disks does not take place so readily as in the latter.

This has been accounted for by supposing the existence of an extremely delicate

membrane covering the whole of the outer segment of the cones. From their

behaviour to staining reagents and the readiness with which they become altered

after removal from the body, it has been conjectured that the substance of the

inner segment is of a similar nature to the myelin of the medullary sheath of

nerve-fibres.

In the inner segments, the proportion which the fibrillated part bears to the

homogeneous basal part differs in the rods and cones. In the rods the fibrils

usually occupy only the outer third of the inner segment (fig. 350), ceasing

abruptly at its junction with the middle third ; in the cones, on the other hand,

they occupy about the outer two-thirds of the segment, only the part nearest

the membrana limitans remaining free from fibrils. The fibrils in question are

for the most part straight and parallel, and strongly refracting. Sometimes, in

the cones, instead of this outer i)art of the inner segment appearing fibrillated, it

appears homogeneous, but is nevertheless well mai'ked ofE from the inner part by
its strong refractivity. This condition of a part of the inner segment of the cones

is much better marked in most of the lower vertebrata, where there occurs a dis-

tinct strongly refracting body, situated in the middle or outer part of the segment,

and known from its shape as the "ellipsoid." Moreover, in these animals, the

fibrils are absent from the inner segments of the rods also, a peculiar, strongly re-

fracting, " lenticular " body being met with at their outer part, corresponding to

the ellipsoid of the cones. Further, in birds, reptiles, and amphibia, there is found
in the extreme outer part of the inner segment of each cone a minute globular

body, apparently of a fatty nature, which in some is clear and colourless, but in

many cones is brightly-coloured of a tint varying in different cones from red

to green—red and yellow being the most common. Blue and violet are not

met with, but by the action of iodine the colours of all become changed to blue.

Sometimes the whole inner segment is found to be slightly tinted of the same
coloiu- as the " oil-globule." In all vertebrates below mammals, double- or twin-

cones are here and there met with, which resemble two cones joined near their

base, but separate and distinct towards their apex. Numerous other differences

and peculiarities are found in animals : thus in birds the cones are more nume-
rous than the rods ; in many reptiles only cones are met with ; while in some
fishes (sharks and rays), in most nocturnal mammals, and in the owl, the cones

are either altogether absent or are but few and rudimentary.

8. The pigmentary layer.—This layer, which bounds the retina

externally, and was formerly described with the choroid coat, con-

sists of a single stratum of hexagonal epithelium cells separated from
one another by a perceptible amount of clear intercellular substance

(fig. 353). The outer surface of each cell—that which is turned

towards the choroid—is smooth and flattened, or slightly convex, and
the part of the cell near this surface is devoid of pigment, and contains

the nucleus ; the inner boundary, on the other hand, is not well marked,
for the substance, of the cell, which here is loaded with pigment, is pro-

VOL. II. Ij; E
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longed into fine, straight, filamentous processes (fig. 353, l), which extend
for a certain distance between and amongst the outer segments of the

rods and cones—indeed the outer parts of the rods may be said to be
altogether embedded in the pigment-cells (c).

Fig. 353.

Fig. 353.—PiailENTBD EPITHELIUM OF THE HUMAN RETINA (Max .Schultze). HiGHLT
MAGNIFIED.

a, cells seen fi-om the outer surface with clear lines of intercellular substance between
;

6, two cells seen in profile with fine oflTsets extending inwards ; c, a cell still in connec-

tion with the outer ends of the rods.

The pigment granules, many of which are in the form of minute crystals, are

placed for the most part, both in the cells and cell-processes, with their long
axes at right angles to the surface of the retina. The distribution of the pig-

ment granules within the cells varies during life and immediately after removal
of the eye, according as the retina has been shaded from the light or exposed to

its influence. In the former case the pigment is mainly accumulated in the

body of the cell (or at least its inner zone), and is withdrawn to a great extent

from between the rods ; but after exposure to light, a large amount of pigment
is found between the rods, and some of the granules may even extend as far as

the external limiting membrane. The pigment appears to have the function

of renewing the colour (visual purple) of the outer segments of the rods after

these have become bleached from exposure to the light. This renewal of the

colour will take place for a short time after the death of the animal, or the

excision of the eye (Kiihne).

In some animals coloured oil-droplets occur in the non-pigmented portion of

the cell^.

The intervals between the rods and cones are only partially filled by the

processes of the hexagonal pigment-cells ; the remaining ijart api^ears to be
occupied by a clear substance, which, according to Henle and H. Miiller, is of a
soft elastic consistence during life and in the fresh condition, but soon liquefies

after death ; but according to Schwalbe, is normally liquid. In the embryo,
between the hexagonal pigment and the remainder of the retina, there is a distinct

cleft filled with fluid (remains of cavity of primary optic vesicle).

The stistentacular tissue of the retina : Miillerian or radial
fibres.—In addition to the elements which belong specially to the layers

a,boTe described, there are certain other structures which are common to

nearly all the layers, passing through the thickness of the retina from the

inner almost to the outer surface, and, if not actually of the natm'e of con-

nective tissue, at least serving the same kind of purpose, namely, to bind to-

gether and support the more delicate nervous structures of the membrane.
These sustentacular fibres orfibres of Miiller (fig. 354), commence at the

inner surface of the retina by a broad conical hollow base or foot, which is

filled by granular substance, and often contains a nucleus-like body. The
bases of adjoining fibres are united together at their edges, so as to

give, in vertical sections of the retina, the ajjpearance of a distinct
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boundary line (fig. 346) ; this has been named membrana limUans in-

terna, but, as may be inferred from the above description, it is in no way
a continuous or independent membrane. The Miillerian fibres pass

through the nerve- and ganglionic layers, either with a smooth contour,

or with but two or three well-marked lateral projections fi'om which fine

lamellar processes extend amongst the elements of these layers : gradu-

ally diminishing in size they then traverse the inner molecular layer,

without, according to Schwalbe, becoming actually connected with the

substance which mainly composes it, although in the mammalian retina

the fibres may be marked by slight projections in passing through this

Fig. 351. A FIBRE OF MTJLLER FROM THE HUMAN RETINA,

ISOLATED (from Henle). ~^
i, base of tlie fibre ; n, its nucleus ; m.e.l, membrana limi-

tans externa ; e.ni.l, external molecular layer.

Fig. 354.

m.c.l.

C. 911.7. ^

layer. In the inner nuclear layer they again give

otf delicate flattened processes from their sides,

which pass round the inner granules and serve

to support them. Moreover, each Miillerian fibre

is here characterised by the presence of a clear

oval or elliptical nucleus (already mentioned in the

description of the inner nuclear layer), containing

a nucleolus, and situated at one side of, and in

close adherence to the fibre to which it belongs (fig.

354, «). On reaching the outer nuclear layer (after

passing through the outer molecular) the fibres of

Miiller break up into fibrils and thin lamella, and
in this form they pass outwards through the layer,

between the outer granules and the rod and cone-

fibres, more or less enclosing these structures, filling

up the intervals between the granules and forming
partial sheaths for them. At the level of the

bases or central ends of the cones and rods, the

numerous offsets terminate along a definite line

which marks the boundary between the outer

nuclear layer and the layer of rods and cones, and
has been termed membrmia limitans externa. This
also, like the in. I. interna, is in no way a continuous

membrane, nor is it isolable from the Miillerian

fibres ; indeed, numerous fine fibrillar offsets of
these pass a short distance beyond the so-called

limiting membrane, and closely invest the bases of

the inner segments of the rods and cones. Accord-
ing to some accounts a delicate membrane prolonged
from the limitans externa completely invests each
cone and rod.

The Miillerian fibres exhibit a fine striation.

They swell up and become indistinct on treatment
with acetic acid and dilute alkalies, but much more
slowly than connective tissue fibrils ; moreover,
they are not dissolved by boiling in water. They are much less developed
in the central and posterior part of the retina than in the peripheral and
anterior part ; towards the ora serrata they are very distinct and closely set.

E E 2
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Structure of the macula lutea and fovea centralis (fig. 355).

—

The peculiarities in structure which these present have been for the most
part incidentally noticed in the preceding description of the retinal

layers. In the fovea no rods are met with, and the cones are much
longer and narrower than elsewhere. All the other layers are much
thinned, but towards the margin of the fovea they rapidly increase in
thickness, and in the rest of the macula lutea most of them are thicker
than at any other part of the retina. The ganglionic layer (fig. 355, 2)
is especially thickened, the cells being from six to eight deep, bipolar
and placed rather obliquely. The nerve-fibre layer (1) gradually thins
towards the edge of the fovea as the fibres dip in to join the central
ends of the bipolar ganglion-cells. The peripheral process of each

Fi<j. 355.

fovea centralis

Fig. 355.

—

Vertical section through the macula lutea and fovea centralis j

DIAGRAMMATIC (after Max Schultze).

1, nerve-layer ; 2, ganglionic layer ; 3, inner molecular ; 4, inner nuclear ; and 5,

outer molecular layers ; 6, outer nuclear layer, the inner part with only cone-fibres form-

ing the so-called external fibrous layer ; 7, cones and rods.

ganglion-cell is said to bifurcate, each branch becoming connected with
a granule of the inner nuclear layer (Merkel). Th& inner granules are

also somewhat obliquely 'disposed, are large, and near the bottom of the

fovea, where this layer and that of the nerve-cells run together, they can
hardly be diflFerentiated (Hulke). The outer nuclear layer (G) is

occupied in the greater part of its thickness by the very long and
obliquely disposed cone-fibres ; the nuclei are only two or three deep, and
take up a comparatively small portion of the layer.

The yellow tint of the macula is deepest towards the centre : it is due
to a diffuse colouring matter which is seated in the interstices between
the elements of the four or five inner layers.

Structure of the ora serrata and pars ciliaris.—At the ora

serrata the numerous complex layers of the retina for the most part

disappear, and in front of the ora serrata, the retina is represented

merely by a single stratum of elongated columnar cells with the pig-

mentary layer external to it {pars ciliaris). The transition is, in man,
somewhat abrupt, all the changes being met within a zone of about -^
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of an inch only in breadth. The layer of rods and cones (fig. 356,^) first

disappears, the cones continuing rather farther than the rods, but soon

ceasing ; the nerve- and ganglionic layers, which were aheady very thin

and incomplete, cease altogether at the ora, the inner molecular layer (c),

which is now largely occupied by Miillerian fibres, retains its thickness

up to a certain point, and then abruptly terminates (a'), while the nuclear

layers, outer and inner, (/, d), here become merged into a single stratum,

which appears to be continuous with the columnar cells of the pars

ciliaris. These cells (fig. 356, vi), Avhich are at first of considerable

Fig. 356.

—

Vertical section

THROUGH THE CHOROID AND
RETINA NEAR THE ORA SER-

RATA (Kolliker). 60 dia-

meters.

a, hyaloid membrane ; b,

limiting membrane and ner-

vous layer of the retina ; c,

ganglionic and inner molecular

layers with closely set Miille-

rian fibres ; d, inner nuclear

;

£, outer molecular
; f, outer

nuclear layer ; g, columnar

layer ; h, pigment ; i, k, cho-

roid ; I, part of one of the

ciliary processes ; m, pars cili-

aris of the retina. (The recess

shown at a" is not constant.

)

Fig. 356.

^|lt»«»-

length, become gradually shorter anteriorly ; they are finely striated

(fig. 357, 2), and each cell has a clear oval nucleus at the outer part of

the cell, near the pigmentary layer. The inner end may be rounded,

Fig. 357. A SSIALL PORTION OP THE CILIARY Fig. 357.

PART OP THE RETINA (Kolllker). 350 DIA-

METERS.

A, human ; B, from the ox ; 1, pigment-cells
;

2, cells forming the pars ciliaris.

pointed, square, or even branched ; the

sides of the cells, too, are sometimes
uneven.

These cells are considered by Kolliker

to correspond with the Miillerian fibres

of the retina, but according to Schwalbe
the Miillerian fibres, or rather their

united inner ends, are represented by
a delicate membrane, which covers the inner ends of the columnar cells

and sends fine offsets around and between them.

Vessels of the Retina.—A single artery {arteria centralis retinm)

passes between the bundles of fibres of the optic nerve to the inner

sm-face of the retina at the middle of the papilla optici (fig. 345, a). It

is accompanied by the corresponding vein and soon divides into branches
(fig. 3-44), usually two, one above, the other below, each of these again
dividing into two branches which arch out towards the sides ; the outer

ones are somewhat the larger, and as they bend round the macula lutea

they send numerous fine branches into it which end at the margin of the
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fovea centralis in capillary loops. The main branches of the vessels pass

forwards in the nerve-fibre and ganglionic layers, dividing dichotomously

as they proceed, and giving off fine offsets to the substance of the retina,

where they form two capillary networks, the one in the nerve- and gang-
lionic layer, the other in the inner nuclear layer. The capillaries of the

former are mainly connected with the arteries, and those of the latter v,dth

the veins, the communication between the two networks being effected

by vertically and obliquely coursing capillaries which traverse the inner

molecular layer. JSTo vessels penetrate the outer molecular layer (His,

Hesse), so that the outer retinal layers are entirely destitute of blood-

vessels.

The vascular system of the retina is nowhere in direct communication with the
choroidal vessels. Near the entrance of the optic nerve, however, it comes into

communication with some offsets from the sclerotic coat, and the choroidal vessels

also send branches to join the long-meshed network in the optic nerve furnished

by the central artery. The arteries of the retina have the usual coats, but the

veins resemble capillaries in structure, their walls consisting of a single layer of

epithelial cells without any muscular tissue. Outside the epithelial layer is a
space (perivascular lymphatic, His) both in the veins and capillaries, bounded
externally by a second epithelial layer (forming the wall of the lymphatic). Out-
side this again is found, in the case of the veins, a layer composed of a peculiar

retifoi-m tissue. These perivascular lymphatics are in communication with the
lymphatics of the optic nerve, and may be filled by injecting coloured fluid

under the sheath which that nerve derives from the pia mater. Other lymph-
spaces also become injected by the same process, viz., the interstices between the

nerve-bundles which radiate from the papilla optici, the capillary space between
the limitans interna and the hyaloid membrane of the vitreous humour, and
finally even the irregular interstice between the pigmentary layer and the layer

of rods and cones (Schwalbe).

THE VITREOUS BODY.

The vitreous body occupies the greater portion of the eyeball. It is

quite pellucid in aspect, and of a soft gelatinous consistence. Sub-
globular in form, it fills about four-fifths of the ball, and serves as a

support for the delicate retina, but it may be readily separated from the

latter, except behind, at the entrance of the optic nerve, where the

connection is closer, the retinal vessels having here entered it in

foetal life. At the fore part it is hollowed out for the reception of the

lens and its capsule, to which its substance is closely adherent.

The surface of the vitreous humour is covered everywhere except in

front by a thin glassy membrane, named hyaloid, which lies between
it and the retina. No vessels enter the vitreous humour in the adult,

and its nutrition must, therefore, be dependent on the surrounding

vascular structures, viz., the retina and the ciliary processes.

Although in the fresh state apparently stnactm'eless, or at least presenting

rmder the microscope but faint traces of structural elements—the so-called

corpuscles of the vitreous humour to which we shall immediately recur,—yet in

preparations hardened in weak chromic acid, or acted upon in certain other ways,

it is possible to make out a more or less distinct lamellation of the vitreous body,

especially in its peripheral part, that, namely, nearest the retina ; which part in

the human eye has a somewhat firmer consistence than the more central portion.

From the appearances (fig. 358) which have been obtained by such modes of

preparation it has been conjectured by various observers that at least in this

part the vitreous substance is divided into compartments by a number of deli-

cate membranes arranged concentrically and parallel to the surface ; but the
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existence of such membranous partitions has not been conclusively demonstrated.

That, howcA'er, the vitreous substance does in some way consist of a iu-mer

material—whether or not ra the shape of continuous membranes—enclosing in

its meshes the more fluid portion, is shown by the fact that if either the whole or

a piece of the vitreous humour be thrown upon a filter, a small proportion always

remains upon the latter ; although by far the larger part di-ains away, and may
be collected as a clear watery fluid.

Fig. 358.

Fig. 358.—Houizoi^TAL section of the

horse's eye, hardened in chromic

ACID (after Hannover).

The vitreous humour appears concen-

trically and merit! ionally striated through-

out its -whole deiDtli.

In addition to the above-mentioned

concentric striation, a radial marking

has also been obsei'ved in sections

of vitreous humour made trans-

versely to the axis of the eyeball

(fig. 359), but whether there is any
}ire-existent structure to account for

the appearance is not known. It is

conceivable that these appearances

may be merely produced by the manner in which the albuminous substance has

undergone coagulation by the reagent employed.

HoTTever this may be, there exists, nearly but not quite in the axis of

the eye, a definite structure in the shape of a distinct canal, about a twelfth

of an inch in diameter, filled with fluid and extending from the -painTla

optici to the back of the lens-capsule, where it apparently terminates

blindly. This is the canalis hjaloideus or ccmal of StiUing. It is best

shown in the fresh eye, and may be also injected by forcing a coloured

solution under the pia-matral sheath of the optic nerve (Schwalbe).

The canal widens somewhat towards its posterior part : its wall is

composed of an extremely delicate homogeneous membrane. It repre-

sents the place of passage of an offset from the central artery of the

retina to the capsule of the lens in the foetus.

Fig. 359.

—

Transverse section op human eye, hardened
IN chromic acid, showing kadial striation of the
VITREOUS BODY (after Hannover).

FiK. 359.

Scattered about throughout the substance of

the vitreous humour are a variable number of

corpuscles, for the most part possessed of amoeboid
movement. Some of these cells are remarkable for

the very large vacuoles which they contain, and
which distend the body of the corpuscle, pushing
the nucleus to one side ; the cell-processes are often peculiar in possessing

numerous little secondary bud-like swellings, or they may present a
varicose appearance, like strings of pearls.

The hyaloid membrane invests, as before mentioned, the whole of
the vitreous humour, except in front, where the membrane passes

forwards to the anterior part of the margin of the lens, becoming also

firmer in consistence and distinctly fibrous in structure. This portion
of the hyaloid is known as the zonula of Zinn, or sonula ciliaris. It is
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also known as the suspensorij ligament of the lens (fig. 360, z). The
posterior part, or hyaloid proper, is exceedingly thin and delicate, and is

readily thrown into folds when detached. Under the microscope it

presents no appearance of structure : but, flattened against its inner

surface are generally to be seen a number of granular nucleated

corpuscles, which exhibit amoeboid movements : they appear to be
migrated white blood corpuscles. The ciliary part or commencing
zonula, on the other hand, presents radiating meridional fibres, stiff in

appearance but possessed of considerable elasticity ; they commence about

opposite the ora serrata, and strengthen this portion of the hyaloid

membrane. From the ciliary processes the zonula is continued as a

distinct membrane to the front of the lens, to the capsule of which
it is anteriorly firmly attached. But in addition to this anterior

membranous prolongation of the hyaloid membrane, other of its

fibres, more scattered in their disposition, pass across to the periphery

of the lens, some being attached to the extreme edge, others passing

into continuity Avith the posterior capsule, and others again occupying

intermediate positions (fig. 360, F). The interstices of these suspensory/

aires of the lens are occupied dming life by fluid, or perhaps in part by

Fig. 360.

Cli-

Fig. 360.—Skctional view of the connections op the coenea. sclerotic, ibis,

CIIIAEY MUSCLE, CILIARY PROCESSES, HYALOID MEMBRANE AND LENS (AUcil TllomSOn). |

Tlie specimen extends from the middle of the lens to the ora serrata on the inner side

of the right eye. (7, cornea; cs, conjunctiva; cc, epithelium of tbe cornea ;
fZjJ, pos-

terior elastic laj'cr ; below le, ligamentum pectinatum iridis ;
^', sclerotic ; ^ ,

the aqueous

chamber ; ap, the recess forming the posterior division of the aqueous chamber ;
Sv

,

canal of Schlemm ; ir, iris; io, divided fibres of the sphincter muscle ; u, pigment layer

or uvea ; l-n, centre of the crystalline lens ; Ic, capsule of the lens ; Ice, epithelium of

the lens ; cir, radiating ciliary muscle ; do, divided annular fibres ;
cfp,^ ciliary process;

Ch, choroid ; S, retina ; o, ora serrata ; re, the ciliaiy part of the retnia ;
h, ^lyaloid

membrane ; Z, zonule of Zinn ; P, some of its fibres spreading out to become attached

to the capsule of the lens; am, anterior margin of the vitreous humour, T".
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the vitreous humour ; but after death they may be distended with air : if

this be done after removal of the anterior parts which support and enclose

it, the folds of the suspensory ligament, which correspond with the emi-

nences and depressions of the ciliary processes, are distended, and the ap-

pearance of a sacculated canal {canal of Petit), encircling the lens, is

produced as in fig. 361.

According to the account usually given, the hyaloid membrane divides

in front into two layers ; an anterior, continued for^^'ards as the zonule

of Zinn, and a posterior, passing behind the lens ; the canal of Petit

being contained between them. The above description is based upon a

renewed original investigation into the relations of the structures which
support the lens, and is confirmatory of the statements of Merkel, Henle,

Brailey, and others, and opposed to those of IwanofP.

Fia 361. YiEW FROM BEFORE OF THE CANAL OF PeTIT INFLATED
(from Sappey).

Fig. 361.

The anterior parts of the sclerotic, choroid, iris and cornea

having been removed, the remaining X3arts are viewed from
before, and the canal of Petit has been inflated with air

through an artificial opening. 1, front of the lens ; 2,

vitreous body ; 3, outer border of the canal of Petit ; 4, outer

part of the zonule of Zinn ; 5, aioi^earance of sacculated

dilatations of the canal of Petit.

THE IjEK-S.

The lens {lens crystallina) is a transparent solid body, of a doubly
convex shape, with the circumference rounded off. It is completely

enclosed by a transparent elastic membrane known as the capsule of
the lens. The anterior smface is in contact with the iris towards the

pupil, receding fi-om it slightly at the circumference ; the posterior is

Fig. 362.

—

The lens viewed from its lateral Fig. 362.
ASPECT (after Arnold.

) |

c., anterior; ^), posterior pole. The direction

of the superficial fibres is indicated by the
curved lines.

embedded in the vitreous humour.
Around the circumference is the zonula.

Its convexity is not alike on the two a

surfaces, being greater behind ; more-
over, the curvature is less at the centre

than towards the margin. When in

its natural position it measures about
^rd of an inch across, and ith from
before backwards. In a fresh lens,

divested of its capsule, the outer portion
is soft and easily detached ; the succeeding layers are of a firmer
consistence

; and in the centre the substance becomes much harder,
constituting the so-caUed "nucleus." On the anterior and posterior
surfaces are faint white hues directed fr'om the poles towards the cir-

cumference ; these in the adult are somewhat variable and numerous on
the surfaces (fig. 363), but in the foetal lens throughout, and towards
the centre of the lens in the adult, they are three in number, diverging
from each other like rays at equal angles of 120° (fig. 3G4). The
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lines at opposite poles have an alternating position (not being over

one another), thus of those seen on the posterior surface of the foetal

Fig. 363.

Fig. 363.— 1, FRONT VIEW ; 2, hind view op the fibkous structitke of the adult
LENS (after Arnold). \

lens, one is directed vertically upT^'ards, and the other two down-
wards and to either side, whereas those on the anterior surface are

Fig. 364. Fig. 364.

—

Diagram to illttstkate the course op the
FIBRES IN THE FCETAL CRYSTALLINE LENS (AlleU .TllOmSOE).

a, anterior
; p, posterior pole.

directed one directly downwards and the other

two upwards and to the sides. These lines are

the edges of planes or septa within the lens

diverging from the axis, and receiving the ends

of the lens-fibres, which here abut against one

another. As Tweedy has pointed out, they may
be seen, by the aid of the ophthalmoscope, even
during life. The rays seldom meet at a point,

but usually along a somewhat irregular line or

area.

Structure.—When the lens has been hardened and the capsule

removed, a succession of concentric laminae may be detached from it

like the coats from an onion. They are not continuous, but separate

into parts opposite the radiating lines above described (fig. 365). The
laminse are composed of long, riband-shaped, microscopic fibres, -g-oVo

incli broad, which adhere together by their edges, the latter being often

finely serrated (fig. 3GG, a), and pass in a curved direction from the

intersecting planes of the anterior half of the lens to those of the

posterior half, or rice versa : in this course no fibre passes fi'om one

pole to the other, but those fibres which begin near the pole or centre

of one surface, terminate near the marginal part of a plane on the

opposite surface, and conversely ; the intervening fibres passing to their

corresponding places betAVcen. The arrangement Avill be better under-

stood by a reference to fig. 3G4, where the course of the fibres in the

foetal lens is diagrammatically indicated. -
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The lens-fibres, as the history of their development shows, are to be

looked upon as much elongated cells. In the young state each has

a clear oval nucleus, but in the Mly-formed lens the nuclei have dis-

Fig. 365. FiET. 366.

Fig. 365.— Laminated strttcture of thk
CRYST-ALLINE LENS, SHOWN AFTER HARDENING

IN ALCOHOii (Arnold). |

1, nucleus ; 2, 2, lamellie.

Fig. 366.

—

Fibres op the crystalline lens.

350 Diameters.

A, longitudinal view of tlie fibres of tlie lens

from the ox, showing the serrated edges. B,

transverse section of the fibres of the lens from

the human eye (from Kolliker). C, longitudinal

view of a few of the fibres from the equatorial

region of the human lens (from Henle). Most

of the fibres in C are seen edgeways, and, towards

1, present the swellings and nuclei of the
" nuclear zone ;

" at 2, the flattened sides of

two fibres are seen.

appeared from the fibres which form
the more internal parts of the lens, and
only remain in the most superficial

layers. Here they are found, not quite

in the middle of each fibre, but slightly

nearer the anterior end, their situation

nearly corresponding in adjacent fibres,

and they form by their juxtaposition the so-called " nuclear zone " around

the lens. The superficial fibres further differ from the more deeply seated

ones in being softer, and in possessing a plain, unserratecl margin.

The extremities of all the fibres are softer and more readily acted on by
reagents than the middle parts, and the axial or more internal part of a

fibre more so than the external, but the transition is gradual from one to

the other, and there is no definite membrane enclosing each fibre. The
lens-fibres when cut across are seen to be six-sided prisms (fig. 3(50 b).

By reason of this shape, and the seiTations of their edges, they fit rery

exactly the one to the other with but little interfibrillar cementing
substance between. This is met with in rather larger quantity in the

intersecting planes between the ends of the fibres.

Thin and Ewart liave shown that with certain methods of treatment the
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superficial lens-fibres show indications of being composed of a number of regular
segments separated by sharply marked lines of inter-segmental substance.

_
Epithelium of the capsule.—At the back of the lens the fibres are

directly in contact with the inner siuface of the capsule, but in front they
are separated from the latter by a single layer of flattened, polygonal,
nucleated cells, which covers the whole anterior surface underneath the
capsule. Towards the edge or equator of the lens the appearance and
character of these cells undergo a change : they first gradually take on a
columnar form, and then, becoming more and more elongated, present
every transition to the nucleated lens-fibres of the superficial layers, into
which they are directly continuous. This transition is more easily traced
in the lens of some animals than in man (see fig. 367).

Fig. 367.

Fig. 367.

—

Section through the margin of the rabbit's lens, showing the
TRANSITION OF THE EPITHELIUM INTO THE LENS -FIBRES (Babucllill).

The capsule of the lens is a transparent, structureless membrane, somewhat
brittle and elastic in character, and when rupturedthe edges roll outwards. The fore

part of the capsule, from about ^^ inch from the chcumference, where the anterior

part of the suspensory ligament joins it, is much thicker than the back : at the

posterior pole of the lens the capsule is very thin indeed. In the adult it, like

the lens itself, is entirely non-vascular, but in the foetus there is a network of

vessels in the capsule, supplied by the terminal branch of the central artery

of the retina, which passes from the optic papilla through the canal of Stilling

in the Adtreous humour to reach the back of the capsule, where it divides

into radiating branches. After forming a fine network, these turn round the

margin of the lens and extend forwards to become continuous with the vessels in

the jDupillary membrane and iris.

After death a small quantity of fluid (liquor Morgagni) frequently collects

between the back of the lens and the capsule : it appears to be derived from the

lens-fibres. There is no epithelium in this situation as in front.

Changes in the lens with ag-e.—In the foetus, the lens is nearly spherical

(fig. 368, a) : it has a slightly reddish colour, is not perfectly transparent, and is

softer, and more readily broken down than at a more advanced age.

Fig. 368.

b

Fig. 368.

—

Side VIEW OP THE lens at different ages.

a, at birth with the deeiDest convexity ; b, in achilt life

with medium convexity ; c, in old age with considerable

flattening of tlie curvatures.

lu the adult, the anterior surface of the lens is distinctly less convex than
the posterior (fig. 368, J) ; and the substance of the lens is finner, colourless,

and transparent.

In old ar/e, it is more flattened on both surfaces (c) ; it assumes a yellowish or

amber tinge, and is apt to lose its transparency as it gradually increases in

toughness and specific gravity.
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AQUEOUS HUMOUR AND ITS CHAMBEE.

The aqueous humour fills the space in the fore part of the eyeball,

between the capsule of the lens with its suspensory ligament and the

cornea. The iris, resting in part upon the lens, divides the aqueous

chamber partially into two, named respectively the anterior and posterior

chambers. This subdivision is incomplete in the adult, but in the foetus

before the seventh month it is completed by the membrana pupiharis,

which, by its union with the margin of the pupil, closes the aperture of

communication between the two chambers.

The anterior cMinber is limited in front by the cornea and behind by
the iris, while opposite the pupil it is bounded by the front of the lens

and its capsule.

The posterior clicmiber was originally so named in the belief that a

distinct free space intervened between the iris and the capsule ofthe lens.

It is now, however, well ascertained by observations on the living eye,

and by sections made in the frozen state, that the iris comes into contact

with the capsule of the lens, both at the pupillary margin and at the

adjoining part of the posterior surface ; and the term posterior chamber
can therefore only be applied to the angular interval existing at the cir-

cumference between the ciliary processes, the iris, and the zonula (fig.

360, a;p?)

Kecent ILiterattire of the Eye.—On the macroscopic anatomy of the eye :

—

F.
Merkel, Article in Graefe & Saemiscli' Handbuch d. gesammt. Augcnheilkunde, I. Bd.,

1 Th., 1874 ; Seinlein, in Arch. f. Ophthalm., XXI., 1875 (lachrymal canals); Zoice, in

Arch. f. mikr. Anat., XV., 1878 ; /. Gerlach, Beitrage, &c., Leipzig, 1880 ; Angelucci,

in Arch. f. mikr. Anat., XIX., 1880 (structure and devel. of anterior part of bulb).

On the eyelid and conjunctiva :— Waldeyer, in Graefe & Saemisch' Handb. , 1874 ; Long-
worth, in Arch. f. mikr. Anat., XI. (nerves) ; Ciaccio, in Mem. d. accad. di Bologna, IV.,

1874, and inMoleschott'sUnters., XI., 1874; iJeicA, in Arch. f. Ophthalm. , XXII. , 1875
;

Bobin et Cadiat, in J. d. I'anat., 1875 (lachrymal ducts); Waltzberg, "Bau der Thranen-
•wege,"&c., Eostock, 1876 ; Sattlcr, in Arch. f. mikr. Anat., 1877 ; Tartuferi, in Giorn.

intemaz. d. sci. med., 1879 (epithelium of eyelid), and in Archiv. d. sci. med., IV., 1879
(glands of eyelid); Baumgarten, in Arch. f. Ophth., XXVI., 1880.

On the cornea and sclerotic:

—

Waldeyer, in Graefe & Saemisch' Handbuch, 1874;
Thanhoffer, in Virchow's Arch., LXIIL, 1875; Ciaccio, in Mem. d. accad. di Bologna,

v., 1875 ; Meyerowitz, "Mikr. Untersuch."&c., Leipzig, 1875 ; Eberth, in Zurich Unter-
such. 3, 1875 ; Swaen, in Bull, de I'acad. de Belgique, 1876 ; Raelmann, in Arch. f.

Ophth., XXIII., 1877 ; Leber, in Arch. f. Ophth., 1878 (intercellular spaces in epith.)
;

Stirling and Shinnei', in the J. of Physiol., I., 1878; Heisrath, in Arch. f. Ophth. , XXVI.
(communication of anterior chamber with canal of Schlemm).
On the choroid coat and iris :

—

Iwanoff, in Graefe and Saemisch' Handb., 1874
;

Michel, Structur d. Iris-stroma, Erlangen, 1875 ; Faber, Bau d. Iris, Leipzig, 1876 ;

Sattler, in Arch. f. Ophthalm., XXIL, 1876; J. Gerlach, in Erlangen Sitzungsb., 1879;
Meyer, in Arch. f. mikr. Anat., XXIL, 1879 (nerves of iris).

On the retina :

—

M. SchuUze, Article in Strieker's Handbook, 1871 ; Schtvalbe, in

Graefe and Saemisch' Handb., 1874 ; Michel, in Beitrage, &c., als Festgabe an C. Ludwig,
1875 (arrangement of iibres in nerve-fibre layer) ; W. Milller, in the same work (morpho-
logical) ; Meriel, in Arch. f. Ophthalm., XXIL, 1876 ; W. Krause, Die Nervenendigung
in der Ketina, in Arch. f. mikr. Anat., XIL, 1876 ; Boll, in Monatsbericbt d.

Berlin Akad., 1876, 1S77 ; and in Arch. f. (Anat. u.) Phys., 1877 ; Kilhne, in Med.
Centralbl., 1877 & 1878 ; and in Heidelb. Unters., L, 1877, and II., 1878 ; and with
Ewald in the same ; Kuhnt, in Monatsbl. f. Augenheilk., 1877, and in Med. Centralb.,

1877 (pigment epithelium) ; Gunn, in J. of Anat. and Phys., 1877 ; Angelucci, in Arch.
f. (Anat. u.) Phys., 1878 (retinal pigment) ; Bennisenko, in Arch. f. mikr. Anat., 1880

;

Itctzius, Biol. Unters., Stockholm, 1881.
On the lens and vitreous humour : —Arnold, in Graefe and Saemisch' Handb.

;

and Schwalbe (vitreous) in the same, 1874 ; Hosoh, in Arch. f. Ophthalm., XX., 1874;
Thin and Ewart, in the Joum. of Anat., 1876 ; Eitte)-, in Arch. f. Ophth., XXIII., 1877

;
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Eenle, Gottinger Abhandl. , XXIIT., 1879 ; Brailey, in Guy's Hosp. Reports, XXIV., 1879
(suspensory apparatus of lens) ; Ulrich (canal of Petit), in Arch. f. Oplithalm., XXVI.
On the Uood- vessels and lymphatics of the eye.—Leber, in Graefe and Sae-

misch' Haudb., 1874. Of the eyelids: Fuchs, in Arch. f. Ophth., 1878, and in Med.
Centralbl., 1878 ; and Langer, in Med. Jiihrb., 1878. Of the retina: Nettleship, iu

Ophth. Hosp. Reports, 1875 ; Hesse ; His, in Arch. f. Anat. (u. Phys.), 1880 ; 0. Becker,

in Arch. f. Ophth., 1881.*

THE EAE.

The organ of hearing is divisible into three parts : the external ear

(fig. 369, 1, 2), the tympanum or middle ear (3), and the labyrinth or

internal ear (6). The first two of these are to be considered as

accessories to the third, which is the sentient portion of the organ.

Fig. 369.

Fig. 369. DiAGKAMMATIC VIEW FROM BEFORE OF THE PARTS COMPOSING THE ORGAN
OF HEARING OF THE LEFT SIDE (after Arnold).

The temporal bone of the left side, with the accompanying soft parts, has been detached

from the head, and a section has been carried obliquely through it so as to remove

the front of the meatus externus, half the tympanic membrane, and the upper and anterior

wall of the tympanum and Eustachian tube. The meatus internus has also been opened,

and the bony labyrinth exposed by the removal of the surrounding parts of the petrous

bone. 1, the pinna and lobe ; 2 to 2', meatus externus ; 2', membrana tympani ; 3,

cavity of the tympanum ; above 3, the chain of small bones ; 3', opening into the mastoid

cells ; 4, Eustachian tube ; 5, meatus internus, containing the facial (uppermost) and
auditory nerves ; 6, placed on the vestibule of the labyrinth above the fenestra ovalis ; a,

apex of the petrous bone ; h, internal carotid artery ; c, styloid process ; d, facial nerve

issuing from the stylo-mastoid foramen ; e, mastoid process
; /, squamous part of the bone.

THE EXTERNAL EAR.

In the external ear are included the pinna—the part of the outer ear

which projects from the side of the head—and themeatus or passage which

leads thence to the tympanum, and which is closed at its inner extremity

by a membrane interposed between it and the middle ear.

* The older literature of the eye will be found in the several articles referred to in ths

Handbu<;h der gesammten Augenheilkunde, 1874.
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THE PINNA.

The general form of the pinna or auricle, as seen from the ontside, is

concave, to fit it for collecting and concentrating the undulations of

sound, but it is thrown into various elevations and hollows, to which
distinct names have been given. The largest and deepest concavity is

called the concha (fig. 370, 7) ; it surrounds the entrance to the meatus,

and is interrupted at its upper and anterior part by a ridge, which is the

beginning of the helix. In fi-ont of the concha, and projecting back-

wards over the meatus, is a conical jDrominence, the tragus (fig. 370, G),

covered usually with hairs. Behind this, and separated from it by a

Fig. 370.

—

Outer surface op the pinna of the right Fig. 370.

AURICLE. I

1, helix ; 2, fossa of the helix ; 3, antihelix ; 4, fossa

of the antihelix ; 5, antitragus : C, tragus ; 7, concha

;

8, lobule.

deep notch, is another smaller elevation, the

aniitragus (5). Beneath the antitragus, and
forming the lower end of the auricle, is the

lohide (8), which is devoid of the firmness

and elasticity that characterise the rest of the

pimia. The thinner and larger portion of the

pinna is bounded by a j)rominent and incurved

margin, the helix (1), which, springing above
and rather within the tragus, fi'om the hollow

of the concha, surrounds the upper and
posterior margin of the auricle, and gradually

loses itself in the back part of the lobule.

Within the helix is another cm'ved ridge, the antihelix (3), which,

beginning below at the antitragus, sweeps round the hollow of the

concha, forming the posterior boundary of that concavity, diverging

above it into two ridges. Between the helix and the antihelix is a narrow
curved groove, the fossa of the helix (fossa scaphoidea) (2) ; and in the

fork of the antihelix is a somewhat triangular depression, the fossa of the

antihelix (fossa triangularis) (4).

A slight pointed projection which is occasionally observed in the human
subject at the margin of the helix (at a place indicated by the asterisk in fig.

370) is of interest as representing the much more distinct pointed extremity met
with in the expanded ears of quadrupeds (Darwin, " The Descent of Man," 2nd
edition, p. 15). The point in question is distinctly seen in the cartilage repre-

sented in fig. 371.

Structure.—The pinna consists mainly of yeUow fibro-cartilage and
integument, with a certain amount of adipose tissue. It has several

ligaments and small muscles of minor importance.
The sMn covering it is thin, closely adherent to the cartilage, and

contains sebaceous follicles, which are most abundant in the hollows of

the concha and scaphoid fossa.

The cartilage (fig. 371, A, b) forms a thin plate, presenting aU the
inequalities already described as apparent on the outer surface of the
pinna, and on its cranial surface having prominences the reverse of the
concha and the fossa of the hehx, while between these is a depression in
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the situation of the anfcihelix. The cartilage is not confined to the

pinna, but enters likewise into the construction of the outer part of the

external auditory canal. When dissected from other structures, it is

seen to be attached by fibrous tissue to the rough and prominent margin
of the external auditory meatus of the temporal bone. The tubular part

is cleft in front between the tragus and fore part of the helix inwards to

the bone, the deficiency being filled with fibrous membrane ; the whole
cartilage may be looked upon as an elongated plate, the lower part of

which is folded round in front so as to bring it nearly into contact with

the upper part. There is no cartilage in the lobule : it contains only fat

and tough connective tissue.

Behind the prominence of cartilage which forms the antitragns is a deep
notch, separating it from the cartilage of the helix, which here forms a tail-like

process descending towards the lobule. At the fore part of the pinna, opposite

the first bend of the helix, is a small conical projection of the cartilage, called

the p7'ocess of the helix, to which the anterior ligament is attached. Behind this

process is a short vertical slit in the helix ; and on the surface of the tragus is

a similar but somewhat longer fissure. A deep fissure passes back between the

commencement of the helix and the tube of the ear, and another passing out-

wards and backwards from the deep end of the longitudinal cleft separates the
part forming the tragus from the rest of the tube, so that the tube is continuous

with the pinna only by means of a narrow isthmus. One or two other irregular

gaps or fissures partially divide the cartilaginous tube transversely, and the whole
of these deficiencies are termed fissures of Santorini. The substance of the carti-

lage is very pliable, and is covered by a firm fibrous perichondrium.

Of the ligaments of the jjinna, the most important are two, which assist in

attaching it to the side of the head. The anterior ligament, broad and strong,

extends from the process of the helix to the root of the zygoma. The posterior

ligament fixes the back of the auricle (opposite the concha) to the outer surface

of the mastoid process of the temporal bone. A few fibres attach the tragus also

to the root of the zygoma. Ligamentous fibres are likewise placed across the

fissures and intervals left in the cartilage.

Of the muscles of the jpinna, those which are attached by one end to the side of

the head, and move the pinna as a whole, have been already described (vol. i.) :

there remain to be examined several smaller muscles, composed of thin layers of

pale-looking fibres, which extend from one part of the pinna to another, and
may be named the special muscles of the organ. Six such small muscles are

distinguished ; four being placed on the outer and two on the inner or deep

surface of the pinna.

The smaller muscle of the helix (fig. 371, 1) is a small bundle of oblique fibres,

lying over, and firmly attached to, that portion of the helix which springs from
the bottom of the concha.

The greater muscle of the helix (2) lies vertically along the anterior margin of

the pinna. By its lower end it is attached to the process of the helix ; and
above, its fibres terminate opposite the point at which tlie ridge of the helix

turns backwards.

The muscle of the tragus (3) is a flat bundle of short fibres covering the outer

surface of the tragus : its direction is nearly vertical. Occasionally a slender

bundle of muscular fibres is seen prolonging this muscle across the cleft in the

cartilage between the tragus and fore part of the helix.

The muscle of the antitragus (4) is placed obliquely over the antitragus and
behind the lower part of the antihelix. It is fixed at one end to the antitragus,

from which point its fibres ascend to be inserted into the tail-like extremity of

the helix, above and behind the lobule.

The transverse muscle (.5) lies on the inner or cranial surface of the pinna, and
consists of radiating fibres which extend from the back of the concha to the

prominence which corresponds with the groove of the helix.

The oblique muscle (Tod) (6) consists of a few fibres stretching from the back
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of the conclia to the convexity directly above it, across the back of the inferior

branch of the antihelix, and near the fibres of the transverse muscle.

Vessels and nerves of the pinna.—The auricular branch of the 2^0f<tcrior

aurlcitlar artcvjj, a branch from the external carotid, is distributed chiefly on the

inner surface, but sends small branches roimd and through the cartilage to ramify

on the outer surface of the pinna. Besides this artery, the auricle receives the

anterior auricular from the superficial temporal.

Fig. :-571, A and B.—Outer Fig- 371.
^

AND INNER SURFACES OP "'^ '^

THE KIUHT PINNA, EXPOSED

TO SHOW THE SMALL MUS-

CLES (froii Arnold).

1 , musculus helicis minor ;

2, m. helicis major ; 3, tra-

gicus; 4, autitragicus ; 5, mus-
culus transversus auriculas

;

6, musculus obliquus auriculse.

The veins for the most
part accompanythe arteries.

They join the posterior auri-

cular and temporal veins.

The great auricular

ncrrc, from the cervical

plexus, supplies the greater

part of the inner surface of the auricle, and sends small filaments with the

posterior auricular artery to the outer sui-face of the lobule and the part of the

ear above it. The auricular branch of the ^josterior auricular neri-c, devWed from
the facia], after communicating -with the auricular branch of tJic jmeumogastric,

ramifies on the back of the ear and supplies the retrahent muscle. The anterior

and upper muscles of the auricle receive their supply from the tenqjoral branches

of the facial nerve. The auriculo-tenqjoral branch of the third division of the

fifth nerve gives filaments chiefly to the outer surface of the pinna. A branch
of the small ocaij)ital supplies the upper part of the inner surface.

a?HE EXTEENAIi AUDITORY CANAL.

The external auditory canal, meatus aiidiforms externus (369, 2, 2),
extends from the bottom of the concha to the membrane of the

tympamim and serves to convey the vibrations of sound to the middle

chamber of the ear. The canal is about 1^ inches long. In its inward

course it is inclined somewhat forwards (fig. 372) ; and it has likewise a

distinct vertical curve (fig. 369), being at first directed somewhat up-

wards, and afterwards turning over a convexity in the floor of the

osseous part to dip downwards to its termination. The calibre of the

passage is smallesfc about the middle. The outer opening is largest from
above downwards, but the inner end of tlie tube is slightly wider in the

transverse du^ection. At the inner extremity the tube is terminated by
the membrana tympani, which is placed obliquely, being inclined down-
Avards, forwards, and towards the mesial plane ; and thus, as shown in

fig. 369, the floor of the meatus is longer than its roof.

The meatus is composed partly of cartilage, and partly of bone, and is

lined by a prolongation of the skin.

The cartUaginous part occupies somewhat less than half the length of

the passage. It is formed, as ah'eady mentioned, by an inflection of the

deep part of the cartilage of the pinna.

The osseous portion is a little longer and rather narrower than the car-

VOL. II. F F
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tilaginous part. At its inner end is a narrow groove, which extends

round the sides and floor of the meatus, but is deficient above ; into this

the margin of the membrana tympani is inserted.

The skin of the meatus is continuous with that covering the pinna,

but is very thin, especially in the osseous part, and becomes gradually

thinner towards the bottom of the passage. In the osseous part it

Fig. 372.

Fig. 372.

—

View of the lower half op the auricle and meatus in the left ear
DIVIDED BT A NEARLY HORIZONTAL SECTION (after Rticlinger).

1. Posterior wall; 2, anterior wall of the cartilaginous meatus; 3, posterior wall of

the bony meatus ; 4 to 5, membrane of the tympanum, with the handle of the malleus
cut ; 6, stapes, to the right of 6, section of the cochlea ; 7, stapedius muscle ; 8,

section of facial nerve ; 10, branches of the auditory nerve to the cochlea, saccule, and
utricle, 11.

adheres very closely to the periosteum, and at the bottom of the tube is

stretched over the surface of the membrana tympani, forming the outer

layer of that structure. Towards the outer part the skin possesses fine

hairs and sebaceous glands ; and in the thick subdermic tissue over the

cartilage are many small oval glands of a brownish yellow colour, agreeing

in form and structure with the sweat glands, but larger (fig. 237 on
p. 254). The cerumen or ear-wax is secreted by these glands {(jJandulce,

cerumitiosoi), and their numerous openings may be seen to perforate the

skin of the meatus. Hairs and glands are absent from the bony part of

the tube.

Vessels and nerves.— The external auditory meatus is supplied with arteries

from the ]}oste7-ior auricular, internal maxillary, and teinjJoral arteries ; andAvith.

nerves chiefly from the auriculo-temporal branch of the fifth nerve. The prin-

cipal branches of the arteries course along the upper and back wall of the canal.

State in the infant.—The auditory passage is very short and rudimentary
in the infant, for the osseous part begins to grow out of the temporal bone only

after bii-th, and thus the internal and middle parts of the ear are much closer to

the stu'face than in the adult (vol. i. p. 71).

THE MIDDLE EAR OR TYMPANUM.
The tympanum or drum, the middle chamber of the ear, is a narrow

irregular cavity in the substance of the temporal bone, placed between
the membrane occluding the inner end of the external auditory canal
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and the outer bony wall of the labyrinth. Its width between these

boundaries varies from about -jV^^^ ^o "e^h of an inch. It contains a chain

of small bones, by means of which the vibrations communicated from
without to the membrana tympani are conveyed across the cavity to the

internal ear, and also certain minute muscles and ligaments, which
belong to the bones referred to, as well as nerves, some of which end
within the cavity, whilst others merely pass through it to other paits.

The cavity is otherwise filled with air, for it communicates with the at-

mosphere through the Eustachian tube, which leads into the j^harynx.

A roof and floor, an outer and inner wall, and an anterior and posterior

boundary are commonly described.

The roof of the tympanum is formed by a thin plate of bone, which
may be easily broken through so as to obtain a view of the tymj^auic

cavity from above ; it is situated on the upper anterior surface of the

petrous portion of the temporal bone, near the angle of union with the

squamous portion. The /foor is narrow, in consequence of the outer and
inner boundaries being inclined towards each other. It is separated by
a thin plate of bone from the jugular fossa behind and the carotid canal

in fi'ont.

The outer wall is formed, to a small extent, by bone, but mainly by the

membrane {membrana tympani) already mentioned as closing the inner

•end of the external auditory meatus. Immediately in front of the ring

of bone into which the membrana tympani is inserted, is the inner ex-

tremity of the fissure of Glaser. Close to the back of this fissure is the

opening of a small canal, through which the chorda tympani nerve
passes out from the tympanum.
The membrana tympani is an ellipsoidal disc, the longer axis of

which is directed from behind and above, forwards and downwards, and

Fig. 373.Fig. 373.

—

View op the outer surface
OP THE LEFT MEMBRANA TYMPANI, AFTER
REMOVAL OP THE CUTANEOUS LAYER
(E.A.S.). \

The Landle of the malleus is distinctly

seen, and the long process of the incus

api^ears as a faint light band parallel ^\\i\\

and a little behind the handle of the mal-

leus. The other light band nearly at right

angles to the malleus is caused by tlie

chorda tympani nerve. The notch of Ri-

vini is seen above the handle of the mal-
leus. 2h termination of the posterior wall

of the external auditory meatus.

is about 0.37 inches (9.25 mm.) in

length : the shorter axis being about

0.33 inches (8.25 mm.). It is inserted into the groove already noticed

at the end of the meatus externus, and so obliquely that the membrane
inclines towards the anterior and lower part of the canal at an angle of

about 55°. The handle of the malleus (fig. 373), one of the small bones
of the tympanum, descends in contact with the inner surface of the

membrane, covered by mucous membrane, to a little below the centre,

where it is firmly fixed ; and, as this process of the bone is directed

inwards, the outer surface of the membrane is thereby depressed in a
conical form.

The membrana tympani is about ^r^^inch (0.1 mm.) thick. Covering if;

F F 2
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Fig. 374.

externally is a prolongation of the skin of the external meatus ; internally

is a ]n'olongation of the mncons membrane lining the cavity of the tym-
l^anum ; and between these two is the proper substance of the membrane^
composed of fibrous tissue. The greater number of the fibres radiate froni

the attachment of the handle of the malleus (fig. 373), but there are also

circular fibres which are situated within or mesially to the radial, and
closer to the circumference, form a dense, almost ligamentous ring. The
radial fibres are not straight, but are slightly bowed outwards, so that

between the most depressed point or umlo, and the attached border, the

membrane is slightly convex outwardly. This shape is maintained by
the annular fibres.

At the upper and anterior part, the annular fibres stretch across the

mouth of a small notch in the bony ring to which the membrane is attached

(notch of Rivini). The notch is occupied by a lax part of the membrane
{membrana flaccida, Shrapnell), consisting of loose connective tissue, with
vessels and nerves, and covered by skin and mucous membrane. It occa-

sionally happens that a fissure or perforation is to be detected at this place.

Fig. 374.

—

View of the left mem-
brana TYHPAMI AUD AUDITORY OS-

SICLES FROM THE INNEH SIDE, AND
SOMEWHAT FROM ABOVE (E.A.S.). *

m, malleus ; i, incus ; st, stapes
;

py, pyramid from wliich the tendon

of the stapediiis muscle is seen

emerging ; t t, tendon of the tensor

tympani cut short near its insertion
;

I a, anterior ligament of the malleus :.

the processus gracilis is concealed by
the lower fibres of this ligament ; I s,

superior ligament of the malleus ; I. i,

ligament of the incus ; ch, chorda

tympani nerve passing across the outer

wall of the tympanum.

The membrane is supplied with

blood-vessels, but they are chiefly-

confined to the skin and mucous
membrane covering the surfaces

;

a few are, however, found in the

proper fibrous membrane, and
form a communication between

the two systems on the surfaces. Those of the skin are mostly supplied by a

small artery, derived from the deep auricular branch of the internal maxillary,

which, passes from above, parallel to and along the handle of the malleus. The

nerves for the most part accompany the blood-vessels, first supplying these and

then forming a plexus both in the cutis and in the mucosa. Lymphatic vessels

are, according to Kessel, tolerably abundant in all three layers.

The inner,wall of the tympanum, which separates it from the internal

car, is very uneven. Near its upper part is an ovoid, or nearly kidney-

shaped G^mmg—fenestra ovciUs (fig. 375, /.o), which leads into the cavity

of the vestibule. This opening, which is elongated from before back-

wards, with a slight inclination downwards in front, is occupied in the

recent state by the base of the stapes, and the annular ligament connected

with that plate of bone. Above the fenestra ovahs, and between it and

the roof of the tympanum, a ridge indicates the position of the aqueduct

of Pallopius {aF), as it passes backwards, containing the facial nerve.

I
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Below is a larger and more rounded elevation, caused by the projection

outwards of the first turn of the cochlea, and named the promontory,

or tuber coclilecB (fig. 375, ju?) ; its surface is marked by grooves, in which
lie the nerves of the tympanic plexus.

Below and behind the promontory, and somewhat hidden by it, is

another aperture named fenestra rotunda, Avliich lies within a funnel-

shaped depression (fig. 375, /.r). In the macerated and dried bone the

fenestra rotunda opens into the scala tympani of the cochlea ; but, in the

recent state, it is closed by a thin membrane.

Fig. 375.

Fig. 375.

—

Inner wall of the right tyjipanum (G. D. Thane), f

The lower end of tlie Eustacliian tube and canal for the tensor tympani is cnt open
obliquely by the saw. M, bristle passed into the opening from the tympanum into the
mastoid cells ;/o, fenestra ovalis

; f r, fenestra rotunda
; p, promontory ; a F, aqueduct

of Fallopius, or canal of the facial nerve ; c.pr, lower end of the processus cochleariformis,

•cut ; 1 1, bristle passed through the canal for the tensor tympani muscle ; Eu, bristle in the
Eustachian tube.

The membrane closing the fenestra rotunda

—

secondary memlrane of
the tympanum (Scarpa)—is rather concave towards the tympanic canity,

and, like the membrana tympani, is composed of three structures, the

middle being fibrous, and the outer and inner derived from the mem-
branes lining the cavities between which it interposed, viz., the

tympanum and the cochlea.

The posterior wall of the tympanum has at its upper part one larger

(fig. 375, J/), and several smaller openings, which lead into irregular

cavities, the mastoid cells, in the substance of the mastoid portion of the

temporal bone. These cells communicate for the most part freely with
one another, and are lined by a thin mucous membrane continuous with.
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that of the tpnpanum. Behind the fenestra OTalis, and directed upwards,
is a small conical eminence, called the ijyramul, or cmrnentici papiUaris

(fig. 374, d75,])ij). Its apes is pierced by a foramen, through which the

tendon of the stapedius muscle emerges from a canal which when traced

hack is found to turn downwards in the posterior wall of the tympanum,
and to join obliquely the descending part of the aqueduct of Fallopius

(fig. 372, 7). A small bony spiculmn often connects the end of the

pyramid with the upper part of the promontory (see fig. 375).

The anterior extremity of the tympanum is narrowed by the gradual

descent of the roof, and is continued into the inner orifice of the

Fi'^.

Eis. 376.- -Section across the cartilaginous part of the eustachian tube.
(Riidinger).

1, 2, bent cartilaginous plate ; 3, mnsc. dilatator twhts ; to the left of 4, part of the
attacliment of tlie levator palati muscle ; 5, tissue uniting the tube to the base of the

skull ; 6, and 7, mucous glands ; 8, 10, fat ; 9 to 11, lumen of the tube ; 12, connective

tissue on the lateral aspect of the tube.

Eustachian tube (fig. 375). Above the commencement of this is the

canal which lodges the tensor tympani muscle. This canal is about half

an inch long, and it opens immediately in front of the fenestra oralis,

surrounded by tlie expanded and everted end of the cochleariform process

which separates it fi'om the Eustachian tube.

In the recent state the fibrons sheath of the tendon is expanded over the end of

the canal, so as to impart to it a conical shape (see fig. 381, tt.')

The Eustachian tube (fig. 369, 4) is a canal, bounded partly by bone,

partly by cartilage and fibrous membrane, which leads from the cavi ty of

the tympanum to the upper part of the pharynx. From the tympanum it

is directed forwards and inwards, Avith a slight inclination downwards ; its

entire length is about an inch and a half. The posterior or osseous

division of the tube is placed at the angle of junction of the petrous

portion of the temporal bone with the squamous portion. Tlie omtcrior

part of the tube is formed of a triangular piece of cartilage, the edges of
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svMcli are slightly curled round towards each other, leaving an interval

at the under and outer side, in -which the wall of the canal is completed

by dense but pliable fibrous membrane, and by a muscular band con-

nected with the tensor palati and termed by Riidinger the dilatator fuM.

The tube is trumpet-shaped, being narrow behind, and gTadually expand-

ing to a gTeater width in front ; the anterior part is compressed fi'om side

to side, and is fixed to the inner pterygoid plate of the sphenoid bone.

The anterior opening is of a compressed oval form, and is placed

obliquely at the side and upper part of the pharynx, into which its promi-

nent margin projects behind the lower turbinate bone of the nose, and

above the'level of the hard palate. Tlu'ough this aperture the mucous

membrane of the pharynx is continuous with that which lines the tym-

panum, and under certain conditions air passes into and out of that cavity.

Small Bones of the Eae.—Three smah bones (ossicula auditus) are

contained in the upper j)art of the tympanum : of these, the outermost

{malleus) is attached to the membrana tympani ; the innermost (stapes)

is fixed in the fenestra ovahs ; and the thfrd {incus) jDlaced between the

other two, is connected to them by articular surfaces. They form to-

gether an angular and jointed connecting rod between the membrana
tympani and the membrane which closes the fenestra ovalis.

The malleus or hammer-bone (figs. 377, 378), consists of an upper

Fig. 377.

—

The left malleus Fig. 377. Fig. 378.

OP THE ADULT A^EWED FROM
THE OUTER SIDE. MAGNIFIED
FOUR TIMES. (After Helm-
holtz.)

c, capitulum ; a i, grooved

articular sui-face for the incus

;

c, its prominent lower margin
;

d, cervix ; m, end of the manu-
brium ; b, processus brevis

;
pvAjr,

processus gracilis, here repre-

sented only by a short stump, the

rest of the process having been ^-, .^ ^ ar.rrj-
converted into ligament ; a, ridge ^(,, _ iw^
to which the external ligament is

attached.

Fig. 378.

—

Left malleus of a child viewed from before. Magnified four
TIMES. (E.A.S.)

The lettering is the same as in the previous figure. The processus gracilis is here

complete. The angle which the manubrium forms with the rest of the bone is seen in

this view.

thicker portion, with a tapering lower portion, and two processes. The
upper end is formed by the rounded head (capitulum) (c), on the

posterior surface of which is an elliptical depressed surface (a.i) with
prominent margins, Avhich passes obliquely downwards and inwards,

and serves for articulation with the incus. Below the head is a con-

stricted necJc (d) ; and beneath this another slight enlargement of the bone,

to which the j)rocesses are attached. The handle (manubrium) (ni), the

lower tapering point of the malleus, is slightly twisted, and is compressed
from before backwards to near its point, where it is flattened laterally.

It forms a rounded obtuse angle with the head of the bone (fig. 378),
and passes do^^Tiwards, with an inclination forwards and inwards, on
the inner side of the membrana tympani, to wliich it is closely attached

both by its periosteal covering and also by a dense fibro-cartilaginous
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tissue extending its whole length, except near the root of the process,
where the bone, is less firmly united to the membrane. The jDoint of
insertion of the tendon of the tensor tympani muscle is sometimes
marked by a slight ]:)rojection on the inner side of the manubrium near
its upper end. The long process, {processus gracilis sen folianus)
{pr/jr.) is a very slender spiculum of bone, which \\\ the adult is usually
converted, except a small stump, into ligamentous tissue, and even
where it still exists as bone is often broken off in its removal from the
tympanum ; it projects at nearly a right angle from the front of the
neck of the malleus, and extends thence obliquely downwards and for-

wards to the Glaserian fissure. Its end is flattened and expanded, and
is connected by ligamentous fibres or bone to the sides of the fissure.

The short process {processus Irevis vel oltusus) {h) is a low conical
emmence situated at the root of the manubrium, beneath the cervix,
and projecting outwards towards the upper part of the membrana
tympani, to which it is attached.

The incus (fig. 379), as its name impHes, has been compared to an

Fig. 379.

—

Left incus, viewed from the inner side
AND SOMEWHAT FROM BEFORE. MAGNIFIED FOUR TIMES

,j^ (G. D. Thane).

h, body ; a m, ridged articular surfaxje for the malleus

;

pr. hr, processus brevis ; I. i, rough surface near its

extremity for the attachment of the ligament of the

j^i^l incus; pr. I, processus longus, terminating below in a
small projection which comes off from it at a right
angle, and is capped by a convex tubercle, processus

2)7:o ®y orbicularis, pr. o, for articulation with the stapes.

anvil ; but it resembles perhaps more nearly a tooth with two fangs widely
separated. It consists of a body and two processes. The l)odg has a
deep saddle-shaped articular surface in front {a. m), which fits against

the head of the malleus. The sJwrler process {cms breve) {jjr.lr.) of the

incus projects backwards. Its extremity is tipped with cartilage, and is

moveably articulated by ligamentous fibres with the posterior and partly

Avith the outer wall of the tympaimm near the entrance to the mastoid cells.

The long process {crus longvm) {jn-.l) tapers rather more gradually, and
passes downwards and inwards behind and parallel to the handle of the

malleus : at its extremity it is bent inwards, and is suddenly narrowed
into a short neck ; and upon this is set a flattened tubercle {processus

orbicularis sen lenticularis) {pr.o), tipped with cartilage. This tubercle,

which articulates with the head of the stapes, was formerly, under the

name of os orbicuJare sen lenUculare, described as a separate bone, which
indeed it originally is in childhood.

At the joints between the incus and malleus on the one hand and the incus and
stapes on the other the articular surfaces are tipped with cartilage and enclosed

by a synovial membrane. Eiidinger describes both in this joint and in the
articulation of the incus with the stapes an interarticular fibro-caxtilage, which
subdivides the joint into two parts.

The stapes (fig. 380), the third and innermost bone of the ear, is

in shape remarkably like a stirrup, and is composed of a head, a base,

and two crura. The head {h) is directed outwards, and has on its end a
slight depression, covered with cartilage, which articulates with the lenti-

cular process of the incus. The base {b) is a plate of bone fitting into
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the fenestra oralis, but not quite closely, so that a slight amount of

moTement is allowed. Its form is irregularly oval, the upper margin

being curved, while the lower is nearly straight (fig. 374, st). Its border is

encircled by hyaline cartilage, which also covers its vestibular surface. The
margin of the fenestra ovalis has also a covering of the same tissue (Toyn-

bee), and the opposed cartilaginous surfaces are closely connected by a net-

work of elastic fibres passing between them, and forming an especially dense

Fig. 380.

—

Left stapes, viewed ekom below. Magnified four
TIMES. (E.A.S.)

h, outer extremity or head of tlie bone, with a shallow concavity

for articulation with the orbicular process of the incus ; c, con-

stricted part or cervix. This is not always so well-marked as in

tbe present specimen, cr a, anterior crus ; cr p, posterior crus
;

b, base ; a, arch of the stapes. The bony groove which bounds

the arch is shown in front and below ; above and behind it is

concealed from Yiew.

ligamentous band near the tympanic and vestibular cavities (Eiidinger).

The crura of the stapes diverge from a constricted part (7iecJc, fig. 380, c)

of the bone, situated close to the head, and are attached to the outer

surface of the base near its extremities. The anterior crus (cr. a) is the

shorter and straighter of the two. The crura, with the base of the stapes,

encircle a small triangular or arched space (a), across which in the recent

state a thin membrane is stretched. A shallow groove runs round the

opposed surfaces of the arch, and iu to this the membrane is received.

Ligaments.—In the articulations of the small bones of the ear with

one another the connection is strengthened by ligamentous fibres.

Their attachment to tlie walls of the tympanum is effected chiefly by
the following ligaments, as well as by the reflections of the mucous mem-
brane lining that caVity.

The cmterior ligament of the malleus (figs. 374, L a, and 381, 7. a. m) is

a comparatively strong and broad band of fibres, which connects the base

of the processus gracilis and the anterior part of the body of the malleus

above this process with the anterior wall of the tympanum close to the

Glaserian fissm^e. The part of the ligament which passes out of the

G-laseriai"! fissure, was long thought to be muscular (laxator tympani
auct.), but most observers agree in denying the existence of muscular

tissue in this situation. Many of the fibres of the anterior ligament

take origin from a bony prominence which projects fi'om the margin of

the external meatus into the tympanum, and forms the anterior boundary

of the notch of Eivini. This prominence is known as the larger spinous

jsrocess of the tympanum (spina tympanica major) (fig. 381, sjy) to

distinguish it from another bony prominence or spine at the posterior

extremity of the notch.

Accessory anterior ligament.—A comparatively stout sheatli surrounds the

tendon of the tensor tympani as it passes from the end of the coclileariform

process to the malleus, and a flat ligamentous band with a thickened margin
(fig. 381, Z), which lies along the anterior border of this sheath, stretching between
the anterior wall of the tympanum and the upper part of the manubrium and
neck of the malleus may be regarded as assisting in the fixation of the malleus

anteriorly (E.A.S.).

The external ligament of the malleus (fig. 381, l.e.m.), is a fan-shaped
ligamentous structure, the fibres of which arise from the margin of the
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notcli of Eivini, and converge to the short process find adjacent part

of the body of the malleus.

The posterior bundle of fibres of this Kgament together vrith. the anterior

bundle of the anterior ligament are termed by Helmholtz the " axis-ligament of

the malleus," since thej are attached nearly in the axis of rotation of that bone.

rig. 3S1. Yis. 3S1.—TiEw of the
CATlir OF THE TT3r-

PAXUJI, OPEXED FROM
ABOVE. (ilAGXIFrEI>

FOCR TI3IE3. ) (E. A. S.

)

m, head of tie malleus ;

sp. spina tympanica ina]'or

;

I. a. m, anterior Hgament
of the maUeus ; I. e. m,
external ligament of the
malleus ; H, gap bet-n-een

the t'vro hgaments leading

to the merobrana faccida

and notch of Eivini ; i,

body of the incus ; I. i,

posterior ligament of the
incus : jir. o, processus orbicularis of the incus seen in the depth of the cavity, articulated

with the head of the stapes, -sf ; st', tendon of the stapedius muscle emerging from the
pyramid ; it, tendon of the tensor tympani, emerging from the conical end of its canal

:

I, thickened edge of a flattened band of hgamentous fibres which lies in a fold of the

mucous membrane, m.in., and assists in fixing the maUeus ; s. I, m, superior ligament of

the malleus, cut short ; n, chorda tympani nerve.

The superior ligament of flie malleus (figs. 374, l.s., and .381, 382. s. 1. m),

consists of a small bundle of fibres, Trhich passes doTvnwards and outwards
from the roof of the tympanum to the head of the malleus, and serves to

check the outward movements of the manubrium and membrana tympani.

Inferior Jujament of tJie maUeus.—A small bundle of ligamentous fibres is

frequently found passing from near the extremity of the handle of the malleus
np'wards and backwards behind the long process of the incus, to be attached to

the outer Tvall of the tympanum. This ligament assists the external ligament
in resisting a too violent action of the tensor tympani muscle, and it sei-ves

also to restrict any rotating acrion which that mnscle may tend to exert upon
the malleus (E.A,S.).

The lifiament of the incus (figs. 37-4, 381, 1. i) extends from near the

point of the short crus backwards towards the posterior wall of the

tympanum, but some of its fibres spread also outwards and inwards. It

is attached below the entrance to the mastoid cells.

Muscles.—There are only two well-determined muscles of the tym-
panum. Sommerring described four, and some authors have mentioned

a larger ninnber ; but their descriptions have not been confirmed by
later research. Of the two muscles generally recognised, one is attached

to the malleus,' aud the other to the stapes.

The tensor tymfiani (fig. 381, //)' is the larger of these muscles. It

consists of a tapering fleshy part, about half an inch in length, and a

slender tendon. The muscular fibres arise from the cartilaginous end of

the Eustachian tube and the adjoining surface of the sphenoid bone,

and from the sides of the canal in which the muscle lies and in which it

is conducted backwards to the cavity of the tympanmn. Immediately

in front of the fenestra ovalis the tendon of the muscle bends at nearly

a right angle over the end of the processus cochleariformis as roimd a
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piOIey, and, contained in a fibrous sheath, passes outwards, to be inserted

into the inner part of the handle of the malleus, close to its root.

The stajjeclius is a yery distinct muscle, but is hid within the bone,
being lodged in the descending part of the aqueductus Fallcipii and in the
hoUow of the pyramid. The tendon issues from the aperture at the apex
of that little elevation (fig. 374), and passing forwards, siirrotmded by
a fibrous sheath, is inserted into the neck of the stapes posteriorly, close

to the articulation of that bone with the lenticular process of the inctis.

A very slender spine of bone has been fotmd occasionally in the tendon of the
stapedius in man : and a similar piece of bone, though of a rounder shape, exists

constantly in the horse, the ox, and other animals.

Fig. 382.

—

Peofile view of the lett ^ie^tbraka rriiPAyi atd aupitokt ossicles

FROil BEFORE ANT) SOME^THAT FROM AliOVZ. ilAGyiFIED FOEE TIJTES. (E. A. S.

)

The anterior half of the membrane has been cut a'vray by an obhque sUce. m, head
of the malletis ; sp, spur-hke projection of the lo^er border of its articular surface

:

pr. br, its short process
;
pr. gr, root of processus gracilis, cut : s.I.m, suspensory liga-

ment of the malleus ; l.e.m, its external ligament : t.t, tendon of the tensor tympani, cut

:

/, incus, its long process ; if, stapes in fenestra ovalis ; e.au.m, external auditory meatus ;

p.S, notch of Eivini ; m.t, membrana tympani ; u, its most depressed point or umbo ;

d, decliyity at the exlremitj- of the external meatus : i.au.m, internal auditory meatus :

a and i, its upper and lower divisions for the correspon<ling parts of the-widitory nerve :

n.p, canal for the nerve to the ampulla of the posterior semicircular canal : s.s.c, ampul-

lary end of the superior canal ; p, ampullary opening of ihe posterior canal ; c, common
aperture of the superior and posterior canals; e.s.c, ampullary, and e'.s.c, non-ampuUary
end of the external canal; s.t.c, scala tympani cochles

; /.?", fenestra rotunda, closed

by its membrane ; a.F, aqueduct of FaUopios.

Movements of the auditory ossicles.—The malleus and incus more to-

gether round an axis extending backwards from the attachment of the malleus

by its anterior ligaments to the attachment of the short process of the inccs

posteriorly. The handle of the malleus foUo-n-s all the movements of the mem-
brana tympani. and when the membrane is impelled inwards, the incus, moving
inwards along with the malleus, pushes the stapes inwards towards the internal

ear. In this movement the head of the stapes is slightly raised as well as

pressed inwards, and the upper margin of its base moves more than the lower.
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But the cavity of the inner ear is full of liquid ; and its walls are unyielding-,

except at the fenestra rotunda ; Avhen, therefore, the stapes is pushed inwards,

the secondary membrane of the tympanum, which blocks up the fenestra rotunda,

must be bulged outwards. When the membrana tympani retui'ns to its original

condition these movements are reversed. That the movement inwards of the incus

must closely accompany that of the malleus, is necessitated by the fact that the

lower margin of its articular surface has a well marked projection which catches

against the prominent border of the articular surface of the malleus (fig. 382, sp).

If, however, in consequence of increase of tension of the air in the tympanum,
the malleus should be moved too freely outwards, the incus need not follow that

movement to its full extent, but may merely glide over the smooth adjoining

surface of the malleus, and thus the danger that there would otherwise be of

forcibly dragging out the stapes from the fenestra ovalis is avoided.

The tensor tympani muscle, being attached near the base of the manubrium of

the malleus, draws the whole bone and the membrane inwards, tightening the
latter. Its action is opposed by the strong external ligament of the malleus.

The tensor tympani exerts but little rotating action upon the malleus. The action

of the stapedius muscle is obviously to draw the head of the stapes backwards,

in doing which the hinder end of the base of that bone Avill be pressed against

the margin of the fenestra ovalis, while the fore part will be withdrawn from
the fenestra.

The lining membrane of the tympanum.—The mucous mem-
brane of the tympanum is continuous with that of the pharynx through
the Eustachian tube, and is farther prolonged from the tympanum back-

wards into the mastoid cells. Two folds which cross the breadth of the

cavity descend from the part of the membrane which lines the roof.

The anterior fold turns round the tendon of the tensor tympani muscle
;

the posterior fold passes round the stapes. The malleus and incus are

invested by the lining of the outer wall of the cavity ; which forms
also prominent folds in front of and behind the neck of the malleus

;

these folds separating off a small pouch-like corner of the tympanic
cavity corresponding with the situation of the membrana flaccida.

Various other smaller folds are met with, and they for the most part

contain strands of fibrous tissue and sometimes osseous spicules.

The mucous membrane which lines the cartilaginous part of the

Eustachian tube resembles much the membrane of the jDharynx, with

which it is immediately continuous ; it is thick and vascular, is covered

by ciliated epithelium, and is provided with many simple mucous glands

which pour out a thick secretion : in the osseous part of the tube, however,

the membrane becomes gradually thinner. In the tympanum and the

mastoid cells the mucous membrane is paler, thinner, and less vascular,

and secretes a less viscid, somewhat yellow fluid. Between it and the

periosteum is a network of fibrous bundles, which are here and there

raised above the general surface, causing corresponding projections of

the mucous membrane. In various places on the interlacing bundles,

peculiar swellings occur of various sizes, which appear to be caused by
the superaddition of concentrically arranged fibres upon the smaller

bundles, and produce an appearance similar to that of miniature Pacinian

corpuscles (PoHtzer, Kessel). The epithelium in the tympanic cavity is

in part columnar and ciliated, but the roof, the promontory, the ossicula,

and the membrana, are covered with a simple layer of flattened non-
ciliated ceUs (v. Troeltsch).

Vessels and Nerves of the Tympanum.—Tlie arteries of the tympanum,
though very small, are numerous, and are derived from branches of the external,

and from the internal carotid.



jSTEEYES of the tympanum. 445

The fore jaart of tlie cavity is supplied chiefly by the tympamc hrancli of the

internal maxillaiy, which enters by the fissure of Glaser. The back part of the

cavity including the mastoid cells, receives its arteries from the sfijlo-mastoid

trancli of the posterior aimcular artery, which is conducted to the tympanum by
the aqueduct of Fallopius. These two arteries form by their anastomosis

a vascular circle round the margin of the membrana tympani. The smaller

ai'teries of the tympanum are, the jyctrosal hrancli of the middle meningeal,
which enters through the hiatus Fallojni, and branches through the bone/r()?w tliv

internal carotid artery, furnished from that vessel whilst in the carotid canal.

TTie veins of the tympanum empty their contents into the superior petrosal

sinus and the temporo-maxillary vein.

Nerves.—The tympanum contains numerous nerves ; for. besides those which
supply the parts of the middle ear itself, there are several which serve merely to

connect nerves of different origin.

The hning membrane of the tympanum is supplied by filaments from the
tympanic plexus, which occupies the shallow grooves on the inner wall of the
cavity, particularly on the sui-face of the promontory (fig. 37.5).

This plexus (fig. 383) is formed by 1st, the nerve of Jacobson from the

petrous ganglion of the glosso-pharyngeal ; 2nd, a filament connecting the

nerve of Jacobson with the carotid plexus of the sympathetic ; 3rd, a branch
which joins the great superficial petrosal nerve ; 4th and lastly, the small super-

ficial petrosal nerve, passing to the otic ganglion.

Numerous ganglion cells are found both in the uniting cords and also at the
points of junction of the plexus.

Fig. 383.

—

View of the tympanic PLExrs ^ig- 383,

OF Nerves (from Sappey, after Hirsch-

feld and Leveille).

6, spheno-palatine ganglion ; 7, Vidian

nerve ; 8, great superficial petrosal nen'e

;

9, carotid branch of the A^idian nerve ; 10,

part of the sixth nerve connected by twigs

with the sympathetic ; 11, superior cervical

ganglion of the sympathetic ; 12, carotid

branch ; 13, facial nerve ; 14, glosso-pharyn-

geal nerve ; 15, neiTe of Jacobson ; 16, its

twig to the sympathetic ; 17, filament to

the fenestra rotunda ; 18, filament to the

Eustachian tube ; 19, filament to the

fenestra ovalis ; 20, small superficial petro-

sal nerve ; 21, filament joining large

superficial petrosal.

The nerve of Jacobson (fig. 383, 1.5) enters the tympanum by a smaU foramen
near its floor, which forms the upper end of a short canal in the petrous portion

of the temporal bone, beginniug at the base of the skull between the carotid

foramen and the jugular fossa. The nerve from the carotid plexus is above
and in front of this, and passes through the bone directly from the carotid canal.

The branch to the great superficial petrosal nerve (fig. 383, 21) is lodged in a
canal which opens on the inner wall of the tympanum in front of the fenestra

ovalis. The small superficial petrosal nerve also leaves at the fore part of the
cavity beneath the canal for the tensor tympani.
The tensor tymiDani muscle obtains its nerve from the otic ganglion ; and the

stapedius receives filaments from the facial nerve.

The ell orda tijmjmni arising from the facial near the lower end of the aque-

duct of Fallopius, takes a recurrent course to the tympanum,which it enters by an
aperture in the posterior wall just below the level of the pyramid. From this place

it passes with a slight curve across the cavity near the outer boundary, and crossing

successively the posterior part of the membrana tympani, the handle of the malleus
near its neck, and the processus gracilis of the same bone, finally enters a small
canal in the bone close to the Glaserian fissure (fig. 374, ch). It is invested by the
fold of the lining membrane already mentioned as occurring in this situation.
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THE IWTERWAL EAR, OR LABYRIKfTH.
The inner, essential part of the organ of hearing, is contained in the

petrous portion of the temporal bone. It consists of a complex cavity

—

the osseous labyrinth—hollowed out of the bone, and containing the
membranous labyrinth.

The osseous labi/rinth is incompletely divided into three parts, named the
vestibule (fig. 384, 1), the semicircular canals (3, 4, 5), and the cochlea

(6, 7). They are Hned throughout by a thin periosteal membrane,
within which there is a clear fluid named perilymph, or liquor Cotunnii.
The membranous labyrinth being distinctly smaller than the bony

labyrinth, a space is left between the two, occupied by the perilymph
just referred to. The membranous structure is lined throughout by
epithelium, and at certain parts receives branches of the auditory nerve.

It contains a fluid named the endolymph.

THE OSSEOUS LABYRINTH.

The vestibxile forms a central chamber of the labyrinth, which
communicates in front with the cochlea, and behind with the semi-

circular canals. It is irregularly ovoidal in shape, measuring about -i-th

of an inch from before back but slightly less from without inwards.

The outer waH, which separates it from the cavity of the tympanum,
is perforated by the fenestra ovalis, which in the recent state is closed

by the base of the stapes.

At the fore part of the inner wall is a small round pit, the fovea
liemispherica (fig. 385, 2), pierced with many minute holes, which serve to

transmit branches of the rauditory nerve from the internal auditory

meatus. This fossa is limited behind by a vertical ridge named crista

vestibuli. Behind the crest is the small oblique opening of a canal, the

aqiiedud of the vestibule (fig. 385, 4), which extends to the posterior

surface of the petrous bone.

In the roof is an oval depression, placed somewhat transversely, fovea
hemi-elliptica (fig. 385, 1), the inner part of which is separated by the

crest from the hemispherical fossa.

At the back part of the vestibule are five round apertures, leading

into the semicircular canals : and at the lower and fore part of the cavity

is a larger opening, which communicates with the scala vestibuli of the

cochlea.

The semicircular canals are three tubes, situated above and behind
the vestibule, into which they open by five apertures, the contiguous

ends of two of the canals being joined. They are unequal in length,

but each tube is bent so as to form about two-thirds of a circle ; and is

moreover dilated at one end, the enlargement being known as the am-
pulla. The canals are compressed laterally, and measure about ^-^i\\ of

an inch across ; but the ampulla has a diameter of y^th of an inch.

The canals differ from one another in direction, in length, and in

position with re'gard to the vestibule. The stqjerior semicircular canal (fig.

384, 3, fig. 385, 5) is nearly vertical and lies transversely ; it rises higher

than any other part of the labyrinth, and its place is indicated by a smooth

arched projection on the upper surface of the petrous bone. The
ampullary end of this canal is the external and anterior, and opens

by a distinct orifice into the upper part of the vestibule ; whilst the

opposite extremity joins the non-dilated end of the posterior semicir-

cular canal, and opens by a common aperture with it into the back parfc
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of the vestibule (fig. 385, 3). The posterior semicircular canal (fig. 384,

5, fig. 385, 6), also nearly A'ertical, lies antero-posteriorly, but both it and

Fig. 384. Fig. 385.

Fig. 384.

—

Right bony labyrinth, viewed froji the outer side (after

Sommerriug). "^

Tlie specimen here represented is prej)ared by separating piecemeal the looser sub-

stance of the petrous bone from tlie dense walls which immediately enclose the laby-

rinth. 1 , the vestibule ; 2, fenestra ovalis ; 3, superior semiciixular canal ; 4, horizontal

or external canal ; 5, posterior canal ;
* * *, amjjullfe of the semicircular canals

;

^, first turn of the cochlea ; 7, second turn ; 8, aj^ex ; 9, fenestra rotunda. The smaller

figui-e in outline below shows the natural size.

Fig. 385.

—

View of the interior of the left labyrinth (from Sommerring).
-f

The bony wall of the labyrinth is removed superiorly and externally. 1, fovea

hemi-elliptica ; 2, fovea hemispherica ; 3, common opening of the suijerior and posterior

semicircular canals ; 4, opening of the aqueduct of the vestibule ; 5, the superior, 6, the

posterior, and 7, the external semicircular canals ; S, spiral tube of the cochlea (scala

tympani) ; 9, opening of the aqueduct of the cochlea ; 10, placed on the lamina spiralis

in the scala vestibuli.

the superior canal incline towards one another at their inner ends. The
posterior is the longest of the three tubes : its ampullary end is placed

Fig. 386.

—

Views of a cast of the interior of the labyrinth (from Henle). j

Such casts^ may easily be made in fusible metal, and give a very correct view of the
form of the different parts of the labyrinthic cavity. A, view of the left labyrinth from
the outer side ; B, the right labyrinth from the inner side ; C, the left labyrinth from
above

; s, the superior, jp, the posterior, and e, the external semicircular canals ; a, their
several ampullre

; r e, fovea hemi-elliptica of the vestibule ; rs, fovea hemispherica ; av,
aqueduct of the vestibule

; / o, fenestra ovalis
; / r, fenestra rotunda ; c, the coiled tube

of the cochlea
; c', the tractus foraminosus spiralis.
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at the lower and back part of the Testibule ; and the opposite end
terminates in the common canal above described. The external semi^
circular canal (fig. 384, 4 ; fig. 885, 7) arches horizontally outwards,
and opens by two distinct orifices into the upper and back part of the
vestibule. The canal is shorter than either of the other two : its ampulla
is at the outer end, above the fenestra ovalis.

The cochlea (fig. 384, 6, 7, 8), when cleared of the surrounding less dense
bony substance in which it lies embedded, appears in the form of a blunt
cone, the base of Avhich is turned towards the internal auditory meatus,
whilst the apex is directed outwards, with an inclination forwards and
downwards, and is close to the canal for the tensor tympani muscle. It

measures about J of an inch in length, and the same in breadth at the base.

Fig. 387. Fig. 387.

—

Osseous Labykinth of the barn owl (strix
flammea) (from Breschet). f

1, semicircular canals ; 2, vestibule ; 3, cochlea in the form
of a short straight tube.

It consists of a gradually tapering spiral tube, the

\v^_;-x '-' / inner wall of which is formed by a central column,

^\/(Dr\Y or modiolus (fig. 388, 1), around which it winds.

It is partially divided along its whole extent by a

spiral lamina (2), projecting into it from the

modiolus. From this osseous spiral lamina mem-
branous structures are in the recent condition

stretched across to the outer wall of the tube, and
thus completely separate two passages or scalce.

one on each side of the spiral lamina, which communicate one with
the other only by a small opening, named lielicotrema, placed at the apex
of the cochlea.

That the cochlea is justly to be considered as an elongated tube, coiled spirally

on the modiolus, is illustrated by the simple pouch.-like form of the rudimentary
cochlea of birds (fig. 387) as well as by the history of its development.

The spiral osseous canal is nearly l^ inch long, and about -^q inch in.

diameter at the commencement, where it is widest. From this point

the canal makes 2\ turns round the central pillar (from left to right in

the right ear, and in the opposite direction in the left ear, supposing the

Fig. 388. Fig. 389.

Fig. 388.

—

Diagrammatic view of the osseous cochlea laid open. \

1, modiolus or central pillar ; 2, placed on three turns of the lamina spiralis ; 3, scala

tympani ; 4, scala vestibuli.

Fig. 389.

—

View of the osseus cochlea divided through the middle.

(from Arnold). |

1, central canal of the modiolus ; 2, lamina spiralis ossea ; 3, scala tympani ; 4, scala

vestibuli ; 5, porous substance of the modiolus ; 6, end of the internal auditory meatus.
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cochlea viewed from the bass), and ends by an arched and closed ex-

tremity called the cupola, which forms the summit of the cochlea. The
first coil, having by far the most extensive cm've and being the largest

portion of the tube, nearly hides the second from view ; and, bulging

somewhat into the tympanum, forms the round elevation on the inner

wall of that cavity called the promontory.

The modiolus (columella cochlefe), the central pillar or axis of the

cochlea, is much the thickest within the first turn of the tube, rapidly

diminishing in size in the succeeding parts. Its central part is spongy
as far as the last half coil, and is pierced by many small canals, for the

passage of the nerves and vessels to the spiral lamina ; one of these

canals, larger than the rest, central canal of the modiolus, runs from the

base through the centre of the modiolus (fig. 389, 1).

The osseous spiral lamina is a thin, flat plate, growing from the modi-

olus, and projecting into the spiral tube, so as to divide it partly into

two. It does not reach farther than about half-way towards the outer

wall of the spiral tube. Close to the apex of the cochlea, it ends in a

hooMike process (hamulus), which partly bounds the helicotrema.

The lamina is thin and dense at its Iree edge ; but nearer the modi-
olus its internal structure is more open and spongy, and contains

numerous small canals for vessels and nerves, continuous with, but

running at right angles to, the canals in the modiolus. Winding round
the modiolus, in the base of the spiral lamina, is a small canal, named
the sjnral canal of the modiolus.

The scala tympani (fig. 388, 3), the portion of the tube on the basal

side of the lamina spirahs, commences at the fenestra rotunda, where in

the recent state it is separated from the tympanum by the secondary

membrane of the tympanum. Close to its commencement is the orifice

of a small canal (agueductus cochlear, fig. 385, 9), which extends down-
wards and inwards through the substance of the petrous bone to the

jugular fossa, to which it transmits a small vein. There is also a com-
munication through it between the scala tympani and the subarachnoid

space. The scala vestibuU (fig. 388, 4) is rather narrower than the scala

tympani in the first turn of the cochlea ; it commences from the cavity

of the vestibule, and communicates, as already described, with the scala

tympani at the apex of the modiolus.

THE MEMBRANOUS LABYEINTH.

Within the osseous labyrinth, and separated in most parts from its

lining membrane by the perilymph, membranous structures exist in

which the ultimate ramifications of the auditory nerve are spread. In
the vestibule and semicircular canals these structures have a general re-

semblance in form to the complicated cavity in which they are contained.

They do not, however, lie loose within the osseous cavity, but along the
convex border of the canals, and at the places of entrance of the nerves
into the vestibule and ampullse are fixed to its wall. In the cochlea

the membranous structures complete the septum between the scalse

already mentioned, and enclose an intermediate passage, the membranous
canal of tJie cochlea. As before stated, the liquid contained within the

membranous labyrinth is distinguished as endolymph.

The cavity wMch contains the perilymph comnmnicates through the sheath of
the auditory nerve with both the subdural and subarachnoid spaces.

Vestibule.—Within the osseous vestibule are two membranous sacs,
VOU II. . G G
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the one of which, termed the utricle, is connected with the semicircular

canals, whilst the other, the saccule, is connected with the cochlea. These
two sacs although ia close contact do not open directly into one another

although they are in indirect communication, in a manner presently to

be explained.

The larger of the two sacs, the common sinus or utricle (fig. 390, u),

is of an oblong form, slightly flattened from without inwards. It is

lodged in the upper and back part of the vestibule, occupying the fovea
hemi-elliptica and the space immediately below this. Opposite the crista

vestibuli several small branches of the auditory nerve enter from the

Fig. 390. Fig. 390.

—

Plan of the ktght meji-

BRAKOUS LABYRINTH VIEWKD FROM
THE MESIAL ASPECT (E A.S.) 2\.

u, utricle, with its macula and the
three semicircular canals with their

ampuUte ; s, saccule ; aq. v. aqueductus
vestibuli ; s. e. saccus endolymphati-
cus ; c. r. canalis reuniens ; c. c. canal

of the cochlea.

foramina in the bone ; and here

the walls of the common sinus

are thicker and more opaque
than elsewhere {macula aaisfica). A small mass of calcareous pai'ticles

{otoliths or otoconia) lies within the sac, attached to its walls at this place.

These otoliths are crystals of carbonate of lime, rhombic, octahedral, or

six-sided, often pointed at their extremities.

The ends of all the membranous semicircular canals open into the

utricle.

The small vestibular vesicle, the saccule (fig. 390, s), is more nearly

spherical than the common sinus, but, like it, 15 somewhat flattened. The
saccule is situated in the lower and fore part of the cavity of the osseous

Fig. 891. Fig. 391.

—

Membranous labyrinth and
NERVOUS TWIGS DETACHED, MAGNIFIED
(Breschet).

7i', facial nerve in the meatus auditorius

iuLernus ; I, anterior division of the audi-

tory nerve giving branches, o, m, n, to the

utricle and the ampuUse of the superior

and external canals ; I', vestibular division

of the auditory nerve, giving a branch, q, to

the saccule, another to the posterior am-
pulla, q, and a third (?•) to the cochlea, r

;

a, b, c, ampulla of the superior, external,

and posterior semicircular canals respec-

tively ; d, the united part of the superior

and posterior canals ; e, the macula of the

utricle
; /, the saccule.

vestibule, close to the opening from
the scala vestibuli of the cochlea, and
is received into the hollow of the

fovea hemispherica, from the bottom

of which many branches of nerve enter it, and here there is a similar

macula in its wall. It also contains a small mass of otoliths.
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The saccule is connected with the membranous canal of the cochlea

by means of a short narrow canal, the canalis reuniens of Hensen {c. r.).

There is also a minute canal, lined with epithelium, which passes from
the utricle along the aqueductus vestibuli to end iDlindly in a dilated

extremity (saccus endo-lymphaticus {s.e.) ) on the posterior surface of the

petrous bone just below the orifice of the aqueduct and lying in the

tissue of the dura mater. This canal is joined near its origin by a small

tube from the saccule, so that in this way the cavity of the saccule is

brought into communication with that of the utricle (Boettcher).

Semicircular Canals.—The membranous semicircular canals
are from one-third to one-fifth the diameter of the osseous tubes in which
they are lodged, and are dilated into ampuUse within the ampullary en-

largements of those tubes. In section they are oval or somewhat elliptical

(fig. 392). At the ampuUse they are thicker and less translucent than

in the rest of their extent, and nearly fill their bony cases. That part of

each which is towards the concavity of the semicircle of the canal is free ;

whilst the opposite portion is fixed to the wall of the bony canal ; in the

ampulla this part is flattened and receives branches of nerves and blood-

vessels, and on its inner surface is a transverse projection, (crista acustica)

which partly divides the cavity into two.

Auditory nerve.—Within the internal auditory meatus the auditory

nerve divides into two branches, which, broken up into minute filaments,

pass through the perforations of the cribriform plate which separates the

meatus fr'om the internal ear, and are distributed respectively to the

coclilea and vestibule. In both branches, as well as in the trunk, there

are numerous nerve-cells. The superior division (fig. 391, Z), which
is at first also anterior in position and is separated by a crest of

bone from the other division below it, gives off three branches, which
proceed respectively to the utricle and the ampullae of the superior and
external semicircular canals, entering the vestibular cavity in a group
along the crista vestibuli. The inferior division on the other hand (J),
which is at first behind as well as below the vestibular division, gives

off, besides the numerous fibres which enter the cochlea by the tractus

foraminulentus, a branch for the saccule—which enters the vestibule

by a, small group of foramina, which open at the bottom of the fovea

hemispherica—and the branch for the posterior semicircular canal

which is long and slender, and traverses a small passage in the bone
behind the foramina for the nerve of the sacculus. The nerves of the

ampullge enter the flattened or least prominent side of the lampullEe,

where they each form a forked swelling, which corresponds with the
crista acustica, in the interior of the dilatation. No nerves have been
found extending to any other parts of the semicircular canals.

Vessels of tlie labyrinth..—The internal auditory artery, a branch of the
basilar, accomioanies the auditory nerve in the internal auditory meatus, and
divides into branches for the vestibule and cochlea. Those of the vestibule supply
the membranous labyrinth and the endosteum, and small vessels ensheathed by
fibrous tissue pass across the cavity containing the perilymph. The blood is chiefly

collected into the internal auditory veins which accompany the artery and open
into the inferior petrosal or the transverse sinus, but some is conveyed to the
inferior petrosal sinus by fine veins in the aqueductus vestibuli.

Structure of the membranous labjrrintli.—Three layers can
be distinguished in the membranous walls of the semicircular canals, an

G G 2
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Fig. 392.

Fig. 392.

—

Section of one of the human semicikcular canals (Riidinger).

Magnified.

1, osseous wall ; 2, fibrous bands witli included blood-vessels, united at 3 with the
periosteum ; 4, membranous canal with its three layers ; 5, short fibrous bands (with

intervening spaces) uniting the membranous canaJ firmly to the periosteum ; 6, union of
its outermost layer with the periosteum.

Fig. 393.

Fig. 393.

—

Section of membranous semicikcular canal, much magnified (Riidinger).

1, outer fibrous layer ; 2, tunica propria ; 3, 6, papilliform projections with epithelial

covering
; 5, fixed side of the canal, with very thin tunica propria without paidllse ;

7, fibrous banfis passing to periosteum.
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outer fibrous stratum, an inner epithelial lining, and between the two a
tunica propria. These layers are not of equal thickness throughout, for

along the side which is in contact with and supported by the bone
(fig. 392, 6), they are thinner than at the rest of the circumference,

where they lie free and are bathed by the perilymph. The difference in

thickness affects the fibrous layer and the tunica propria only, for the

epithelium forms tln'oughout a lining of simple flattened cells.

The Jil>iV2(s laijer (fig. 392, 1), which contains some irregular pigment-
cells, is apparently composed of ordinary fibrous tissue, similar to that

of the periosteum, with which it becomes continuous at the parts

where the two structures are in contact. It is especially developed at

the ends of the oval section, whence well-marked bauds of fibrous

tissue pass to the periosteum (fig. 392, 7). More delicate bands of

fibrous tissue traverse the perilymph to become connected with the peri-

osteum of the opposite Avail of the canal (fig. 392, 2), Both along these

bands and also more directly from the contiguous periosteum, numerous
small blood-vessels pass into the fibrous layer and there break up into a

coarse capiUary network, the branches of which do not, in man, pass into

the tunica propria.

The tunica propria is a clear membranous structure continuous

around the whole tube, although thinning off very much opposite the

part where the membranous canal is in contact with the bone (fig.

393, 5). Externally it is not very distinctly marked off from the fibrous

coat : internally it has a number of papilHform eminences (fig. 393, 3,

6,) which project into the interior of the canal except at the thinnest

part (Eiidinger).

The epithelial lining takes the form of a complete layer of flattened

cells, which in the human semicircular canals are of the same nature

tlnroughout.

In many of tlie lower animals—bii-ds and fishes—some of these lining cells are

columnar, while in one species of fish, (Salmo hucho), as described by Rlldinger,

a tract along the whole length of each canal becomes developed mto two rows of

rounded cells, from each of which a long filament extends to the waU of the
canal in a direction transverse to the axis.

The meaning of these modifications of structure is unknown. No nerves have
hitherto been seen proceeding to the parts in question ; but they apparently

represent the much more developed peculiarly modified epithelium which, as we
shall immediately see, is found in the ampuUse and in the saccule and utricle

opposite the parts where the branches of the auditory nerve enter, and which,

receives the ultimate terminations of those nerves.

The ampullse, as weU as the saccule and utricle, agree generally in

structure with the semicircular canals : but at the part Avhere they are

connected to the osseous wall the fibrous outer layer is looser, and the

tunica propria is much thickened, and in the ampuU^e projects into

the cavity as the septum transversum or crista acustica, before mentioned.

Through the substance of this thickening the nerve-fibres pass to the

edge of the ridge, and over it the epithelium is of an elongated columnar
form (fig. 394), and is surmounted by long, conical, gradually tapering

filaments (auditory hairs {h) ), which project stiffly into the cavity.

These hairs are borne by the columnar epithelium-cells, a single hair

projecting from each cell, but under the influence of reagents they are

apt to become broken near the base, and this splits up into fine fibrils

which then appear as a bunch of cilium-hke filaments attached to the
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free border of the cell (fig. 395, h, lb). The colnmnar cells, or hair cells,

do not extend down to the basement membrane, but terminate short of

this in a somewhat pointed extremity. They are directly connected by
this extremity with branches of the nerve-fibres which penetrate into the

epithelium (fig. 395, n). This connection has been described by Eetzius

in reptiles and there is little doubt it obtains in all vertebrates.

Fig. 394.

Pig. 394.

—

Longitudinal section of an ampulla theotjgh the
Semi-diagrammatic (E.A.S.).

CRISTA ACUSTICA.

amp, cavity of the ampulla ; sc. c, semicircular canal opening out of it ; c, connective

tissue attached to the wall of the membranous ampulla and traversing the perilymph ;

c e, flattened epithelium of ampulla ; h, auditory hairs projecting from the columnar cells

of the auditory epithelium into the cupula, cv}}- term. ; v, a vascula stria marking the

limit of the auditory epithelium on the crista ; n, nerve-fibres entering the base of the

crista and passing into the columnar cells.

Between and beneath the columnar cells other cells are met with of

a different character. They take the form of long and comparatively

rigid fibres {fihre-cells of Eetzius) which extend thi'ough the Avhole

thickness of 'the epithelium, and are provided at one part of their

course with a nucleated enlargement. This is always placed below the

columnar cells, and in many it is close to the central end of the fibre.

The fibres, Avhioh are probably sustentacular in function, like the fibres

of Miiller in the retina, expand slightly as they approach the free sur-

face, and appear to become attached to a cuticular structure which
encloses the ends of the hair-cells and is thus comparable to the reticu.lar

lamina of the cochlea (Urban Pritchard). On the other hand the fibres

are set by their central ends upon a limiting membrane which bounds
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the epithelium next to the tunica propria, and which appears in section

as a fine but well-marked line.

The limits of the auditory epithelium at the sides of the crest appeal- to be marked,

at least in the human ampullse, by a prominent vascular stria (fig. 394, r) (E.A.S.).

Fig. 395.Fig. 395.

—

Auditory EPiTHELitrji from the macula
ACUSTICA OF THE SACCULE OP A REPTILE (Retzius).

Highly magnified.

cc, columnar cells
; //, fibre-cells ; n, nerve-fibre,

losing its medullary sheath and passing to terminate in

the columnar auditory cells ; ?i, auditory hair ; h', base

of auditory hairs, split up into fibrils.

The auditory hairs were first noticed by Mas
Schultze, and were believed at first to be connected

with the elongated cells and not vfith those of a
columnar shape. Their true relations were pointed

out by Retzius, and in this matter my own observa-

tions, in the fish and in man, entirely coincide with

his. '\Mien the cells are isolated after preservation

in osmic acid, the separated columnar cells are alone

surmounted by auditory haii's, whereas the elongated

intermediate cells are not provided with auditory

filaments. Urban Pritchard has rightly figured

hese sustentacular cells in the cat as expanding
into the so-called reticular lamina, but his descrip-

tion of their continuity with auditory filaments is not borne out by subse-

quent investigations. It is worthy of note that the auditory hairs do not
project freely into the endolymph of the ampulla, but into a soft material which
takes a dome-like shape (cupula terminalis, Lang), and appears to possess an
indistinctly fibrillar structure. It is not possible therefore to suppose that the
hairs can be set in vibration singly, but whatever movements are communicated
to the endolymph, must affect the whole cupula and all the hairs embedded
in it (E.A.S.).

The foregoing desci-iption, although referring more particularly to the characters

of the epithelium and mode of nerve-distribution in the cristse acusticse of the
ampulla3, is equally applicable to the maculaB acusticaj of the saccule and utricle.

The nerves which are supplied to the macula3 seem, however, to spread out more
than those to the ampulte. As before mentioned, both saccule and utricle

contain in their cavity and lying in contact with the nerve-epithelium a little

mass of otoliths, which, however, do not float free in the fluid, but appear
imbedded in a soft matrix which again may be enclosed in a delicate cuticular

investment. Otoliths are also found scattered here and there in the ampuUte and
semicircular canals.

Cochlea.—The membranous cochlea resembles the membranous
semicircular canals just described in consisting of a tube, lined by
epithelium and containing endolymph, partly surrounded by a clear

space containing perilymph, but it difiers from them both in shape and
n the modifications presented by its epithelial lining. In macerated
specimens, the two parts into which the osseous tube of the cochlea is

divided are, it will be remembered, only imperfectly separated by the

osseous spiral lamina which projects from the columella ; but in the'

fresh specimen the tube is separated completely into three distinct parts

by means of two membranes, which extend along its whole length (figs.

396 to 398). In the first place the lamina spiralis is directly prolonged
by a comparatively strong, well-marked membrane, the basilar membrane
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(fig. 398, I), which stretches straight across to the outer wall of the

cochlea, and is here connected to an inward projection of the lining peri-

osteum and sub-periosteal tissue known as the spiral ligament (Isp).

The basilar membrane thus helps to complete the upper* limi*- of the

Fig. 397.

Fig. 396.

—

Left cochlea op a child some weeks old (Reicherfc). f

The drawing was taken from a specimen wliich had been preserved in alcohol, and was
afterwards dried ; a section is made so as to show the lamina spiralis, scalte, and
cochlear canal in each of the three coils : the membranous spiral lamina is preserved, but
the appearances connected with the organ of Corti, &c., have been lost from drying,

/ r, fenestra rotunda with its membrane ; s t, scala tympani ; s v, scala vestibuli ; I s,

lamina sjjiralis ; h, hamulus ; c c, canalis cochlea ; d, opening of the aqueductus
cochlem.

Fig. 397.

—

Vertical section of the cochlea op a pcetal calf (Kolliker). f

In this specimen the external wall was ossified, but the modiolus and spiral lamina
was still cartilaginous ; the section shows in each part of the cochlear tube the two
scalse with the intermediate canalis cochlea and lamina spiralis.

scala tympani (ST), but does not properly speaking enter into the lower

boundary of the scala vestibuh, for a second, much more delicate mem-

Fig. 398. Fig. 398.

—

Section through one
op the coils of the cochlea,
diagrammatic (altered from
Henle). sf

S T, scala tympani ; S V, scala

vestibuli ; C C, canalis cochleos ; R,
membrane of Reissner forming its

vestibular wall -jlso, lamina sj)iralis

ossea ; lis, limbus laminse spiralis

;

s s, sulcus si^iralis ; n c, cochlear

nerve ; (/ s, ganglion spirale ; t,

membrana tectoria ; h, membrana
basilaris ; o, rods of Corti ; I s p,
ligameutum spirale.

' To avoid repetition it may here bo stated that for convenience sake the cochlea
is considered in the present description as having its larger part or base lowermost, and
the domed extremity uppermost, although of course this is far from being the relative

position of the parts whilst within the body. Moreover, i^arts nearer the columella are
spoken of as inner ; parts nearer the external wall as ouUr.
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brane, known as the membrane of Reissner (R) passes from the upper

part of the lamina a httle distance from its end, and stretches obhquely

upwards and outwards, also to become connected with the lining peri-

osteum. The oblique direction of the membrane of Eeissner causes a

triangular space to be shut off between it and the basilar membrane,
which is bounded externally by the outer osseous wall of the cochlea

lined by periosteum : and this space, extending throughout the whole

length of the osseous tube, and lined throughout by an epithelium

variously modified in different parts, is known distinctively as the cmial

of the cochlea, canalis memlranaceus, or ductus coclilearis (figs. 397, 398,

CC, fig. 400, DC). It terminates in a blind pointed extremity at the

apex, and another at the base. That at the apex, extending beyond
the hamulus, is fixed to the wall of the cupola, and partly bounds the

hehcotrema ; that at the base fits into the angle at the commencement
of the osseous spiral lamina in front of the floor of the vestibule. Near
to this blind extremity the canal of the cochlea receives a small canal,

lined with epithelium, canalis reuniens (Hensen), which is continued

from the saccule of the vestibule like the neck of a flask, and enters the

canal of the cochlea abruptly nearly at a right angle (fig. 390, cr). The
cavity of the canal of the cochlea is thus rendered continuous with that

of the saccule. The structures which are found upon the floor of this

spirally-wound triangular canal of the cochlea claim more particular

attention, for it is to them that the branches of the cochlear nerve are

distributed, and upon them the function of the cochlea as a part of the

auditory apparatus appears more especially dependent.

The floor itself of the cochlear canal is formed of a narrow portion of

the spiral lamina external to the membrane of Eeissner, and of the basilar

membrane. In the macerated specimen this part of the lamina thins off

gradually to a fine edge like the blade of a knife, but in the recent con-

dition (fig. 398, Us) it retains its thickness for some distance (or even

exhibits a shght increase), and then abruptly terminates with a border

which in section is C-shaped, with the lower limb of the C much more
prolonged and tapermg than the upper. The lower limb is in fact the

section of the end of the osseous lamina, together with a thin mem-
branous layer which covers it, and which is directly prolonged into the

basilar membrane. This membrane, as well as the whole thickened

upper part of the edge of the spiral lamina, not being ossified, disappears

in the process of maceration. The thickened part (fig. 398, Us), mth its

somewhat overhanging, crest-like end (fig. 400, Gr), is known as the

limbus of the spu'al lamina, and the groove which it overhangs, and
which in section is represented by the bay of the C, is known as the

S])iral groove (fig. 398, ss, fig. 400, S. sjj. i).

The tissue of which the limbus is composed seems to be a form of

connective tissue. Towards the under and inner part there are numerous
corpuscles, and the texture is fibrous, but above and near the crest few
or no connective tissue corpuscles are met with, but the tissue has a

colunmar aspect with somewhat regularly arranged nuclei. The fibriUated

tissue is prolonged, as just intimated, beyond the osseous lamina, into

the basilar membrane. Near its termination, close to the junction with
the basilar membrane, it is perforated with a number of regularly-arranged,

elongated apertures (fig. 399,^), which serve for the transmission up-
wards of the nerve-fibres. The latter, in their course from the spiral

ganghon to the auditory epithehum, are lodged, as far as this, in canals
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ill tliG lower osseous part of the spiral lamina. Their arrangement will

be afterwards more fully described.

When the limbus is viewed from above, the edge is seen to present a

succession of tooth-like projections (fig. 399, Cr), which give it a jagged

aspect. These projections are continued as flattened eminences a short

distance on the upper surface of the limbus, which is, therefore, not

smooth, at least near the edge, but marked in this way with eminences

and intervening furrows. Nearer the line of origin of the membrane of

Eeissner, it becomes smoother, and here, too, its epithelial covering,

which is directly continuous with that of the under surface of Reissner's

membrane, is evenly distributed ; whereas at the crest itselfthe epithelial

cells are, in the adult, only found in the furrows : so that the tooth-like

prominences project between the rows of epithelium into the cochlear

canal. Immediately below the overhanging projections, the epithelium

again forms a layer which lines the spiral groove, and is continuous

externally with the specialized cells, presently to be described as forming

the organ of Corti.

The basilar membraue stretches, as before mentioned, straight

between the osseous lamina and the spiral ligament, and separates the

canal of the coclilea from the scala tympani. It increases in breadth,

at first rapidly but afterwards more gradually, fi^om the base to the

apex of the cochlea, while the breadth of the osseous spiral lamina

diminishes. Thus in the first turn of the cochlea, this membrane forms

about half of the breadth of the septum, meaning about 0.041 mm. ; but

Yi". 399

Fig. 399.

—

Semi-diagrammatic a'Iew of part op the basilar membrane and tonxel
OP CORTI OF THE RABBIT, FROM ABOVE AND THE SIDE. MucL magnified. (E.A.S.)

Z, limbus ; Cr, extremity or crest of limbus witli tooth-like projections ; h h, basilar

membrane ; sp.l, spiral lamina with, p, perforations for transmission of nerve-fibres.

In the lower half o\ the jjart of the spiral lamina here represented the nerve fibres are

left, and are supposed to be seen through the upper layer of that lamina, converging to

three of the perforations ; below, in the section of the lamina, they are shown occupying

a canal, or cleft, in the osseous substance ; i.r, fifteen of the inner rods of Corti

;

h.i, their flattened heads seen from above ; e.r, nine outer rods of Corti ; h.e, their

heads, with the phalangeal processes extending outward from them and forming, with
the two rows of phalanges, the lamina reticularis, I.r. On the left of the figure the con-

nective tissue fibres and nuclei of the undermost layer of the basilar membrane are

seen through the upper layers. Portions of the basilar processes of the outer hair-cells

remain attached here and there to the membrane at this part.
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towards the apex of the cochlea, the proportion between the two parts is

changed, until, near the hehcotrema, the membranous j^art is left almost

unsupported by any plate of bone, measuring as much as O'iOS mm., or

about twelve times as much as at the base (Hensen). The exact nature of

the tissue composing the proper substance of the membrane is unknown,
but it is probably analogous to that composing the rods of Corti, to be
afterwards described. It is somewhat stiff in consistence, and may
readily be broken up into straight fibres which have a radial direction,

corresponding with a striation which the membrane, especiaUy its outer

part, presents when viewed on the surface (fig. 399). Externally at its

attachment to the spiral hgament, it breaks up into diverging fibres,

which spread into that projection. On the upper surface of the mem-
brane is the ej)ithelimn which forms the organ of Corti, and the single

layer of cells which is continued from this externaUy (fig. 400) : on the

under surface it is covered by a layer of connective tissue (often de-

scribed as part of the membrane), the fibres of which have a direction

parallel with the sphal, and across that of the fibres of the membrane
proper. There are numerous intermixed spindle-shaped corpuscles in

this tissue, which is in continuity with the lining periosteum of the

scala tympani (fig. 399). Small blood-vessels are found in it, but
as a rule extending only over the inner part of the membrane. They
are usually terminated by a rather larger longitudinally rmining vessel,

situated opposite the outer rods of Corti, and known as the vas spirale.

The membrane of Reissner (figs. 398, 400, R), separates the scala

vestibuli from the canal of the cochlea. It is composed of an exceedingly

dehcate layer of connective tissue continuous with the lining periosteum

of the scala vestibuli, and is covered on the surface which is turned to

the cochlear canal with a simple pavement epithelium which is in con-

tinuity below mth the epithehum of the limbus and above with that

lining the outer wall of the canal (fig. 400). The cells have each a
circular flattened nucleus, and not unfrequently contain fat droplets.

The vestibular side of the membrane of Eeissner is quite smooth, and is

covered with an epithelioid layer of flattened connective-tissue cells,

distinguishable from the epithelial cells on the other side by their

gTeater delicacy of outline, and their larger size. A few blood-capil-

laries are continued into the membrane from the neighbouring
periosteum.

Outer wall of the cochlear canal.—The periosteum which lines

the scala vestibuli and scala tympani, consists of ordinary connective
tissue. There is no continuous lining of flattened cells on the fi'ee

surface, such as covers the surface of serous membranes. On the

other hand the periosteum which bounds the canal of the cochlea
externaUy, is much thickened by a development of retiform connective
tissue, and is covered by the epithelium of that tube, which here forms a
single layer of cubical or columnar cells, many of which contain pigment.
There is usually a shght inward projection a little above the spiral hga-
ment, containing a prominent blood-vessel (fig. 400, L. sj). a). In the
tract between this prominence and the membrane of Eeissner, the sub-
stance of the periosteum is also fr-equently pigmented, and from con-
taining large and numerous blood-vessels, the capihary loops of which
may even project between the bases of the epithelium-cells, is termed
stria vascularis (St. v.). Immediately beneath the epithelium of the
outer waU is a basement membrane, through which, in section, cell-
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processes may here and there be seen passing into the epithelium from
the subjacent connective tissue.

The spiral ligament (fig. 400, Lsp) appears in section as a tri-

angular prominence attached to the outer wall of the coclilea, with the

basilar membrane prolonged from its apex. It is composed of a retiform

connective tissue, many of the cells of which have an elongated shape

and radiate from the point of attachment of the basilar membrane.
They have been considered by some to be muscular, but there is no
distinct proof of their contractile nature.

Fig. 400.

Fi?. 400.- -Vertical section of the first turn of the cochlea of a child a
TEAR AND A HALF OLD. 100 DIAMETERS (Walcleyer).

SV, scala vestibuli ; ST, scala tympani ; DC, duct or canal of the coclilea; L.sp.o,,

L.sp.o„, vestibular and tympanal layer of the osseous spiral lamina with the stratum of

nerve-fibres, N, between ; a, a, outer bony wall of the cochlea ; h, h, and d, periosteum
;

e, e, connective tissue thickening forming at L.Sp. the spiral ligament; St.v., stria

vascularis ; L.Sp. a, prominence known as the accessory spiral ligament, containing a

spirally running blood-vessel, the vas prominens ; S.sp.i., spiral groove (inner) ; S.sp.e.,

so-called external spiral groove ; R, R^, section of Reissner's membrane, the middle part

indicated only by a dotted line ; from R to Cr., limbus laminse spiralis ; M.t., membrana
tectoria, somewhat raised up from its natural position

; f—p, organ of Corti
; /, nerves

turning up to enter epithelium
; g, inner hair-cell region ; h, region of the outer hair-

cells ; I, basilar membrane underneath rods of Corti.
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Okgan of Corti.—The epithelium which coTers the basilar mem-
Draue requires a careful description, including as it does the higlily-

specialised structm-es which are kno^vn by the name of the organ of

Corti. The central part of this apparatus is formed by two sets of stifi",

rod-like bodies—the inner and outer 7'ods of Corti (figs. 401, 402)

—

Fig. 401.

—

Section of the okgan of corti of the dog (from Waldeyer). ^^^.

a, a', end of spiral lamina ; h, c, middle (homogeneous) layer of the basilar membrane

;

u, vestibular (striated) layer ; v, tympanal (connective tissue) layer ; d, blood-vessel ;

f, nerves in spiral lamina ; g, epithelium of spiral groove ; h, nerve-fibres passing towards

inner hair-cells, i, h ; I, auditory hairlets on inner hair-cells ; I, I', lamina reticularis
;

m, heads of the rods of Corti, jointed together ; the inner rod is seen in its whole length
;

the outer one is broken off half way, and the next one comes into view ; n, cell at base of

inner rod ; p, q, r, outer hair-cells ; s, a cuticular process extending upwards, and pro-

bably belonging to a cell of Deiters ; t, lower ends of hair cells ; two of them are attached

by cuticular processes to the basilar membrane ; w, a nerve-fibrU passing into an outer

hair-cell ; z, a sustentacular cell of Deiters.

which stand upon the basilar membrane, the outer series (e.r.), at some
little distance from the inner {i.r.), and are inclined towards each other,

coming in contact above. In this way each pair of rods forms a pointed

arch with slanting sides (fig. 402), and since the rods of each series are

Fig. 402. Fig. 402.—A PAIE OF HODS OP

CORTI, FROM THE RABBIT's

cochlea, in side view. (e.a.s.)

Highly magnified.

h, i, basilar membrane ; i.r,

inner rod ; e. r, outer rod. The
nucleated protoplasmic masses at

6 the feet are also shown.

in lateral juxtaposition, the double row of inchned columns forms a

tunnel (fig. 399) along the whole extent of the cochlear canal.

On the inner side of the inner series of rods is a row of epithelial cells

(fig. 401, *), which are surmounted by a brush of fine, short, stiff hairlets,

and external to' the outer rods are three or four successive rows of similar
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but more elongated cells {p, q, r). These cells are termed respectively
the inner and ouier hair-cells. The hairlets of the outer hair-cells pro-
ject through apertures in a curiously formed cuticular membrane, termed
the reticular lamina (399, I. r.), which covers this part of the organ of
Corti like a wire net. On either side of the two sets of hair-cells the
epithelium, becoming gradually shorter, passes continuously into the
simple layer of cubical cells which is found in the spiral groove and on
the lateral part of the basilar membrane.
The whole organ is further covered by a thick, fibrillated membrane

—the tectorial membrane (fig. 400, if.;!.)—which is attached at one edge
to the upper surface of the limbus, falls over the crest, and rests on the
rods of Corti and the hair-cells, thus converting the spiral groove into
a canal. It will be necessary to describe more minutely these several
parts of the organ of Corti.

Rods of Corti.—The inner and outer rods of Corti differ from one
another in shape, although agTeeing, for the most part, as regards the
details of their structure. Each inner rod may be best compared in
shape to a human ulna, the upper end of the rod being pretty accm-ately

Fig. 403.

Fig. 403.

—

Pkofile view op an inner and an outer eod in connection with
THREE HAIR-CELLS, AND PART OP THE LAMINA KETICULARIS (FKOM THE GUINEA-
ig). (E.A.S.") Very hiqhlt magnified.

i.r, inner rod ; e.r, outer rod ; A,, h„, h^, hair- sells of first, second, and third rows
respectively. They appear, especially the second and third, narrow in the middle, the thin

edge of the riband-shaped cell being here seen, but below have become accidentally twisted

so that the flattened side is brought into view. A nucleus is visible in /tj, but none is seen in

h^, /ij, probably owing to its being contained in the part of the cell the edge of which is

turned towards the observer. The lower ends of all three, together with their basilar

processes, have become broken off fn the preparation of the specimen ; s, one of the suc-

ceeding epithelial cells ; c, cuticular thread attached to lamina reticularis, and probably
belonging to a cell of Deiters

; p, phalangeal process of outer rod ; p^, p^, phalanges of

lamina reticularis seen in section.
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represented by the upper extremity of that bone, the shape of the ole-

cranon and coronoid processes, as well as the concave articular surface

between, being readily recognisable. The upper end of one of the outer

rods, on the other hand, somewhat resembles the outline of a swan's

head ; the rounded part, which represents the back of the head, fitting

into the concave surface on the head of the corresponding inner rod or

rods, while the part which represents the bill projects outwards and is

connected with the reticular lamina, aiding to form the first series of

rings for the transmission of the auditory hairlets. Both inner and
outer rods are more slender about the middle of their length and expand
again below, so as to rest upon the basilar membrane by a somewhat
widened foot. They are distinctly striated throughout their length

(fig. 403), and the striation or fibrillation passes into that of the basilar

membrane, to which they are thus intimately connected (fig, 399).

This is especially well seen in the outer rods.

In the head of the outer rod is an oval part free from fibres, and staining with
carmine more deeply than the remainder of the rod : this may represent the
nucleus of an epithelial cell from which the rod was originally developed. A
similar, but smaller clear body, staining deeply with carmine, is sometimes to be
seen in the head of the inner rod, and the substance of the rod in its neighbour-
hood has a somewhat granular appearance (fig. 403).

In connection with both inner and outer rods, there is seen a proto-

plasmic cell occupying the angle which the rod makes with the plane of

the basilar membrane (fig. 402). Sometimes these cells extend along the

membrane until they come into contact.

The inner rods are more numerous than the outer ;
* they are also more

closely set and touch one another along their whole length, whereas the
outer rods are only in contact lateraUy by their heads ; finally the outer

rods are in all parts longer than the inner, and in the upper turns of the

cochlea considerably so.

How the two sets of rods are jointed together is not very clear. It is certain
that the individual rods have little, if any, independent movement ; they are
securely fixed below to the basilar membrane, and the heads of adjacent rods are
in close contact.

Hair-cells.—The inner Jmir-cells are closely applied against two
or three of the corresponding rods, the cells being considerably larger

in diameter_ than the rods. They are very like somewhat short,

columnar epithelium-cells, and are prolonged below into a process, or it

may be more than one, which, according to Waldeyer, is directly connected
to one of the nerve fibres which turn up through the spiral lamina just

below these cells (fig. 401). Beneath them, and extending also under
the gradually decreasing columnar epithelium of the spiral groove, is a
layer of protoplasmic cells with large round nuclei, amongst which fine

nerve-fibres are said to run in a radial direction. Around the top of each
inner hair-cell is a sort of ring of cuticular substance, which is connected
Avith shght projections on the flattened heads of the inner rods, and
appears to represent the reticular lamina in this place.

The outer Juiir-cells are peculiar in shape. They are cylindrical at
the upper end, where they fit into the rings of the reticular lamina and

* According to Waldeyer there are altogether in the human cochlea about 6000 of the
inner rods and 4500 of the outer ones.
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Ibear the hairlets, but lower down they are flattened from within out, so

that, in profile, they look narrow, but broader when seen on the flat

(fig. 403). These cells end below with a rounded extremity (fig. 404, h)

shghtly bulged to one side, whilst from the other side a thin cuticular

Fig. 404. Fig. 404.

—

Four outer hair-cells in connection with their
BASILAR PROCESSES. FrOJI THE GUINEA-PIG. HiGHLY MAG-
NIFIED. (E.A.S.)

The cells belong to the same series and are viewed flat, h,

one or two hairlets which have remained attached ; h, bulged
lower end of cell

; p, basilar process, protoplasmic above but
becoming cuticular below and slightly expanded at the extremity

/, which is broken away from the basilar membrane.

process
( j;) is prolonged which is fixed to the basilar

membrane (basilar process). Beneath the hair-cells

and resting by a broad base upon the basilar mem-
brane, certain other cells are found which are known
as the cells of Deiters (fig. 401, z). These extend

upwards for a certain distance between the lower

ends of the hair-cells, and each one is then prolonged

towards the surface by a fine cuticular process, which
is attached above to one of the so-called phalanges of the reticular

lamina, and is known as the phalangeal process.

Hensen describes a clear oval capsule with a spiral fibre wound around it, oc-

cupying the part of the cell next to the free extremity.

According to Waldeyer the outer hair-cells and the cells of Deiters are, in the

dog and some other animals, conjoined to form double cells with two nuclei.

Fig. 405. Fig. 405.

—

Sketch from below of lamina reticu-

laris AND ADJOINING STRUCTURES FROM THE CAT.

Highly magnified (Kolliker).

a, inner hair-cells with hairlets, j3 ; e, epithelium of

spiral groove ; c, inner rods ; d, part of heads of inner

rods overlapping those of the outer rods
; /, heads of

outer rods : their long phalangeal processes are seen, but

the rods themselves are not represented, except atf ;

m, n, 0, rings of lamina reticularis with semicircles of

hairlets, the hair-cells not being represented
; 2^> cuti-

cular tissue between external epithelial cells, S.

In most animals there are three series of

outer hair-cells, but in man there are four

series (fig. 400, h) and even five and six in

the upper turns of the cochlea (Pritchard),

The columnar cells outside the hair-cells are

much elongated and obliquely disposed, but

become gradually shorter and more vertical

as they pass into the simple cubical epithelium

on the outer part of the basilar membrane.
Lamina reticularis (figs. 399, 405).

—

The net-like membrane which overlies the

outer hair-cell region of the organ of Corti is

composed of at least two rows of elongated

fiddle-shaped structures termed "phalanges"

which are united to one another and to the phalangeal processes of the

outer rods in such a manner as to leave between them oblong apertures
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through wliicli the free ends of the hair-cells vsdth their semicircular rows
of auditory hairs project. The phalanges, although they seem like rings,

are in reality thin plates with thickened margins, and are to all appear-

ance of a cuticular nature : the most external row of phalanges is in con-

tinuity with a cuticular tissue which lies between the external ej)ithelium

cells (fig. 405, p). Attached to the phalanges below are the phalangeal

processes of the cells of Deiters. The lamina varies in extent with the

number of rows of hair-cells. Where there are four or more of these, a

corresponding increase in the number of rows of phalanges is observed.

The phalanges serve to isolate the hair-bearing ends of the auditory ceUs.

The tectorial membrane is the last special structure which remains

to be described in connection with the organ of Corti. It arises, as

before stated, on the limbus, not far fr-om the line of origin of Eeissner's

membrane. It overlies the projecting teeth at the edge of the limbus,

and also the epithelium between them : all this part of the mem-
brane is thin and delicate, imperceptibly shading off towards the inner

edge of attachment. As the membrane projects over the crest of the

limbus, it swells out below into a pad-like projection which covers

in and partly fiUs up the spu-al groove, aud rests below upon the rods of

Corti and contiguous structures. Towards its external edge the mem-
brane again thins out, and over-lies the outer hair-cell region as a delicate

film presenting a somewhat reticular appearance, as if impressed by or

moulded on the subjacent structures. The thickened part of the

membrane is distinctly fibrous in appearance (the fibrillation extending

from within out), and after immersion in weak solutions of chromic acid,

or bichromate of potash, it appears to possess considerable toughness and
elasticity. From its position the hairlets borne by the hair-cells must
necessarily be in contact with the under surface of this membrane.
About its origin nothing certain is known, but it appears to be formed
as a cuticular deposit or secretion from the epithelial cells, upon which,

even at a comparatively early stage of development, it may be seen to lie.

In the position which it bears relative to the auditory epithelium it

corresponds to the cupulte terminales of the cristse acusticiB and to the

otolithic accumulations of the maculiB.

Nerves of the cochlea.—The branch of the auditory nerve which
goes to the coclilea is given off in common with those to the saccule and
the posterior ampulla. It is shorter, flatter, and broader than any of the

other branclies. It perforates the bone by groups of minute foramina at

the bottom of the internal meatus, below the opening of the Fallopian

aqueduct. These groups are arranged in a shallow spiral furrow (tractus

spiralis foraminulentus) in the centre of the base of the cochlea ; and
they lead into small bony canals, which first follow the direction of the

axis of the cochlea, through the modiolus, and then radiate outwards,

between the plates of the bony spiral lamina. In the centre of the

spiral tract is a larger foramen which leads to the central canal of the

modiolus. Through this foramen and canal the filaments for the last

half-turn of the spiral lamina are conducted ; whilst the first two turns

are supplied by the filaments which occupy the smaller foramina and.

bent canals. Near the root of the spiral lamina the nerve-fibres pass

outwards through a spirally wound ganghonic cord, {ganglion spirale)

situated in the special bony canal {spiral canal of the modiolus) already

mentioned. The cells of this ganglion are bipolar and each nerve-fibre

appears to have one of the cells interpolated in its course. From the outer
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side of the ganglion, tlie fibres, having resumed their medullary sheath,

pass onwards with a plcxiform arrangement, at first in distinct but anasto-

Fiff. 406.

Fig. 406. — Genekal view of the mode of distkibution op the cochlear neuve,
ALL THE OTHER PARTS HAVING BEEN REMOVED.

mosing cords (fig. 407, b, 3), contained in separate canals in the bony
lamina, but afterwards spreading out into a stratum of intermingling

fibres, to be again gathered up, near the edge of the osseous lamina, into

Fig. 407.

7^-^
js

Fig. 407.

—

Distribution op
THE COCHLEAR NERVES IN

THE SPIRAL LAMINA (after

Henle).

A, part of the modiolus
and spiral lamina, viewed
from the base, showing the

jilexiform arrangement of

the cochlear nerves ; 1. fila-

ments of the nerve issuing

from the tractus spiralis fora-

minulentus ; 2, branches of

the nerve entering the cen-

tral canal of the modiolus
;

3, wide plexus in the bony
lamina spiralis ; 4, close

plexus at its border. B,
part of the nerves ext)'acted

and more highly magnified
;

2, twigs of the nerve from
the modiolus close to the

lamina spiralis ossca ; (js,

spiral ganglion
; fs, nerve-

fibres running spirally along

the outer part of the gan-

glionic swelling ; 3, wide

plexus ; 4, close i^lexus of

nerve-fibres as in A

.

conical bundles which turn abruptly upwards, and passing through the

elongated apertures previously described (p. 457 and fig. 399,^^), enter

tlie epithelium in the region of the inner hair-cells (fig. 401, K).

Little is known positively with regard to the actual mode of ending of the

nerves amongst these structures. As tliey pass through the apertures ta the
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membrane, they lose their medullary sheath and dark borders, and are continued
as simple axis-cylinders. Their further course is still a matter of doubt. Some
of them are stated by Waldeyer to pass directly into the lower ends of the inner

hair-cells, and others to pass outwards between the rods of Corti, stretching

across the tunnel which these enclose, and eventually ending in the outer hair-

cells ; but these statements, although not improbable, yet require confirmation.

Vessels of the cochlea.—The branches of the internal auditory artery to the
cochlea, twelve or fourteen in number, arising at the bottom of the internal

auditory meatus, traverse small canals in the modiolus and bony lamina spiralis,

and form in the latter a capillary plexus that joins at intervals the vas sptrale,

previously mentioned. From this plexus offsets are distributed in the form of a
fine network on the periosteum, but the vessels do not anastomose across the
membrana basilaris. The cochlea also receives through the fenestra rotunda a
twig from the stylomastoid branch of the occipital artery.

The veins of the cochlea issue from the grooves of the cochlear axis, and join

the veias of the vestibule and semicircular canals at the base of the modiolus. A
small siuus-like vein passes through the aqueductus cochlese, from the lowermost
turn of the cochlear tube, and joins the commencement of the internal jugular

vein.

Measurements of some of the parts of the cochlea.—The following numbers
show the average dimensions of various parts of the human cochlea. They are

•copied from Waldeyer (article " Cochlea " in Strieker's Handbook), and represent

the size in micromillimeters.*

Cochlear canal, breadth, 1st turn ...... 800 fi

,, „ ., 2nd turn 700

„ ,, , extreme height

Eeissner's membrane, breadth, 1st turn

,, „ „ 2nd turn .

Limbus lamina spiralis, breadth, 1st turn .

„ „ ,, „ 2nd turn

Eods of Corti, space between attachment of feet

„ „ height of arch

„ ,, length of inner rods

„ ,, length of outer rods

Hair-cells, length of inner.....
„ „ length of outer, with basilar process

„ „ length of hairlets ....
Membrana tectoria, extreme breadth

„ „ extreme thickness

. .500

. . 900

. 700
. . 300
200—2.oO

. (ie—70
. 12

. . 50
GO—66

. . 18

. 48
. . 4

200—230
. . 50

Secant Literature of the Ear.—On the external ear :
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THE NOSE.
The nose is the special organ of the sense of smell. It has also other

functions to fulfil ;—for, communicating freely "with the cavities of the

mouth and lungs, it is concerned in respiration, voice, and taste ; and
by means of its muscles it assists in expression.

Fig. 408. Fig. 409. Fig. 410.

Fig. 408.

—

Lateral view of the cartilages op the nose (Arnold), f
a, right nasal bone ; 5, nasal process of the superior maxillary bone ; 1, upper lateral

cartilage ; 2, lower lateral cartilage ; 2*, inner part of the same ; 3, sesamoid cartilages,,

here distinct, but generally united with the lower lateral cartilage.

Fig. 409.— Front view of the cartilages of the nose (Arnold), f
a, a', nasal bones ; 1, 1', upper lateral cartilages ; 2, 2', lower lateral cartilages.

Fig. 410.

—

View of the cartilages of the nose prom below (Arnold), f

2, 2', outer part of the lower lateral cartilages ; 2*, 2*, inner part of the same ; 4^

lower edge of the cartilage of the septum.

The nose consists of the anterior prominent part, composed of bone
and cartilages, with muscles (already described in Vol. I.), and with two
orifices, anierior ouires, opening downwards ; and of the two nasal fossfe,

in the upper parts of which the olfactory nerves are expanded. The
nasal fossjfi are separated from each other by a partition, sqAvm nasi,

formed of bone and cartilage in the greater j^art of its extent, but pro-

longed between the anterior nares only by a thick fold of integument
termed the membranous septum or cohimna nasi. The nasal fosste com-
municate with hollows in the neighbouring bones (ethmoid, sphenoid,

irontal, and superior maxillary) ; and they open backwards into the
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pharynx through the posterior imres. The skin of the nose is studded,

particularly in the grooves of the alse or outer walls of the nostrils, \vith

numerous small openings, which lead to sebaceous follicles. Within the

margin of the nostrils there is a number of short, stiff, and slightly

cui'ved hairs

—

vidrissce—which grow from the inner surface of the alte

and septum nasi.

CAETILAGES OF THE NOSE.

These are the chief support of the outer part of the organ. They
occupy the triangular interval seen in front of the nasal cavity in the

<:bied skull (anterior nasal aperture), and assist in forming the septum

loetween the nasal fosste. There are two large cartilages on each side,

and one mesial cartilage of the septum.

The 2(pper lateral cartilages (figs. 408 and 409, 1) are situated in the

upper part of the projecting portion of the nose, immediately beloAv the

free margin of the nasal bones. Each is flattened and triangular in

shape, and presents one sm'face outwards, and the other inwards towards

the nasal cavity. The anterior margin, thicker than the posterior, meets

the lateral cartilage of the opposite side above, but is united with the

<?dge of the cartilage of the septum below ; indeed, by some anatomists,

as Henle, the upper lateral are described with the median cartilage, of

which they may be regarded as reflected Avings. The inferior margin is

connected by fibrous niembrane with the lower lateral cartilage ; and the

posterior edge is closely attached to the free margins of the upper maxilla

and of the nasal bone.

The lower lateral cartilages (cartilages of the aperture) (2, 2', in the

iigm-es) are thinner than the preceding, below which they are placed, and

are chiefly characterised by their peculiar curved form. Each consists of

Fig. 411.
Pig. 411.

—

Osseous and cartilagin-

ous SEPTUM OP THE NOSE, SEEN

FROM THE LEFT SIDE (Aniolcl). §

a, right nasal bone ; h, superior

maxillary bone ; c, sphenoidal sinus

;

<l, perpendicular plate of the eth-

moid bone ; e, vomer ; 2*, inner part

of the right lower lateral cartilage ; 4,

cartilage of the septum.

an elongated plate, so bent

upon itself as to pass in fi-ont

and on each side of the nostril

to which it belongs, and by
this arrangement serve to keep

it open. The outer portion is

somewhat oval and flattened,

or irregularly convex externally. Behind, it is attacned to the margin of

the upper maxilla by tough fibrous membrane, enclosed in which
there is usually to be met with either a prolongation backwards of

the posterior angle of the cartilage, or two or three separate cartilaginous

nodules {cartilag. minores vel sesamoidece) (fig. 408, 3) ; above, it is

flxed, also by fibrous membrane, to the upper lateral cartilage, and to

the lower and fore part of the cartilage of the septum. Towards
the middle line it is curved backwards (fig. 409), bounding a deep
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nipsial grove, at the bottom of which it meets with its fellow of the

opi30site side, and continues to pass backwards, lying in the upper part

of the columna nasi, below the level of the cartilage of the septum. This
inner part of the cartilage of the ala is thick and narrow, curls out-

wards, and ends in a free rounded margin (fig. 411, 2*),which projects

outwards. The greater part of the ala of the nose, like the lobule of

the ear, is formed of thickened skin with subjacent tissue, and is un-
supported by cartilage.

The cartilage of the septum (fig. 411, 4) is quadrilateral in form, and
is thicker at the edges than near the centre. It is placed nearly

vertically in the middle line of the nose, and completes, at the fore

part, the separation between the nasal foss^. The anterior margin
of the cartilage, thickest above, is firmly attached to the back of the

nasal bones near their line of junction ; and below this it lies suc-

cessively between the upper and the lower lateral cartilages, united ulti-

mately with the former and loosely with the latter. The posterior margin
is fixed to the lower and fore part of the central plate of the ethmoid

bone (e) ; and the lower margin is received into the groove of the vomer
(v), as well as into the median ridge between the superior maxilla.

This cartilage is the persistent anterior extremity of the primordial

cranium. In young subjects it is prolonged back to the body of the

pre-sphenoid bone ; and in many adults an irregular thin band remains

between the vomer and the central plate of the ethmoid.

NASAL FOSS^.

The nasal fossEe, and the various openings into them, with the pos-

terior nares, have been previously described as they exist in the skeleton.

Fig. 412.

Fig. 412.

—

Transverse vertical section op the j;asal fossjb seen from behind.

(Arnold), f

1, part of the frontal bone ; 2, crista galli ; 3, pei-pendiciilar plate of tlie ethmoid ;

between 4 and 4, the ethmoidal cells ; 5, right middle spongy bone ; 6, left lower spongy

bone ; 7, vomer ; 8, malar bone ; 9, maxillary sinus ; 10, its opening into the middle

meatus.
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and tlie greater part of tliat description is also applicable generally to

the nose in a recent state ; but there are certain differences which

depend on the thickness of the lining membrane, which not only lines

die walls of the fossae, but covers the spongy bones on both sides. Thus,

in the first place, the nasal cavity is much narrower in the recent state.

Secondly, in consequence of the prolongations of the membrane on their

free margins, the turbinate bones, and more particularly the lower pair,

appear to be both more prominent, and longer, than in the dried skull.

Thirdly, some of the foramina in the bones are narrowed, and others

covered over by the lining membrane.

In the individual parts of the nasal fossjE the following particulars are to be

noticed.

In the n-pioer meatus, the smaU orifice which leads into the posterior ethmoidal

cells is lined by a prolongation of the thin mucous membrane -which is continued

into those cavities ; but the spheno-palattne foramen is covered over and closed

by the membrane.
In the middle meatU'S, the aperture of the infundibulum is nearly hidden by

an overhanging fold of membrane : it leads directly into the anterior ethmoidal

cells, and through them into the frontal sinus. Below and behind this, the

passage into the antrum of Highmore is surrounded by a fold of the membrane
(sometimes prominent and even slightly valvular), which leaves a circular

apertui-e much smaller than the foramen in the bony meatus.

In the lo7vcr meatus the inferior orifice of the nasal duct is defended by one or

two folds of membrane ; and when there are two, the folds are often adapted so

accurately together as to prevent air from passing back from the cavity of the
nose to the lachrymal sac.

In the roof the apertures in the cribriform plate of the ethmoid bone are con-
cealed by the membrane, but the openings into the sphenoidal sinuses receive

a prolongation from it.

In the floor the incisor foramen is in the recent state generally closed. Some-
times, however, a narrow funnel-shaped tube of mucous membrane (naso-

palatine canal or canal of Stenson) passes obliquely downwards from each nasal
fossa for a short distance towards the front of the hard palate. Vesalius, Stenson,

and Santorini believed that these tubes of membrane opened generally into the
roof of the mouth by small apertures close behind the central incisor teeth.

Haller, Scarpa, and Jacobson, found the canals in man usually closed, and often
difficult of detection.

Modem anatomists have also been divided in opinion on this matter, but it

would appear that the latter opinion (that of Haller and Scarpa) is correct. The
canal is the remnant of the wide communication between the nasal and buccal
cavities found at an early period of fostal life, being in man usually obliterated,

at least in its lower part, before birfch, although persistent in many animals. It

is long represented belov^ by a solid column of epithelium cells continuous with
the epithelium of the palate, and above by a nan-ow tube lined with ciliated

epithelium, opening into the floor of the nasal fossa but closed below. (Leboucq,
Le canal nasopalatin chea Thomme, Archives de Biologie, 1881.)

KUCOUS 1IE2IISEAXE.

The pituitary or Schneiderian membrane, which lines the cavities of

the nose, is a highly vascular mucous membrane, inseparably united with
the periosteum and perichondrium over which it lies. It is continuous
with the skin tlu^ough the nostrils ; with the mucous membrane of the
pharynx through the posterior nares ; with the conjunctiva through the
nasal duct and lachrymal canaliculi ; and with the lining membrane of
the several sinuses which communicate with the nasal fossEe. The pitui-
tary membrane, however, varies much in thickness and vascularity in
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different parts. It is thickest and most vascular oyer tlie turbinate

bones (particularly the inferior) and on the septum nasi it is also veiy

thick and spongy ; but in the intervala between the turbinate bones, and
over the floor of the nasal foss^, it is considerably thinner. In the

maxillary, frontal, and sphenoidal sinuses, and in the ethmoidal cells, the

lining mucous membrane is very thin and pale, and contrasts strongly with

that which lines the nasal foss^.

The character of the epithelium varies in different parts, and by this

in a general way, three regions of the nasal fossae may be distinguished.

Thus, the region of the external nostrils (the vestibule), including all

the part which is roofed by the nasal cartilages, is lined with stratified

squamous epithelium ; and the remainder is divisible into two parts, viz..

Fig. 413.

Fig. 413.

—

Outer wali. op the left nasal fossa, covered by the pituitart

MEMBRANE (Al-noH). f

1, frontal bone ; 2, left nasal bone ; 3, superior maxillary ; 4, body of tbe sphenoid

with the sphenoidal sinus ; 5, projection of the membrane covering the upper spongy-

bone ; 6, that of the middle ; 7, that of the lower ; the upper, middle, and lower

meatuses are seen below the corresponding spongy bones ; 8, opening of the Eustachian

tube ; 9, depression of the lining membrane of the nose in the anterior palatine canal.

the upper or olfactory region in which the epithelium is non-ciliated and
columnar, and the lower or respiratory region in which, as also in the

sinuses, it is ciliated and columnar. The membrane in the respiratory

part covers the inferior turbinate and all the lower portions of the

fossaa, and is studded with numerous I'acemose glands (yielding in part

mucus, in part a more watery secretion), which open by orifices apparent

on the surface. , They are most numerous about the middle and hinder

parts of the nasal fossse, and are largest at the back of the septum near

the floor of the nasal cavity. Glauds which are much smaller and less

numerous open into the several cavities which communicate with the

nasal fossae. Besides the glands the membrane contains a variable

amount of lymphoid tissue, occasionally accumulated into " nodules."

In some parts large venous plexuses are found, encircled, as well as the

alveoli of the glands amongst which they lie, by bundles of plain,

muscular fibres (Klein), thus forming a sort of cavernous tissue.
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Olfactory mucous membrane.—The olfactory region or that in

which the olfactory nerve is distributed, includes the upper and middle

turbinate parts of the foss^, and the upper portion of the septum. It

is extremely vascular, a close plexus of large capillary vessels being found

luider the lining membrane throughout its whole extent. Its mucous
membrane is thicker and more delicate in consistence than that of the

ciliated region, being soft and pulpy. It has a distinct yellow colour in

man ; brown in some animals. The glands of this region (glands of

Bowman) are numerous, but are of a more simple structure than those

in the lower part of the fossae. They open by fine ducts lined with

flattened cells which extend to the surface between the olfactory epi-

thelium-cells. In the mucous membrane itself, the gland-tube is some-

what convoluted and enlarged, and it may have one or two branches.

Fig. 414.

—

Cells and terminal neeve-
FIBRES OF THE OLFACTORY REGION (from Frey

after ScLultze). Highly magnified.

1, from tte frog ; 2, from man ; a, epitnelial

cell, extending deeply into a ramified jjrocess
;

b, olfactory cells ; c, their peripheral rods ; e,

their extremities, seen in 1 to be prolonged into

fine haii-s ; d, their central filaments ; 3, olfac-

tory nerve-fibres from the dog ; a, the division

into fine fibrillEe.

Fig. 414.

It is limited thi'oughout by a

ment membrane, and lined and almost

filled with columnar or polyhedral

secreting cells. Here and there ordinary

racemose glands are found ; where
this is the case the epithehum of the

sm-face, according to Klein, is ciliated

and not olfactory.

The columnar cells on the surface of

the olfactory mucous membrane (fig

414, a) are prolonged at their deep ex

tremities into a process which is gener-

ally somewhat thickened towards its

deeper end, and usually includes a num-
ber of fatty granules ; and from this

thickened part branches proceed, which are stated by Exner and Martin
to communicate with those of neighbouring cells, so as to form a com-
municating network throughout the extent of the membrane, underneath
the epithelium. Amongst these branching central ends of the columnar
cehs there are a large number of peculiar spindle-shaped cells (fig.

414, h), each consisting of a large, clear nucleus surrounded by a rela-

tively small amount of granular protoplasm. From each cell proceeds a
superficial and a deep process. The superficial process (c) is a cylindrical

or slightly tapering tln^ead passing directly to the surface, and termi-

nating abruptly at about the same level as the free surface of the epi-

thelial cells between which it lies, or a little beyond ; the deep process (d)

is more slender, and passes vertically inwards. This last fi'equently

presents a beaded appearance similar to that observed in fine nerve-fila-

ments. These cehs were termed by Max Schultze, olfactory cells, to

distinguish them- fr^om the columnar epithelium-cells, which are much
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fewer in number, and which are entirely surroandcd Avith the fine rod-

hke peripheral processes of the smaller cells. It is probable that the fine

varicose central processes of these ceUs are directly continnous with the

fibrils of the olfactory nerve, but the continuity has never been actually

observed. The nucleated bodies of the olfactory cells are several rows
deep, aud form a layer of considerable thickness beneath the columnar
cells.

Both the olfactory and the columnar cells project through apertures

in a cuticular lamina which bounds the mucous membrane superficially

{external limiting memdrane of v. Brunn).

The peripheral process of the olfactory-cell was observed by SclirJtze to be sur-

mounted by a short projection (fig. -ll-lr. 2, e), but this appearance may result from
the coagulation of albuminous matter escaped frora the interior of the process.

Long and fine hair-like processes do, however, exist on the olfactory-cells of

amphibia, reptiles, and birds (fig. 414, 1, c), but they have not been observed in

mammals.
According to Exner there is no sharp distinction between columnar and

olfactory-cells, but intermediate forms are to be met with, and the olfactory-

cells are. in fact, only a less developed condition of the columnar cells. He states

that both kinds are connected with the olfactory nerve-fibres, that in the lower
vertebrata they may both bear hair-like processes, and that in the frog, after

removal of the olfactory lobes, they both disappear and give place to ordinary

ciliated cells.

In the rabbit and guinea-pig Klein, in confirmation of a statement by Sidney,

describes a lowermost layer of conical cells resting by their bases vertically upon
the basement membrane.

Fig 415

Pig. 415.

—

Nerves of the septum nasi, seen froji the eight side (from Sappcj',

after Hirschfeld and Leveille). ?j

I, the olfactory bidb ; 1, the olfactory nerves passing tlirough the foramina of the

cribriform plate, and descending to be distributed on the septum ; 2, the internal or

septal twig of the nasal branch of the ophthalmic nerve ; 3, naso-palatine nerves.

Olfactory Nerve.—The filaments of this nerve, lodged at first in.

grooves on the surface of the bones, enter the substance of the

Schneiderian membrane obliquely. The nerves of the septum (fig. 415)
are rather larger than those of the outer Avail of the nasal fosste ; they

extend over the upper third of the septum, becoming very indistinct

as they descend. The nerves of the outer wall are divided into two
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groups—the posterior being distributed over the surface of the upper
turbinate bone, and the anterior orer tlie plain surface of the ethmoid

and the middle turbinate bone.

The nerves ramify so as to form flattened tufts, tlie filaments of which,

spreading out laterally and communicating freel}' vith similar oifsets on
each side, form a close plexus, with elongated and narrow meshes.

Fig. 416.

—

Nerves of the outer wall Fig 416

OF TWE NASAL FossiE (from Sappey,

after Hirschfeld and Leveille). |

1, network of the branches of the

olfactorynerve, descending upon the region

of the superior and middle turbinated

bones ; 2, external twig of the ethmoidal

branch of the nasal nerve ; 3, spheno-

palatine ganglion ; 4, ramification of the

anterior palatine nerves ; 5, posterior,

and 6, middle divisions of the palatine

nerves
; 7, branch to the region of the

inferior turbinated bone ; 8, branch to

the region of the superior and middle

turbinated bones ; 9, naso-palatine branch

to the septum cut short.

In their structm^e the olfac-

tory nerve-fibres differ much from

the ordinary dark-bordered fibres

of the cerebral and spinal nerves :

they possess no medullary sheath,

but are axis-cylinders provided with a distinct nucleated sheath, much
more distinct than that of the fibres of Eemak and with nuclei at les&

frequent intervals (fig. 417).

Fig. 417.

Fig. 417.

—

Nerve-fibees fbom the olfactory mucous siemekane (Max Schultze),

Magnified between 400 and 500 diameters.

From a branch of the olfactory neiwe of the sheep ; at a, a, two dark bordered or medul-

lated fibres, from the fifth pair, associated with the pale olfactory fibres.

The greater part of the mucous membrane of the nasal fossfe is pro-

vided also with nerves of common sensibility, derived from branches of the

fifth pair : the distribution of these has already been described in Yol. I.

The Organ of Jacobson.—In the anterior and lower part of the nasal septum
a small aperture may be seen opening obliquely on to the surface of the mu-
cous membrane slightly above and in front of the orifice of the Stenonian canal.

This aperture leads into a minute canal which passes backwards for a short dis-

tance along the septum to terminate blindly a few millimeters from the orifice.

The canal, which is lined with epithelium continuous with that of the nasal

cavity and has numerous glands opening into it, is the homologue of a much
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more extensivelydeveloped tubular organ which opens in a similar position in many
quadi-upeds, and is encircled by a special curved plate of cartilage which lies

below the septal cartilage on either side and is kuown as the cartilage of Jacob-

son. This is only represented in man by a small narrow piece of cartilage (" the

plough-share cartilage " of Huscke), which lies wholly below the rudimentary

organ of Jacobson. In the rabbit and guinea-pig as shown by Klein, and pro-

bably in other animals in which the organ is in a well-developed condition, the

epithelium which lines the inner or mesial side of the canal is much thicker than

that on the outer side, and is similar in structure to that liuing the olfactory

part of the Schneiderian membrane. Moreover it receives considerable branches

of the olfactory nerve, and in these animals is no doubt of high functional im-

portance as an accessory to the proper organ of smell. For a further account, of

this curious structure as well as references to the literature of the subject, see

Kolliker, Ileber die Jacobson-schen Organe des Menschen, Leipzig, 1877 ; and a

series of papers by Klein in the Quai'terly Jom-nal of Microscopical Science for

1881 and 1882.

Blood-vessels and lymphatics of the nasal fossae. The splieno-palatine hranch

i>f the internal maxillary artery enters the cavity by the spheno-palatine foramen
and divides into external branches to the meatuses and inner surface of the tur-

binate bones, sending offsets also to the ethmoidal cells and to the maxillary and
frontal sinuses, and an internal branch (naso-palatine) along the septum to the

incisor foramen.

The descending palatine Iranoli of the internal maxillary artery gives small

offsets to the hinder part of the inferior tm-binate bone and meatus.

The anterior etlimoidal iranch of the ophthalmic artery enters the cavity with
the nasal nerve and is distributed to the mucous membrane of the fore part of the

septum and outer wall.

Th.Q posterior ethmoidal iranch of the same artery sends small twigs to the

posterior ethmoidal cells, to the roof, and to the upper part of the septum.

Lastly the artery of the scjAum (from the superior coronary of the facial) sup-

plies the part near the anterior nares. The several arteries anastomose freely

together in the mucous membrane.
The veins form a dense plexus in the mucous membrane, and this is most

largely developed over the lower tui-binate bone, and on the lower and hinder

part of the septum. The trunks leaving the cavity ficcompany the arteries, the

i^phcno-palatine vein emptying itself into the pterygoid plexus ; the ethmoidal

'ceins joining the ophthalmic, and small veins passing out at the margin of the

nares to join the coronary vein of the upper lip. Some small veins also pierce

the nasal bone and the ascending process of the superior maxilla to join the com-
mencement of the facial vein.

The lym2ohatics are abundant and large. They form a close plexus in the

mucous membrane, the branches extending almost to the surface, and a more open
plexus of valved vessels nearer the bone. These are in communication with the
lymphatic spaces which enclose the branches of the olfactory nerve, and these

spaces again communicate with the subdural space of the cranium, so that the

lymphatics of the nasal mucous membrane can be injected from the cranial

cavity (Schwalbe).

liiterattire.
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M. Schultze, Ue. d. Endigungsw, d. Greruclisnerven, &c., Berl. Acad..

1856 ; Halle Abhandl., 1863, and Med. Centralbl., 1864; Exner, in Wien. Sitzungsb.7

1871, 1872, and 1877 ; Grimm, in GiJttinger Nachr., 1872; Babuchin, in Strieker's

Handb. , 1872; Langerhans, in Freib. Ber., 1873 ; Newell Martin, in Journ. of Anat.

and Phys., 1873; Pasclnitin, in Sachs. Ber., 1873; Cisoff, in Med. Centralbl., 1874;
V. Brunn, in Med. Centralbl., 1874, and Arch. f. mikr. Anat., 1875; Colosanti, in

Arcli. f. Anat. n. Pliys., 1875 ; Fottinger, in Bull. d. I'acad. d. Belg., 1876. All ths

above relate to the structure of the olfactory mucous membrane.
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The greater part of the thorax is occupied by the hmgs, each of which
is invested by a serous membraue, the pleura. The heart, enclosed by a

membranous covering, the pericardium, Hes between the hings in the

middle of a space bounded laterally by the right and left pluras, and
known as the mediastinal space or simply as the mediastinum. The term
anterior mediastinum is used to denote the part of this space immediately

in front of the pericardium ; middle mediastimmi that which contains and
is filled by the pericardium ; and posterior mediastinum the part behind the

pericardium ; whilst the upper part of the space, which is situated above
the pericardium and extends as far as the root of the neck, may con-

veniently be distinguished as the superior mediastinum.

The superior mediastinum may be considered as bounded below by a
plane passing through the lower part of the body of the fourth dorsal

vertebra behind, and the junction of the manubrium with the body of

the sternum in front. Its upper limit corresponds with the superior

aperture of the thorax. In front are the manubrium and the lower ends

of the sterno-hyoid and sterno-thyroid muscles ; and behind are the

upper lour dorsal vertebras and the lower ends of the longus colli muscles.

It contains the trachea, oesophagus and thoracic duct ; the whole of

the transverse part of the arch of the aorta, tlie innominate artery, and
those parts of the left common carotid and subclavian arteries which are

contained within the thorax ; the innominate veins and upper part of

the superior vena cava ; the phrenic and pneumo-gastric nerves, the left

recurrent, and the cardiac nerves ; and the cardiac lymphatic glands and
remains of the thymus gland.

The separate description of a superior mediastinum was suggested by Struthers

(Journal of Anatomy, Vol. III.) and is manifestly convenient. The superior medi-
astinum as here defined is not identical however with that of Struthers, who
makes the plane marking off the lower boundary pass a vei"tebra higher behind
(although it is at the same level in front) and this puts the whole of the arch of
the aorta into the middle mediastinum. The plane proposed by Struthers does

not, however, in the m_ajority of cases pass above the arch, but cuts off the upper
part of its transverse portion, and it has also the disadvantage of being so

oblique that the superior mediastinum cannot properly be said to be the part be-

hind the manubrium. On the other hand the plane here proposed is nearly

horizontal, and in the average condition passes just under the transverse portion

of the arch, and this coincides with the extent upwards of the pericardium ; and
is just above the roots of the lungs.*

The anterior mediastinum is narrow in its upper half, the two
pleurse coming nearly or quite into contact behind the second piece of the

sternum. Below it is broader, the left pleura receding from its fellow,

and is bounded in front by the sternum with the fifth and sixth, and a

small portion of the seventh left costal cartilages, and by the triangularis

sterni muscle ; behind it is the pericardium. This space contains only

some areolar tissue, and in its lower part two or three small lymphatic

glands (anterior mediastinal glands).

The middle mediastinum is the enlarged central portion of the

whole space, containing in addition to the pericardium with its contents

* The above account of the superior mediastinum has been furnished by Professor

Thane. (E.A.S.)
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(viz., the heart, ascending portion of the arch of the aorta, trunk of the

j)nlmonary artery and the lower half of the superior vena cava), the

phrenic nerves and accompanying vessels, the arch of the azygos vein,

and the roots of the lungs with the bronchial lymphatic glands.

The posterior mediastinum is the space between the pericardium

and the roots of the lungs in front and the spine behind (from the

lower border of the fourth dorsal vertebra downwards), the lateral boun-

daries being, of course, formed by the pleurse. It contains the descend-

ing portion of the arch and the descending thoracic aorta ; the oesophagus

with the pneumo-gastric nerves, the azygos veins, the thoracic duct and
the posterior mediastinal lymphatic glands.

THE PEEICARDIUM.

This membranous sac, in which the heart is contained, is of a some-

what conical shape, its base resting on the diaphragm, whilst the upper

Fig. 418.

Fig. 418.

—

Transverse section of the chest of a foetus, on a level with the
INTERVAL IN FRONT BETWEEN THE FIFTH AND SIXTH RIBS (Allen ThomSOn after

Luschka).

The sketch represents the upper surface of the lower section ; the division is carried

nearly in a horizontal plane, s, sternum ; c, body of the seventh dorsal vertebra ; A,

right, and h', left ventricle ; o?, cesoijhagus
; 2> '^j left pneumogastric nei-ve ; the right

jmeumogastric nerve is behind the esophagus
;
phr, phrenic nerves ; a, aorta ; v a, venji

azygos; d, thoracic duct ; 1, 1, the cardiac pericardium ; 2, in the anterior mediastinal

space, the parietal pericardium ; 2', 2', cavity of the pericardium ; 3, 3, pulmonary

pleurte passing over the surface, and reflected at the roots of the lungs, r, r' ; 3', 3', the

pleural cavities, reflected in front at the mediastinum to the surface of the pericardium;

4, 4, parietal pleurae ; c, c, walls of the chest inclosing the ribs, pectoral muscles, &c.
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narrower part surrounds the trunks of the great vessels. It consists of

two layers, one external and fibrous, the other internal and serous.

The fibrous layer is a dense, unyielding membrane, consisting of

fibres which interlace in every direction. This layer is attached below to

the upper surface of the diaphragm (fig. 419, d), partly to the central

tendon, partly to the adjoining muscular surface, especially on the left

Fig. 419.

—

Semi-diagrammatic view op the pericaedium from behind, desigsned to
SHOW THE PRINCIPAL INFLECTIONS OF THE SEROUS SAC ROUND THE GREAT VESSELS

(Alien Thomson). ^

The drawing is taken from preparations in which the heart and vessels had been
partially filled by injection, the pericardium inflated and dried in the distended state, and
the fibrous continuation on the vessels removed. By the removal of a portion of the

pericardium from behind the right and left cavities of the heart, the position of that

organ is made apparent. A, right auricle ;
.^1', left auricle ; V, right ventricle ; V, left

ventricle ; A o, aortic arch ; b, innominate artery ; C, vena cava superior ; az, azygos

vein ; C, vena cava inferior ; c", great coronary vein ; + , cord of the ductus arteriosus
;

P, right, P', left pulmonary artery
; ^j, right, _p', left pulmonary veins ; D, central tendon

of the diaphragm ; 1, sac of the pericardium ; 2, the portion on the right side which
partially surrounds the vena cava superior, the right pulmonary veins, and the vena cava
inferior ; 3, portion on the left side which partially surrounds the vena cava inferior ; 4,

portion which is extended upwards behind the left auricle, and partially folds over the

pulmonary arteries and veins, meeting between these different vessels the extensions of

the sac from the right and left ; 5, tubular portion v/hich completely surrounds the aortic

and pulmonary arterial trunks.. A bent probe is passed within the pericardium from
behind the right auricle, in front of the vena cava inferior, to the back of the left ventricle,

which may indicate the place where the large undivided sac of the psricardium is folded

round that vein.
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side. Kear the median line the connection is xevj firm, the fibrous

structures being continuous ; elsewhere the attachment is more lax, and

is effected mainly by areolar tissue. The pericardium is fixed also in

front by two ligamentous bands which pass to it from the manubrium
and ensiform process of the sternum (Luschka). The fibrous layer is

continued above for some distance along the large blood-vessels in the

form of tubular prolongations, which become gradually lost upon their

external coats. The superior vena cava, the fom' pulmonary veins, the

aorta, and the right and left divisions of the pulmonary artery, receive

investments of this kind.

The serous layer of the pericardium not only lines the fibrous layer,

but, like other serous membranes, is reflected on the surface of tlie viscus

which it invests. It has, therefore, a visceral and a parietal portion.

The parietal portion adheres firmly to the fibrous membrane. It is

reflected and becomes continuous with the visceral portion a short distance

along the great vessels, about 1 to 1^ inches from the base of the heart.

In passing along the aorta and pulmonary artery, it encloses those vessels

in a common short tubular sheath (flg. 419, 5, 5). It is reflected also

upon the superior vena cava (c), and on the fom- pulmonary veins Q;, p'),

and forms a deep recess behind, between the entrance of the right and left

veins into the left auricle. The inferior vena cava (c') receives only a very

scanty covering of this membrane (3, 2), inasmuch as that vessel enters

the right amicle almost immediately after passing through the diaphragm,

and is only partially surrounded by a reflection of the pericardium in

the narrow interval between these parts. None of the vessels, indeed,

joining the heart, with the exception of the aorta and pulmonary artery

Avhere they are united together, receive a complete covering from the

pericardium, or can be said to be entirely enveloped in the sac.

"When the left pulmonary artery and subjacent pulmonary rein are separated,

a fold of the pericardium will be seen betu-een them, -which has been termed by
^Marshall the '" vestigial fold." It is formed by a duplicature of the serous

layer, including areolar and fatty tissue, together -ndth blood-vessels and nerves,

and is from half to three-quarters of an inch in length, and from half to one
inch deep. It extends from the left superior intercostal vein above the pul-

monary artery downwards to the side of the left auricle, where it is lost in a
narrow streak which crosses round the lower left pulmonary vein. This fold

encloses a vestige of a Irft superior vena cava (duct of Cuvier) , which exists in

early embryonic life. (Marshall, " On the development of the great anterior

veins in Man and Mammalia," Philosoph. Trans., 1850.)

The pei-icardimn is in relation in front and behind with the mediastina and
i;heir contents. Anteriorly also it is covered by the pleui-ce and to some extent

by the lungs, except below, where it approaches the sui-face in the angular space

to the left of the lower part of the sternum. At the sides it is in contact with
the phrenic nerves, as well as with the pleui-je and their contained viscera. Its

relations to the diaphragm and great vessels have been ah-eady noticed.

In structure the serous layer of the pericardium agrees with that of serous

membranes generally, being formed of connective tissue containing a network of

elastic fibres, blood-vessels and lymphatic vessels.

THE HEART.

The heart is a hollow muscular orgau, divided by a longitudinal sep-

tum into a right and a left half, each of which is again subdivided by a

transverse constriction into two compartments, communicating with
ca-.h other, and named auricle and ventricle. Its general form is
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that of a blnnt cone. Enclosed, as before said, in the pericardium, it

Fig. 420.

—

The hkakt and great vessels

FKOM BEFORE (E. Quain). ^

The pulmonary artery lias been cut slioi-t

close to its origin in order to sliow the first

j)art of the aorta. 1, right ventricle ; 2,

left ventricle ; 3, root of the pulmonary

artery ; 4, 4', arch of the aorta ;
4", the

descending aorta ; 5, the appendix and
anterior part of the right auricle ; 6,

those of the left am-icle ; 7, 7', inno-

minate veins joining to form the vena

cava superior ; 8, inferior vena cava

below the diaphragm ; 9, one of the large

hepatic veins ; + , right ; + + , left coro-

nary artery.

is placed behind the sternum and
the costal cartilages (fig. 430 ; on
page 492), the broader end, or

base being directed upwards,

backwards, and to the right, and
extending from the level of the

fifth to that of the eighth dorsal

vertebra ; the apex downwards,
forwards, and to the left. In the

living subject its stroke against

the waU of the chest is felt in the

space between the cartilages of

the fifth and sixth ribs, a little

below and to the inner side of

Fig. 421.

—

View of the heart
AND GREAT VESSELS FROM
BEHIND (R. Quain). ^

1, right ventricle ; 2, left

ventricle; 3, right pulmonary
artery ; 3', its branches passing

into the root of the right lung ;

3", the same of the left ; 4',

arch of the aorta ; 4", descend-

ing aorta ; 5, right auricle ; 6,

is placed on the division be-

tween the right and left auricles

;

7, siiperior vena cava; 7', left

innominate vein ; 8, inferior

vena cava ; 9, right hepatic

vein ; 10, 11, 12, right pul-

monary veins ; lo, 14, left pul-

monary veins ; + , + , branches
of the right and left corouaiy
arteries.

the left nipple ( 3-|

inches from* the middle
line of sternum and 11-

inch below the nipple) :

in the dead body the apex
IB a little higher than during life.

Fig. 420.

Fig. 421.

N^i

The heart, therefore, has a very
1

1
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oblique position in the chest, and projects farther into the left than

into the right half of the cavity. Its position is affected to a certain

extent by that of the bodf ; thus it comes more into contact with the

anterior wall of the chest when the body is in the prone posture or is

lying on the left side. In inspiration, on the other hand, when the

diaphragm sinks and the lungs expand, it recedes slightly from the

chest-wall.

The heart is attached at its base to the great blood-vessels, and the

serous layer of the pericardium is here continued on to it. Otherwise

the heart is entirely free within the sac of the pericardium. The convex
anterior surface looks somewhat upwards as well as forwards towards the

sternum and costal cartilages : from these it is for the most part separated

by the pleurae. The lungs also advance over it to some extent, and encroach

stiU farther during inspiration, so as in that condition to leave only a

triangular part, not more than two square inches in extent, uncovered.*

The posterior or under surface is flattened, and rests on the diaphragm.

Of the two borders or margins formed by the meeting of the anterior

and posterior surfaces, the right or lower border, called margo acutus, is

comparatively thin, and is longer than the upper or left border, which is

more rounded and is named margo oMiisus.

A deep transverse groove, the auriculo-ventricular furrow, divides the

heart into the auricular and the ventricular portions ; and on the ven-

tricular portion two longitudinalfurrows, situated one on the anterior,

the other on the posterior surface, mark its division into a right

and left chamber. They extend from the base of the ventricular

portion, and are continuous one with the other a little to the right of

the apex, which is thus formed entirely by the wall of the left ventricle.

The anterior longitudinal furrow (fig. 420, + + ) is nearer to the left, and
the posterior furrow nearer to the right side of the heart, the right ven-

tricle forming more of the anterior, and the left more of the posterior

surface of the organ. In the furrows run the coronary arteries and veins

with lymphatic vessels and nerves, embedded in fatty tissue and covered

bj the visceral layer of the pericardium.

CAVITIES OF THE HEART.

The heart, as before remarked, contains four chambers or compart-

ments, a right and a left auricle and a right and a left ventricle.

The right auricle (fig. 420, 5) is best brought into view on turning

the heart somewhat to the left side ; it is then seen to occupy the right

and anterior portion of the base of the organ. When thus viewed the

auricle appears of a quadrangular form, the superior and inferior vena;

•oavEe, occupying respectively the upper and lower posterior angles, while

a tongue-shaped portion, the auricular appe^idix or auricle i)roinr,\ is

seen to project from the anterior and upper angle and to turn to the left

over the root of the aorta. The main part of the auricle, that into

which the great veins directly pour their blood, is commonly named
sinus venosus or atrium, to distinguish it fr'om the auricular appendix.

When opened, the interior of the right auricle presents a smooth and

* This uncovered part may be marked off on tlie surface of the clicst by two lines

drawn from the point of the apex-beat to the middle line of the sternum, oncj horizontal,

tl e other extending obliquely upwards to between the fourth cartilages.

'r" So termed from its resemblance to the external ear of some animals.
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.even suiface, except in the appendix Trhich is ridged vertically with

closely set reticiila,ted muscular bands, and upon the anterior wall of

the sinus, where similar bundles are seen extending, but here running
parallel with one another, like the teeth of a comb, and thence termed
musculijpedinati.

The posterior wall corresponds with the partition between the two
auricles (sej^fum aurindanim). ISTear its lower part and just above and
to the left of the orifice of the inferior vena cava is an oval depression,

ihQ fovea or fossa oralis (fig. 422, 3'), the remains of the foramen ovale

Fig. 422.

—

Interior o^ Fig. 422.

THE RIGHT AURICLE AND
VENTRICLE, EXPOSED BY
REIIOYAL OF A PART OP
THEIR RIGHT AND AN-
TERIOR WALLS (Allen

Tliomson). 3

3, superior vena cava;

2, inferior vena cava ;
2',

hepatic veins ; 3, septtiui

of the auricles ; 3', fossa

ovalis, the Eustachianvalve

is just below; 3", aperture

of the gi-eat coronary vein

with its valve ; + , + , au-

ricnlo - ventricular groove,

a narrow portion of the

adjacent walls of the

auricle and ventricle hav-

ing been preserved ; 4, 4,

on the septum, the cavity

of the right ventricle ; 4',

large anterior papillary

jnuscle ; 5, left ; 5', right,

and 6", posterior or sexstal

segment of the tricuspid

valve; 6, pulmonary artery,

a part of the anterior wall

of that vessel having been
removed, and a narrow
poiiiion of it preserved at

its commencement where
the pulmonary valve is

attached ; 7, concavity of

the aortic arch close to the

cord of the ductus arterio-

sus ; 8, ascending pari;

of the arch covered at its commencement by the auricular appendix and pulmonary
artery; 9, placed between the innominate and left common carotid arteries; 10, appendix
of the left auricle : 11, 11, left ventricle.

{vestigium foraminis ovalis^, Avhich is an open passage in the foetal heart
li-om the right to the left auricle. HIxq fossa ovalis is bounded above
and at the sides by a prominent border, deficient below, the annulus
ovalis or isthmus Vieussenii, whilst the floor of the fossa, formed by what
was previously a valve, is thin and translucent ; and occasionally
a small oblique passage leading into the left auricle is left between it

and the annular border. At the right part of the cavity are seen the
orifices of the superior and inferior ven^ cavte, the fe^aep- passing down- ^-^^^^

wards and forwards, the latter the larger, being du-ected upwards and ^--^-^
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inwards. Between the two orifices is a, slight projection, better marked
in certain quadrupeds tlian in man, which has received the somewhat
misleading name of tiiberde of Lower.

In front of the orifice of the inferior vena cava, and partly covering it, is

a crescentic fold of the lining membrane, the Eustachian valve, which is

continuous by its convexity with the margin of the venous orifice, while

its anterior cornu is prolonged into the anterior limb of the annulus

ovalis. This valve, which is very variable in character in the adult, being

often cribriform or perforated with holes, is an important structure in

the foetal heart, and serves the purpose of directing the stream of blood

from the inferior vena cava through the foramen ovale into the left auricle.

The ot'her openings into the right auricle are 1,—the auriculo-ventricidar

aperture, situated in front of the inferior vena cava and occupying the

anterior and under |)art of the cavity : it is oval in form and large,,

admitting three fingers easily ; 2, the orifice of the coronary sinus ot

the heart (fig. 422, 3"), situated between the inferior cava and the

auriculo-ventricular opening : this is guarded by a semicircular valve,

sometimes double, which, although previously figured by Eustachius, is

often named valve of Thebesius ; 3, openings of two or three anterior

cardiac veins from the surface of the right ventricle ; and 4, the fora-

onina of Thehesius, a number of small pits variously situated, some of

which are merely recesses closed at the bottom, whilst others are the

mouths of small veins {vencc minimcB cordis).

According to L. Langer the foramina Tliebesii are not confined to the right

auricle but occur in all the cavities of the heai-t ; and into some of them, even in

the ventricles, small veins which proceed from the muscular substance of the

heart open.

Fig. 423. Fig. 423.

—

View of the adult heart, from
BEHIND, TO SHOW THE CORONARY VEINS (Allen

Thomson). 3

(7, placed on the back of the right auricle,

points to the Eustachian valve seen within

the opening of the inferior vena cava ; h, left

auricle ; c, right ventricle ; d, left ventricle j

€, vena cava superior ; /, arcli of the aorta ;

1, coronary sinus ; 2, great coronary vein turn-

ing round the heart in the auriculo-ventricular

groove ; 3, posterior cardiac veins ; 4, middle

cardiac vein ; 5, one of the anterior cardiac veins

passing directly into the right auricle ; 6, the

vestige of the left superior vena cava proceed-

ing over the left auricle downwards to join the

coronary sinus.

The coronary vein (fig. 423, 1) is con-

sideral^ly dilated before it enters the

auricle, and this dilated portion, which is

embedded in the posterior wall of the left

auricle, is termed the " coronary sinus."

At the junction of the coronary vein with

the dilated portion there is a valve con-

sisting of one or two segments. Other

small veins likewise enter the coronary sinus, each of them protected by a

valve. One of these small veins, the " oblique vein " of Marshall (fig. 423,

T)), takes a straight course from the vestigial fold before mentioned, over the

back of the left auricle, to open into the coronary siuus. This vein has no valve
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over its orifice : it, together witli the coronary sinus, is to be looked upon as

the remnant of the original left superior vena cava of the embryo (vide antea,

p. ttSO).

The right or anterior ventricle (fig. 420, 1) occupies the chief part

of the anterior surface of the heart, the right border, and a smaller

portion of the posterior surface. It extends nearly, but not quite,

to the apex. The upper and left angle is prolonged in a conical

form to the commencement of the pulmonary artery : this part of

the ventricle is named conus arteriosus, or wfunclihidum. The muscular
wall of this ventricle is thickest at the base, and becomes thinner

towards the apex. When the cavity is laid open (fig. 422) the septum
of the heart is seen to bulge into it, so that in cross section this ventricle

is crescentic in form (fig. 424, G). At the base of the ventricle are two
orifices, protected by valves ; the auriculo-ventricular, of an oval

form, and situated towards the right, and that of the pulmonary
artery, smaller, more elevated, and towards the left. Between the two
the wall of the cavity projects downwards, in the form of a thick

Fig. 424.

—

Cross Section of the Fig. 424.

ve^fxricular part op the
Heart at two-thirds froji the
Apex looking downwards into

THE Cavities (Allen Tliomson). f

1, 1', "Wall of the right ventricle;

2, 2', wall of the left ; 3, 3', septum

;

4, the principal jiapillary muscle of

the right ventricle ; 4', some columnss

camete on the septum near the front

;

4", others posteriorly near the sep-

tum; 0, 5', the principal papillary

muscles of the left ventricle ; 6,

the deepest part of the cavity of the

right ventricle : 7, that of the left

ventricle at the apex of the heart.

rounded muscular partition. The inner surface is marked by muscular
bundles, "columnte carnete," some of which are attached by each
extremity to the wall of the ventricle and are free in the middle, others

are only sculptured in relief, as it were, being continuous with the

wall of the ventricle in their whole length ; while a third set, forming
two principal bundles, an anterior and a posterior, named musculi
jKipillares, are connected at their base with the ventricular wall, and by
the other end are attached to small tendinous cords {cliordce, iendinecR),

through Avhich they are connected with the segments of the auriculo-

ventricular valve. The inside of the conus arteriosus is smooth, and free

from columnEc carnete.

The valve guarding the right auriculo-ventricular opening is com-
posed of three triangular segments, or flaps (right, left or infundibular,

and posterior or septal), and is hence named the tricuspid. The flap-s

are mainly formed of fibrous tissue covered by endocardium. At
their bases, they are continuous with one another, so as to form an
annular memlDrane attached around the margin of the auricular open-
ing : they are directed downwards, and are retained in position within
the ventricle by the chorda3 tendincEe, which are attached to their

ventricular surfaces and free margins. The middle part of each seg-
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meiit is thicker than the rest, whilst the mrirginal part is thin, trans-

parent, and jagged at the edges (compare fig. 428, B, e, e').

The chordcG tendineaB from the anterior papillary muscle pass to the cleft

between the right and left segments, to be attached to both : the chordas tendinece

from the posterior papillary mnscle are attached in like manner to the right and
posterior segments ; while others forming a third set spring directly from the sur-

face of the septum, sometimes from small eminences upon it, and pass upwards
to be attached to the adjacent borders of the left and posterior segments.

During the contraction of the ventricle, the segments of the valve are applied

to the opening leading from the auricle, and prevent the blood from rushing

back into that cavity. Being retained by the chorda3 teudineee, the expanded
flaps of the valve resist the pressure of the blood, which would otherwise force

them back through the auricular orifice ; the papillary muscles, shortening as

the cavity of the ventricle itself shortens, prevent the valve from yielding too-

much towards the aruicle. In the angles between each pair of the principal

segments of the auriculo-ventricular valves there may be found, but not con-

stantly, as many sm.all intermediate lobes.

According to Kiirschner (Wagner's Handworterbuch, art. " Herzthatigkeit ")»

there are three kinds of cords to each segment ; a, the first set generally two to

four in number and proceeding from two different sets of papillEe, or from one of

these and the wall of the ventricle, run to the attached margin of the segment,

and are there connected also with the tendinous ring round the auriculo-ventricu-

lar opening ; h, the second set, more numerous, and smaller than the fii-st, proceed

also from two adjacent papillary muscular groups, and are attached at intervals

to the back or ventricular surface of each segment along two or more lines ex-

tending from the points of attachment of the tendons of the first order at the

base of the valve to near its free extremity ; c, the third set, which are still more-

numerous and much finer, branch off from the preceding ones, and are attached

to the back and edges of the thinner marginal portions of the valves. A few
muscular fibres prolonged from the neighbouring walls of the auricles penetrate

into the segments of the auriculo-ventricular valves ; blood-vessels accompany
these but in all other parts the valves are non-vascular (L. Langer).

A fibrous band, sometimes muscular, is often found stretching across the cavity

of the right ventricle from the base of the anterior papillary muscle to the sep-

tum. It represents the strong " moderator " band found in the heart of the ox,

and of some other mammals, and in that of birds (KoUeston).

The valve at the orifice of the pulmonary artery consists of three

flaps, a right and left and a posterior, named from their shape semilunar

or sigmoid (fig. 422 ; fig, 427, I) : they are constructed similarly to those

on the left side at the root of the aorta : and as the characters of the last

named are better marked, the more complete descrij)tion will be reserved

until these are treated of.

The left auricle occupies the left and posterior part of the base

of the heart. The atrium presents from behind, where it is best seen,

a quadrilateral appearance (fig. 423, l). In front it is in contact with

the aorta and pulmonary artery ; behind, it receives two pulmonary veins

on each side, those fi'om the left lung entering very close together ; on
the right, it is in contact with the other auricle. The auricular ajjpend-

age (fig. 420, G) is the only part of the left auricle seen from the front

:

it extends forwards from the left side of the atrium, and curves towards
the right side, resting on the pulmonary artery. It is more curved as

well as longer and narrower than that of the right auricle, and its

margins are more deeply indented.

The interior of the appendix presents musculi pectinati somewhat
similar to those in the right side of the heart, but the walls of the sinus
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venosns are altogether smooth and eyen, and are also thicker than those

of the right aiuicle. Posteriorly the openings of the jDuhnonary veins

are seen, usually two on each side, and without valves (fig. 425, 1). The
two veins of one or both sides sometimes unite into one before entering

the auricle, whilst in other cases there is found an additional opening,

Fig. 425.

—

The left afeicle
AND VENTKICLE OPENED AND
A PART OF THE -WALL EE-

JIOTED SO AS TO SHOW THEIR
INTERIOR. (Allen Tbom-
son). i

The commeneement of tlie

pulmonary artery has been cut

awa}', SO as to show the aorta :

the opening into the left ven-

tricle has been caiTied a sliort

distance into the aorta between
two of the semilunar flaps

;

part of the auricle with its

appendix has been removed.

1, the two riglit pulmonary
veins cut short ; 1', placed

within the cavity of the

auricle on the left side of the

septum and on the part which
forms the remains of the valve

of t'he foramen ovale, of

which the crescentic border is

seen ; 2', a narrow portion

of the wall of the auricle and
ventricle preserved around the

auriculo-ventricular orifice ; 3,

3', cut surface of the wall of

the ventricle, seen to become
very much thinner towards 3",

at the apex ; 4, a small part of

the wail of the left ventricle

which has been preserved with
the left papillary muscle
attached to it ; 5, 5, right

papillary muscles ;
5', the left

side of the septum ventriculo-

rum ; 6, the anterior or aortic

segment, and 6', the posterior
'^

or parietal segment of the

mitral valve
; 7, placed inr the interior of the aorta near it? commencement and

above its valve ;
7', the exterior of the great aortic sinus ; 8, the upper part of the

conus arteriosus with the root of the pulmonaiy artery and its semilunar valves ; 8',

the separated portion of the pulmonary artery remaining attached to the aorta by 9,
the cord of the ductus arteriosus; 10, the arteries rising from the summit of the
aortic arch.

most frequently on the right side. In the lower and fore part of the
auricle is situated the left cmrimh-veniricular orifice. It is of an oval
form, and is rather smaller than the corresponding opening between the
right auricle and ventricle. On the septum between the auricles, a
lunated depression may be observed (1'), comparable to a mark made
by the finger-nail on a soft surface. This is the vestige of the foramen
ovale, as it appears on the left side. The depression is limited by a
shght crescentic ridge, the concavity of which is turned upwards, and
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which is in fact the border of the now adherent membranous valve,

which during foetal life is applied to the left side of the then open fora-

men ovale. The line of adhesion may vary so as to leave more or less of

a pocket-like recess.

The left or posterior ventricle occupies the left border of the heart,

but only about a third of its extent appears on the anterior surface, the

rest being seen behind. It is longer and narrower than the right

ventricle, and tha cross section of its cavity is oval, not crescentic, the

septum on this side being concave (fig. 424), Its walls, which excepting

near the apex, are nearly three times as thick as those of the right

ventricle, are thickest at the part where the ventricle is widest, about

one-fourth of its length from the base (fig. 425, 3) ; from tliis point

they become thinner towards the auricular opening, and still thinner to-

wards the apex (3"), which is, therefore, the Aveakest part. The lining

membrane, which is continuous with that of the left auricle and the

aorta, is usually less transparent than that of the right ventricle,

especially in later life. In the interior of the cavity are noticed colmnnge

carnete, musculi papillares with chordte tendinese, and two orifices

guarded with valves. The columnm carnecc. are smaller than those of the

Fig. 426.

Fig. 423.

—

View op the base op the ventricular part op the heart, showing
THE RELATIVE POSITION OP THE ARTERIAL AND AURICULO-VENTRICULAR ORIPICES

(Allen Tliomson). f

The muscular fibres of tlie ventricles are exposed by the removal of the pericardium,

fat, bloodvessels, &c. ; the pulmonary artery and aorta and the auricles have been re-

moved. The valves are in the closed condition. 1,1, right ventricle ; 1', conus arte-

riosus ; 2, 2, left ventricle ; 3, 3, the divided wall of the right auricle ; 4, that of the

left ; 5, the left, 5',' the right, and 5", the septal segment of the tricuspid valve ; 6, the

anterior or aortic, and 6', the posterior or parietal segment of the mitral valve (in the

angles between these segments are seen smaller fringes); 7, the pulmonary artery; S,

placed upon the root of the aorta ; 9, the right, 9', the left coronary artery.

right ventricle, but are more numerous and more closely reticulated.

Their intersections are very numerous near the apex of the cavity, and
also along its posterior wall, but the upper part of the anterior Avail and
septmn is comparatively smooth. The musculi iMinllares (4, 5) are col-
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lected into two groups, which are larger than those of the right ven-

tricle. The two orifices of this ventricle are situated very close together,

with one of the segments (fig. 426, 6) of the auriculo-ventricular valve

between : the auricular opening is placed at the left and posterior part

of the base of the ventricle ; the aortic opening, in close proximity in

front and towards the right.

The Ikuspid or mitral valve (fig. 426, 6 6'), at the left auricular opening,

resembles in structure the tricusjDid valve of the right ventricle, but it is

much thicker and stronger in all its parts, and consists of only two
pointed segments, continuous at their attached bases. The larger of

the two segments is suspended obliquely to the right and in ft-ont of the

other, between the auricular and aortic openings : the smaller to the left

and behind, and close to the wall of the ventricle. There is usually

a smaller lobe at each angle of junction of the two principal seg-

ments, more apparent than those between the segments of the tricuspid

valve.

As on tlie riglit side, the two sets of cliordss tendine^ from tlie papillary

muscles proceed each to an angle between the two segments, and are attached in

like manner to their margins and ventricular surfaces (iig. 426, and fig. 428 B, e),

so that the musculi papillares, when they contract, tend to bring the edges of the

flaps together. The chordas tendineas are stronger and less numerous than in the

right ventricle. Small bands, partly muscular partly tendinous, may often be
found crossing the cavity of the ventricle in various directions. They appear to

be vestiges of the spongy structui-e of the cavity during a part of embryonic life.

The arterial or aortic orifice, circular in form, and smaller than the

auricular, is separated fr'om it only by the attachment of the anterior

segment of the mitral valve. As in the pulmonary artery, its valve

consists of three semicircular flaps {semilunar or sigmoid,) (fig. 427, II)

each of which is attached by its convex border to the side of the artery

Fig. 427.

Fig. 427.

—

The semilunar valves op the aorta and puljionart artery, seen
FROM TUEiR DISTAL SIDE (Allen Thomson).

I, transverse section of the pulmonary artery immediately above the attachment of tho
semilunar valves : a, the left, and c, the right anterior segments ; h, the posterior segment

:

opposite each the sinus of Valsalva is seen, and the attachment of the valve-segments to

the inner wall of the artery.

II, a similar section of the aorta : a, the left posterior segment, h, the anterior segment,
with the corresponding sinuses of Valsalva, from which the coronary arteries are seen to

take their origin ; c, the right posterior segment ; d, the right, and e, the left coronary
arteries.*

It would appear that the above nomenclature most correctly describes the relative

position of the valve-segments. Those of the pubuonary valve are often, however, spoken
of as an anterior, a, and two posterior ; and those of the aortic, as a posterior, c, and
two anterior.
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at the place where it joins the ventricle, whilst its other border, nearly
straight, is free, and projects into the interior of the ressel.

Fig. 428.

—

Views of parts of
THE SEMILUNAR AND MITRAL
VALVES, AS SEEN FROM WITHIN
THE VENTRICLE (Allen Tliom-
son).

A, portion of the pulmonary
artery and wall of the right ven-
tricle with one entire segment and
two half segments of the valve

;

a, i, c, sinuses of Valsalva oppo-
site the segments ; d, d', inner

surface of the ventricle ; 1, 2,

curved attached border of the seg-

ments ; 3, the middle of the free

border (corpus Arantii).

B, portion of the aorta and wall

of the left ventricle with one entire

segment and two half segments of

the aortic valve, and the right or

anterior segment of the mitral

valve ; a, b, c, sinuses of Valsalva

opposite the segments ; in a, and
h, the apertures of the coronary

arteries are seen ; d, d', the inner

surface of the wall of the ventricle
;

1, 2, and 3, as before ; e, e', the

base of the anterior segment of

the mitral valve
; /, its apex ; be-

tween e, and e', and/, the attach-

ment of the branched chords
tendinete to the margin and outer

surface of the valve segment
; g,

right, h, left principal papillary

muscle : the cut chordse tendinesB

are those which belong to the pos-

terior segment and the smalj or

intermediate segments.

The segments of these vnlves

are composed of fibrous tissue

covered by a jirolongation of

the endo-cardium on the one
side, and of the inner coat of

the artery on the other side.

Their thickness varies at diffe-

rent parts. A tendinous band
strengthens the free edge of

the valve, and at the middle

of that margin there is a slight fibro-cartilaginous thickening, the noduhis or

corjms Arantii (fig. 428, 3). Other tendinous fibres, arising from the attached

border, run in the valve towards the nodule : occupying its whole extent, except

two narrow lunated portions, one on each side, adjoining the free margin of the

valve. These parts, which are named Imiulcr, are therefore thinner than
the rest. There is also a strengthening fibrous cord surrounding the attached

border of each valve. The wall both of the aorta and pulmonary artery is bulged

out opposite each semilunar flap : these bulgings are kno"mi as the sinuses of
Valsalva. In the aorta these are situated one anteriorly and two posteriorly (right

and left). From the anterior arises the right coronary artery; from the left
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posterior the left coronary arteiy : these vessels being for the supply of blood to
the substance of the heart.

Fig. 429.

—

Section through one of
THE ELAPS OF THE AORTIC VALVE, AKD
PART OE THE CORRESPONDING SINUS OP
A^VLSALVA, WITH THE ADJOINING PART
OF THE VENTRICULAR WALL. (V.

Horsley.
) |.

a, endocardium, prolouged over the
valve ; b, subendocardial tissue ; c, fibrous

tissue of the valve, thickened at c'

near the free edge ; d, section of the
hmula ; e, section of tlie fibrous ring ;

/, muscular fibres of the ventricle attached
to it

; g, loose areolar tissue at the base

of the ventricle ; s. V., sinus Valsalvre :

1, 2, 3, inner, middle, and outer coats of

the aorta.

The capacity of the sinuses of

Valsalva is greater, and the tendi-

nous tissue in the valves is more
strongly marked at the mouth of the

aorta than at the commencement of

the pulmonary arteiy.

The part of the left ventricle ad-

joining the root of the aorta forms
a small compartment, the " nnrtic

vestibule'''' of Sibson, the walls of

which are fibrous, or, in some jDarts,

fibro-cartilaginous, so that it remains
uncoUapsed, and allows space for

the bulging flaps of the aortic valve

to descend during diastole.

Fig. 429.

POSITION OP THE PAETS OF THE HE'AET WITH RELATION TO THE
WALL OF THE THORAX.

Nearly two-thirds of the bulk of the heart lie to the left of the middle
line (fig. 430). The right cmrich (3') lies behind the sternal ends of the

third, fourth and fifth costal cartilages, and the intervening portions of

the intercostal spaces, and is also partly covered by the right edge of the

sternum. The point of its auricular appendage is exactly behind the

middle line on a level with the upper border of the third costal carti-

lages (3). The Jpft auricle extends vertically from the level of the lower

border of the second left cartilage to the upper border of the fourth

(sternal end) ; and in breadth corresponds to the body of the eighth

dorsal vertebra and the head of the adjoining rib. The apex of its

appendage (4) is in the lower part of the second intercostal space or

behind the third costal cartilage, about an inch and a quarter from the

left of the sternum. The right ventricle extends fi'om above down from
the third to the sixth cartilages on the left side. The conus arteriosus

is its most projecting part, being uncovered by lung. The auriculo"
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Fig. 430.

Fig. 430.

—

Semi-diagrammatic REPRESENTATION op the chest, to show the position

OF THE HEART AND GREAT VESSELS, AS SEEN BEHIND THE STERNUM AND COSTAL

CARTILAGES (A. Tliomson, modified from Lusclika). ^

Tlie lungs have shrunk from the front of the chest. The heart is slightly higher

than during life, and the aorta more to the right, a, right clavicle ; h, scalenus

anticus muscle ; c, sterno-mastoid muscle divided ; d, pectoral muscles divided

;

+ , axillary nerves above the subclavian ai-tery ; c, trachea below the istlnnus of the

thyroid body
; /, /, upi^er surface of the diaphragm

; g, g, lungs
;
g', on the left side,

apex of the lung appearing in the neck ; h, right, h', left lobe of the liver ; i, stomach
;

k, Jc, transverse colon ; I, to X, first to tenth ribs near their cartilages ; 1, placed on

the lower part of the manubrium of the sternum, and over the arch of the aorta

(indicated by dotted lines) ; 2', placed in the second left intercostal space, on the stem of

the jjulmonary artery ; 3, appendix of the right auricle ;
3', on the sinus venosus, behind

the third space ; 3", its lower part at the junction of the sixtli and seventh costal car-

tilages with the sternum ; 4, left auricular appendix ; 5, 5, right ventricle ; 6, left ventricle

;
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6', apex of the heart : the white line outside the heart is intended to indicate the external

pericardium, as if the anterior half were removed by a transverse incision ; 7, 7, vena
cava superior ; 8, 8, internal jugular veins ; 9, 9, subclavian veins, joining the jugular

;

9-7, 9-7, innominate veins ; the right rising behind the sterno-clavicular articulation, the

left crossing obliquely behind the upper half of the manubrium. The j)osition of the first

parts of the innominate artery, left carotid and left subclavian arteries, is indicated be-

hind and below this vein ; 9', 9', outer part of the subclavian arteries. It is to be observed

that in this figure the attachment of the sixth costal cartilage to the sternum is represented

a little too high.

i.'entriciilar sulcus corresponds with a line di'awn obliquely upwards from
near the sternal end of the sixth costal cartilage on the right side, to

the third cartilage on the left. The roimdecl margin formed by the left

ventricle extends on the left side fi'om the third cartilage to a point in

the fifth space two inches yertically below the nipple. The shmy margin
formed by the right ventricle passes from the sternal end of the sixth

cartilage on the right, and passes transversely behind the seventh right

cartilage, the ensiform (at its upper third), and the seventh left cartilage,

to meet the other margin at the apex.

The a^jex of ilie heart (fig. 430, 6') is situated about 3-i inches to the

left of the middle line, in the fifth intercostal space, close to the upper
margin of the sixth rib.

The auriculo-vcntricidar openings lie slightly to the left of the line of

the auriculo- ventricular sulcus. The right orifice lies behind the sternum,

on a level with the fourth intercostal space. The left is behind the left

half of the sternum, on a level with the fourth costal cartilage. The
orifice of the pulmonary artery is placed hnmediately to the left of the

sternum, behind the edge of that bone and the third cartilage, and
the pulmonary trunk extends up to the second left cartilage. The
emetic orifice, also partly behind the left half of the sternum, is on a
slightly lower level than the orifice of the puhnonary artery (being-

opposite the lower part of the third cartilage and the third intercostal

space), and is covered by it in one-fourth its diameter. The aortic

orifice is exactly behind the posterior v/all of the conus arteriosus.

INTIMATE STRUCTtTRE OF THE HEART.

The heart is closely invested by a serous membrane, the cardiac peri-

cardium {epicarcliimi), and its cavities are lined by a smooth membrane,
termed the endocardium, but the main substance of the organ is com-
posed of muscular tissue (inyo-cardium), with a certain amount of

interstitial areolar tissue and numerous blood-vessels, lymphatics, and,

in some parts, nerves and ganglia. There is also a considerable amount
of fat chiefly collected at the base of the heart and beneath the peri-

cardium, while in connection with the large orifices at the base of the

ventricles a mass of fibrous tissue and fibro-cartilage occurs, which in

some animals, as the ox, is bony, and is known as the os cordis. This
central fibro-cartilage is placed in the angle between the aortic and the

two am-iculo-ventricular openings (see fig. 426), and from it pro-

cesses pass in various directions. One of these extending downwards
to meet the fleshy septum of the ventricles, separates the left ventricle

from the right auricle, forming the right boundary of the aortic vestibule.

These processes form the bases of what have been described by authors

as ihefilrous or tendinous rings of the auriculo-ventricular and arterial

openings. The fibrous tissue of these rings is continuous with that

which is found in the segments of the valves, strengthened on the sides
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next the septum by the processes from the fibro-cartilage. The rings of

the arterial orifices give attachment below to some of the muscular

fasciculi of the ventricle, whilst above they project between the flaps of

the valves, with the curved border of which they are continuous, as well

as "oith the middle coat of the artery. The fibres of the middle coat of

the artery, here comparatively thin, are not arranged annularly, as in

other parts of the vessel, but converge to the intervals between the

.sinuses of Valsalva, to be attached to the projections of the fibrous rings.

Fig. 431.

are seen
; g, g

,

surrounding them.
right and left pulmonary veins

Fig, 431 .

—

Anterior view of
HEART OP A YOUNG SUBJECT
DISSECTED AFTER LONG BOIL-

ING, TO SHOW THE SUPERFICIAL

MUSCULAR FIBRES (Allen Thom-
son). I

This figure is planned after one
of Luschka's, but its details were
chiefly taken from an original

preparation. The aorta, h', and
pulmonary artery, a', have been
cut short close to the semilunar
valves, so as to show the anterior

fibres of the auricles, a, super-

ficial layer of the fibres of the
right ventricle ; h, that of the

left ; c, c, anterior interventricu-

lar groove, from which the coron-

ary vessels have been removed,
d, right auricle ; d', its appendix,

both showing chieflyperpendicalar

fibres; e, upper part of the left

auricle ; between e, and b', the

transverse fibres which behind the

aorta pass across both auricles

;

e', appendix of left auricle
; /, su-

perior vena cava, around which,
near the auricle, circular fibres

with circular bands of fibres

The tendinous rings of the aortic and left auricular orifices are confluent,

•so that when the fibrous tissue is destroyed by boiling the two apertures

run into one.

ARRANaEMENT OF THE MUSCtJLAR FASCICULI.

The arrang-ement of the fasciculi (or " fibres," as they are ordinarily termed)
jn the auricles and ventricles must be considered separately, for the muscular
bundles of the two are not continuous, being only connected by the fibrous tissue

around the auriculo-ventricular orifices : in conformity "with this it is seen that,

after boiling the heart, the auricles may be easily separated from the ventricles.

Pibres of the auricles.—These consist of a superficial set, common to both
cavities, and of deeper fibers proper to each. The mj'crjicial fibres run trans-

versely over both venous sinuses, and are most numerous on the anterior

surface
; some pass in at the inter-auricular septum (fig. 431). Of the deeper

fibres, which are proper to each auricle, some pass over the auricle, and seem to

be attached by both extremities to the corresponding auriculo-ventricular rings
(lopjjcd fibres). Others, which are termed annular fibres, encircle the auricular
appendages (fig. 431 d', 431 e'), some longitudinal fibres running within them.
Annular fibres also surround the entrances of the venae cavee (/, •/) on the right,

and of the coronary vein and the pulmonary veins on the left side of the heart

\(Ji ^0)—the muscular fibres extending for some distance from the auricle upon
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tlie veins, especially upon the superior vena cava and the pulmonary veins. The
fossa ovalis in the septum is also encircled by annular fibres.

Fibres of the ventricles.—The muscular fasciculi of the ventricles have a

very intricate disposition, which has received great attention from anatomists.

Many of the statements, however, are conflicting, and it must be confessed that

the subject still admits of further investigation.*

The fibres on the outer surface of the ventricles (figs. 431, 432, a, H) extend from

the base, where they are attached to the tendinous structures around the orifices,

towards the apex of the heart, where they pass with an abrupt twist into the interior

Fiff. 432.Pig. 432 .

—

Posterior view of
THE SAME PREPARATION AS

IS REPRESEI^TED IM THE PRE-

CEDiKG FIGURE (Allen Thom-
son). I

a, right ventricle ; b, left

ventricle ; c, posterior interven-

tricular groove, from which the

coronary vessels have been re-

moved ; cl, right auricle ; c, the

left
; /, superior vena cava

; g,

g', pulmonary veins cut short
;

h, sinus of the great coronary

vein covered by muscular fibres
;

]>!, posterior coronary vein joining

the j)rincipal one ; /, inferior

vena cava ; i', Eustachian valve.

of the left ventricle. Their
general direction is not vertical

but oblique, especially in front

(fig. 431), just as if while the

hase of the organ remained fixed

the apex had been tmsted half

round in the direction of the
•motion of the hands of a watch.
They form a distinct thin super-

ficial stratum,bestmarked at the
back of the right ventricle, for

here the direction of the fibres is quite different from those immediately beneath.
At the back they pass over the septum without turning in : at the front they
are somewhat interrupted by fibres which come out from the septum ; except
towards the base and apex, where they cross uninterruptedly from one ventricle
to the other (fig. 433).

If the superficial fibres be traced into the interior of the left ventricle at the apex,
it is found that they pass for the most part into continuity with the papillary mus-
cles, and the adjacent parts of the inner layer of muscular fibres of that cavity.
Most of those which are seen crossmg over the front and left side of the heart can
be traced towards the posterior papillary muscles, whilst those which pass over the
back and right side of the heart, are chiefly continuous with the anterior papillary
muscle. Many of the superficial fibres, however, after gaining the interior of the left

ventricle, do not pass into the papillary muscles, but spread out as an inner vertical
layer of muscular fasciculi, which pass upwards to be attached to the fibrous rings
at the base of the ventricle.

The peculiar spiral concentration of the fibres of the heart at the apex is known
as the vortex or n-liorl, and is produced, as already described, by the twisting or
interlocking of the external fibres as they pass to be continuous with those in

* For convenience of description in the following account of the course of the fibres,

the heart is supposed placed apex downwards, and with the anterior and posterior surfaces
about equally occupied by the two ventrieles (as represented in figs, 431, 432).
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the interior. It has been thought that a similar continuity was the rule at

the base of the heart also, and that few if any of the bundles are attached to the

tendinous rings. But although it is true that some bundles may turn round at

the auriculo-ventricular openings, this is by no means general, and most of the

muscular fasciculi must be described as being attached to the fibrous and fibro-

cartilaginoiis structures at the base, either directly or through the medium of the

chordaj tendinea3 and segments of the valves.

Fig. 433.

—

Surface fibres of the ventricles of the human heart from the
FRONT and below (Rcid).

5, bundle of fibres emerging from the interior of the left ventricle at the vortex a,

ami crossing the lower part of the septum unintei'ruptedly. At d the surface fibres are

somewhat interrupted.

The greater part of the thickness of the wall of the left ventricle is formed
of fibres which are attached above, lihe those just described, to the fibrous rings

at the base. From there they pass obliquely downwards in the posterior and left

wall and more directly downwards in the anterior wall towards the apes. But

Fig. 434. Fig. 434.

—

View op the fibres of
TUB sheep's heart, DISSECTED

AT THE APEX TO SHOW THE
" VORTEX " (Pettigrew).

a, a, fibres entering the apex pos-

teriorly at h ; c, c, fibres entering

the apex anteriorly at d.

before reaching this they are in-

clined, especially the anterior

fibres, somewhat abruptly towards

the front of the septum, which
they enter near its lower end.

They may now be divided into

three sets. (1) Many pass at once obliquely upwards in the septum to be

attached to the central fibro-cartilage, so that these may be regarded as

forming simple V-shaped muscular loops around the cavity of the left ven-

tricle. (2) Others cross in the septum in their passage upwards and pass to the
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posterior wall of the right ventricle, being jnartly continuous with its posterior

papillary muscle. (3) Others again pass nearly horizontally into the posterior

wall of the left ventricle, and take an annular course in it. But many of these

annular fibres of the left ventricle (which are found about the middle of its

thickness) are continuous with the deeper fibres of the right ventricle.

The right ventricle so far as regards the arrangement of its muscular fasciculi

may be looked upon as an appendage of the left. Its superficial fibres are

directly continuous, as we have seen, with the papillary muscles of the left ven-

tricle. Its deeper fibres also mostly pass into continuity with those of the lefc

ventricle. Attached above to the fibrous structure encircling the right auriculo-ven-

tricular and the pulmonary apertures, either directly or (in the case of the papil-

lary muscles) indirectly through the chordse tendineae they pass towards the

septum. The posterior fibres enter this behind and pass forwards, in it to the
front of the left ventricle (as above described under 2) ; the anterior enter the
septum in front and pass backwards in it, Intercrossing with those just mentioned,

to the posterior part of the left ventricle ; while the middle set of fibres, derived

chiefly from the external wall of the right ventricle, enter the lower part of the
septum and are directed upwards in it to be attached to the central fibro-cartilage.

Finally a considerable number of fasciculi pass straight across theseptum without
turning into it and appear to encircle both ventricles. There are besides certain

sets of fibres which appear not readily assignable to any of those above described :

some, for instance, which encircle the pulmonary orifice, and others which, as

Sibson has shown, radiate upwards from the base of the anterior papillary muscle
of the right ventricle, to be attached to the tendinous structures at the base of the

heart, especially to the pulmonary ring, opposite the two anterior sinuses of Val-

salva.

Fig. 435.

—

View of a partial dissec- Fig. 435.

TION OF THE FIBRES OF THE ANTEEIOK
WALL OF THE VENTRICLES IN A SHEEP's

HEART, DESIGNED TO SHOW THE DIFFER-

ENT DEGREES OF OBLIQUITY OF THE
FIBRES (Allen Thomson),

At the base and apex the superficial

fibres are displayed : in the intervening

space, more and more of the fibres have
been removed from above downwards,
reaching to a greater depth on the left

than on the right side. rt^, a}, the

superficial fibres of the right ventricle;

6\ 6', the same of the left ventricle
;

at 2 these fibres have been removed so as

to expose those underneath, which are

seen to have the same direction as the

superficial ones over the left ventricle,

but different over the right ; at 3 some
of these have been removed, but the

direction is only slightly different ; 4,

transverse or annular fibres occupying the

middle of the thickness of the ventricu-

lar walls ; 6, 7, internal fibres passing

downwards towards the apex to emerge at

the whorl ; between c, c, the anterior

coronary or interventricular groove, over

which the superficial fibres are seen cross-

ing
; in the remaining part of the groove, some of the deeper fibres turn backwards

into the septum ; d, the pulmonary artery ; e, the aorta.

In the middle of the thickness of the ventricular wall the fibres are, as before
said, annular and transverse (fig. 485, 4, 4') ; but, as Ludwig showed, they pass
by the most gradual transition into the diagonal ones nearer the surfaces, so that
any separation into lajers which may be effected (with the exception of the

VOL. JL
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superficial stratum over tlie right ventricle) must be looked upon as in a great
degree artificial.

The muscular fibres of the heart are cross-striated, but differ from the
fibres of the vohmtary muscles in being constantly branched and united
to one another so as to form a complete network or spongework with
reticulating interstices. They are moreover composed in the manner
already described (pp. 135, 136,) of somewhat oblong occasionally

forked cells, cemented together end to end. The interstices between the
fibres are filled by connective tissue, with numerous blood-vessels,

lymphatics, and nerves.

Vessels.—The muscular substance is supplied with blood by the
coronary arteries, the origin and course of which, as well as of the
cardiac veins, are elsewhere described. The smaller branches penetrate

into every part of the muscular substance, the capillaries being very
numerous and closely arranged. The valves are non-vascular, except
where muscular tissue occurs in them, as is sometimes found to be the
case in the auriculo-ventricular valves (L. Langer).

The lymphatics (which are found in gTeat number beneath both the
pericardium and endocardium), are also, as was shown by Schweigger-
Seidel, extensively distributed, tln^oughout the muscular substance,

occurring in the form of freely communicating fissure-like spaces,

between the muscular bundles, and lined by epithelioid cells ; the

mode of origin being thus to a certain extent lacunar. According to

SkwartzofiF, whose observations were made upon the heart of the rabbit,

dog, and calf, the lymphatics of the ventricles are independent of those

of the auricles and are chiefly collected into a trunk which lies in the

anterior longitudinal groove, turns to the left around the aorta and
passing between this vessel and the trachea enters the lymphatic gland or

glands which are there situated. From them the lymph passes into the

right innominate vein. Other of the cardiac lymphatics pass round
at the reflection of the pericardium and over the parietal layer to reach

the thoracic duct.

Nerves.—The nerves given off by the cardiac plexuses appear

rather small in comparison with the bulk of the heart ; they are derived

partly from the cerebro-spinal and partly from the sympathetic system

(more esiDecially from the pneumogastric nerve, and from the cervical

and superior thoracic ganglia of the sympathetic nerve).

Nerves of the auricles. From the cardiac plexuses at the base of

the heart, nerves pass to the auricles and there join a plexus chiefly of

non-medullated fi]3res, which is beset with numerous small groups of

ganglion-cefls. This gangliated plexus lies for the most part imme-
diately beneath the pericardial covering of the auricles, but its branches

penetrate into the muscular substance.

In the dog's heart Dogiel found three principal groups of ganglia, viz., one

between the superior cava and the right auricular appendix, another between the

same vein and the root of the aorta, and a third between the root of the aorta

and the pulmonary veins. Schklarewski, in different mammals, describes them as

occurring chiefly in the interauricular septum and in the auriculo-ventricular

groove. The same is affirmed by Skwartzoff, who, however, found the ganglia

on the auricular plexus to be most numerous over the left auricle, and Vignal

states, with regard to the human heart, that it is especially near the orifices of

the pulmonary veins that they occur in largest number.

Nerves of the ventricles. From the cardiac plexuses at the base
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of the heart nerves are given off which, passing downwards along the

commencement of the aorta and pulmonary artery, reach the coronary

arteries, and accompanying these in their com'se form secondary plexuses

(right and left coronary plexuses) around those vessels. Erom the coronary

plexuses numerous branches proceed, which pass, for the most part, over

the surface of the ventricles under the pericardium, but a few small

branches are directed upwards to join the auricular plexus of nerves.

Small microscopic groups of ganglion-cells occur, as was shown by

Eemak, both upon the coronary plexuses and also here and there along

their branches for a certain distance.

In the frog, the only nerves wMch pass to the heart are the cardiac branches

of the vagi, one from each, which reach the heart along the superior venee cavse,

and after coursing along the sinus venosas (into the undivided cavity of which
the veins pour their blood) enter the septum between the two auricles. In the

septum the nerves, now become anterior and posterior, pass down, and at the

junction of the auricles with the single ventricle, they each end in a group of

ganglion-cells, known as the ganglia of Bidder. But along their whole course

in the heart they are beset at intervals with small groups of ganglion-cells, and
on all their branches in the venous sinus and in the tnterauricular septimi similar

cells occur, either intercalated in the small nervous cords, or set laterally upon
them. No ganglion-cells have been proved to occur either on the branches which
are distributed to the auricles (with the exception of the septum) or on those

which pass to the muscular substance of the ventricle.

The cardiac pericardium or epicardium has the usual structure of

a serous membrane. It is covered externally by a pavement epithelium

Fig. 436.

—

Section of a part of Fig. 436.

THE PERICARDIUil OF THE EIGHT
AURICLE (E.A.S.).

a, Serous epithelium in section; h,

connective tissue layer ; c, elastic

network ; d, subserous areolar tissue

;

e, fat
; /, section of a blood-vessel

;

r/, a small ganglion ; 7t, muscular

fibres of the myocardium ; i, inter-

muscular areolar tissue.

of irregularly polygonal ceUs

and as in other serous mem-
branes stomata are found here

and there between these, per-

mitting a communication be-

tween the pericardial cavity

and the lymphatics of the

membrane (SkwartzoflF). The
substance of the membrane is composed of connective tissue with much
elastic tissue, chiefly collected into a well developed network in the

deeper layer (fig. 436, c).

The subserous areolar tissue is continuous with the interstitial tissue

between the fibres of the myocardium. In it run the vessels and nerves

before dipping down into the muscular substance, and a system of lym-
phatic vessels, connected with the lymphatic spaces of the myocardium,
also occurs here. The vessels and nerves are generally imbedded in a

K K 2
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considerable amount of fat (fig. 436, e), Trhich is especially collected

in the furrows, but may in fat subjects extend as a layer co\'ering the

greater part of the surface ; and may even be found in the larger

interspaces of the myocardium, and beneath the endocardium.

The endocardium furnishes a hning to all the cavities of the heart,

following the inequalities of the inner surface of the organ, and becoming
continuous at the venous and arterial orifices with the inner coat of the

Fig. 437.
Fig. 437. — Section of a part op

THE ENDOCARDIUII OF THE RIGHT
AURICLE.

a. Lining epithelium ; h, connectiTe

tissue with fine elastic fibres ; c, layer

with coarser elastic fibres ; cl, subendo-
cardial connective tissue continuous with
the intermuscular tissue of the myocar-
dium ; h, muscular fibres of the myo-
cardium ; in, plain muscular tissue in

the endocardium.

respective veins and arteries. A layer of flattened epithelial cells covers

and lines the inner surface (fig, 437, a), and beneath this the endo-
cardium consists of connective tissue with a close network of elastic

fibres often passing into fenestrated membrane. Plain muscular fibres

are present in some parts (in). The ordinary cardiac muscular fil^res

extend in many places close up to the endocardium, but in others are

separated from it by some amount of areolar tissue. In this tissue, fat

is often met with, especially in fat subjects and in fatted animals. In
the heart of some animals, as the sheep, large beaded reticulating fibres

are met with Ijing in the subendocardial tissue, and, having been first

described by Purkinje, are known by his name. When examined with
the microscope these fibres of Purkinje are found to be composed of

large clear cells, joined end to end, and containing in their centre one
or two nuclei (generally two) embedded in a more gTanular substance.

The periphery of the cells in question is composed of transversely

striated substance, and they appear to represent a condition of arrested

development of cardiac muscular tissue. According to Gegenbaur they

are occasionally to be found in the human heart. The endocardium is

usually more opaque on the right side than on the lefb ; and thicker in

the auricles (the left especially) than in the ventricles ; it is, however,

very thin on the musculi pectinati of the auricles and on the columnte

carnese of the ventricles.

DIMENSIONS AND WEIGHT OF THE HEAET.

Size.—It was stated by Laennec, as the result of his experience, that

the heart in its natural condition is about equal in size to the closed

hand of the individual. It is about five inches long, three and a half

in its greatest width, and two and a half in its extreme thickness from
the sternal to the diaphragmatic surface ; but linear measurements of a

flaccid organ like the heart must be subject to so many accidental

variations as to render them of little value.

"Weight.—The weight of the heart in the adult is also subject to

considerable variation, ranging between rather wide limits, which depend
on the general weight of the body and on the sex.
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Its mean weight is about 9 or 10 oz.

According to Reid's tables, the average "weight in the adnlt male is as high as

11 oz., and in the female 9 oz. ; while according to Peacock the average of the

male is 9f oz. , and that of the female 9 oz. The proportion of the weight of the

heart to that of the body is from 1 to 150 to 1 to 170.

It was shown by Clendinning that the heart continued to increase in weight
up to an advanced period of life, but at a comparatively slower rate subsequently

to the age of twenty-nine years.

Similarly Beneke finds the vohime of the heart to increase with age, at first

rapidly then gradually. Thus in the new-born infant the average volume is 22

cubic centimetres ; at the fifteenth year it is 160 cc. to 160 cc. ; and at the

twentieth year about 250 cc. After this it increases but slowly up to the fiftieth

year, by which time it has arrived at 280 cc. Subsequent to this there is a slight

gradual diminution. Up to the age of puberty the volume is about the same
in both sexes, but after puberty it is 25 cc. to 30 cc. larger in the male. On
account of the obvious difiiculties of the investigation these statements can how-
ever only be regarded as approximate.

The auricles are generally stated to be rather less capacious than the ventricles.

The right auricle is also said to be larger than the left, in the proportion of 5 to

4 (Cruveilhier). In the ordinary modes of death, the right ventricle is always
found more capacious than the left, probably owing to its being distended with
blood : the left ventricle, on the other hand, is found nearly empty, and thus

becomes more fully contracted. There are good reasons for believing that during

life scarcely any difference of capacity exists between the two cavities.

The right auriculo-ventricular opening, and the orifice of the pulmonary
artery, are both found to be somewhat lai-ger after death than the corresponding

openings on the left side of the heart.*

Literature.—On the structure of the heart.— Weismann, in Arch. f. Anat., 1861;
EbeHh, in Virchow's Archiv, XXXVII. ; Ohermaier, in Arch. f. Anat., 1867 ; Lehnert, in

Arch. f. mikr. Anat., 1868; Schiveigger-Seidel, article "Heart" in Strieker's Hand-
book, 1871 ; HoUeston, Harveian oration, Brit. Med. Joum., 1873 ; Paladino, Contrib.

all'anat. d. cuore, 1876 ; Bernays, in ilorph. Jahrb. II. (valves) ; Gegenbaur, in Morph.
Jahrb. III. (Purkinje's fibres) ; Jianvier, Lecons faites au College de France, 1880

;

L. Lanyer, in Wiener Sitzungsb., 1880, (on foramina Thebesii and valves).

On the lymphatics of the heart.

—

Skwartzoff, in Pfliiger's Archiv, VIII. ; SchumTcow,

in the same (IjTnphatics of pericardium) ; Salvioli, in Arch. p. 1. sci. med., 1878.

On the nerves of the mammalian heart.

—

Remah, in MtiUer's Archiv, 1844 ; Skwartzoff,

loc. cit. ; Dogiel, in Arch, f . mikr. Anat. XIV. ; Schklarewski, in Gottiuger Nachricten,

1872 ; Champneys, in the Journ. of Anat., 1879 ; Vignal, in Arch, de physioL, 1881.

On the dimensions and weight of the heart.

—

Retd, in the Lond. and Edin. Monthly
Journal of Med. Science, April, 1843 ; T. B. Peacock, in the same jom-nal, in 1846, and
reprinted separately, vith additional observations, in 1854 ; Clendinning, in the Medic.

Chir. Transact., 1838 ; Beneke, in Marhurger Schriften XL, 1879.

On the subject of the arrangement of the cardiac fibres may be consulted C. F. Wolff,

De ordine fibrarum muscularium cordis; Act. Acad. Petropol. 1780—1792; C. Ludwig,
in Zeitschrift fiir rationelle iledizin, 1849 ; and Miiller's Archiv ; Winckler, in Archiv
fur Anatomie tind Physiologic, 1865 ; J. Pettigrew, in Philosoph. Transactions, 1864

;

Slhson, Medical Anatomy, 1869.

* Tables exhibiting the weight of the heart at different ages, and also the average

dimensions of the auriculo-ventricular and arterial orificeSj wiU be found in previous

editions of this work.
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ORGAK"S OP KESPIRATIOK.

Besides the heart, the thorax contains the principal organs of respira-

tion, A'iz., the hmgs and a part of the trachea. The larynx, which is

affixed to the upper end of the windpipe, and is not only the entrance

for air into the respiratory organs from the pharynx, but also the organ
of voice, will be described after the lungs.

THE LUIfGS.

The lungs occupy by far the larger part of the cavity of the chest, and
during life are always in accurate contact with the internal surface of

its wall. Each lung is attached at a comparatively small part of its

flattened inner or median surface by a part named the root. In other

directions the lung is free and its surface is closely covered by a serous

membrane, which is reflected at the root to the corresponding side of the

thorax, and named the (right or left) pleura.

THE PLEURA.

The plenrse are quite distinct from each other. Each consists of a

visceral and 2i> parietal portion. The visceral -portion, pleura piulmonalis,

covers the lung ; and the parietal portion lines the ribs and intercostal

spaces, ^/rnrfl^ costalis, covers the upper convex surface of the diaphragm,

enters into the formation of the mediastinum, and adlieres to the sides of

the pericardium.

At the root of each lung the visceral and parietal portions of the

corresponding pleura are continuous with one another ; and, at the

lower border of the root, is a fold of the serous membrane, extending

vertically along the inner surface of the lung do'v^m to the diaphragm, to

which it is attached by its extremity ; this fold is named ligamentum

latum pulmonis.

Along the inner border of each lung there descends a ligamentous band, an
offshoot of the prevertebral fascia, attached above to the bodies of the cervical

and first dorsal vertebras and below to the pericardium and central tendon of the

diaphragm. These bands, the " suspensory ligaments of the diaphragm " of

Teutleben, embrace the roots of the lungs, and in a measure serve to fix both

these and the other parts to which they are attached below.

The upper part of the pleura, together with the apex of the cor-

responding lung, rises into the root of the neck, reaching from one to

two, inches above the anterior end of the first rib (half an inch to one

and a half inches above the clavicle, Pausch), and passing up under cover

of the scaleni muscles. Anteriorly the plem-al sacs of opposite sides come
nearly or altogether into contact behind the second piece of the sternum,

and continue so for some distance ; but opposite the lower end of the

sternum the right pleura passes beyond the middle line or remains close

to it, while the left recedes to a variable distance. Inferiorly the pleurss

do not pass quite down to the attachments of the diaphragm, but leave a

portion of its circumference in contact with the costal parietes. Owing
to the height of the diaphragm on the right side (corresponding with the
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greater convexity of the liver), the right pleural sac is shorter than the

left ; it is at the same time T\ider. Behind, the louver extent of the

pleura is as far down as the vertebral end of the twelfth rib, or even

in some cases as far as the transverse process of the first lumbal
vertebra. In the line of the axilla, the right pleura extends down to the

lower edge of the ninth rib, while the left pleura reaches to the lower

edge of the tenth (Luschka). In front the right pleura reaches down
to the junction of the seventh rib with its cartilage ; the left pleura a
Httle lower.

A small slip of muscle arising- from the transverse process of tlie last cervical

vertebra, is described by Sibson as expanding into a dome-like aponeurosis or
fascia, which covers or sti'engthens the pleural cul-de-sac, and is attached to the
whole of the inner edge of the first rib.

Structure.—The pleura possesses the usual characters of serous mem-
branes. The costal part is the thicker, and may be easily raised from
the ribs and intercostal spaces. It is strengthened here by a layer of

subserous areolar tissue of considerable thickness. On the pericardium
and diaphragm the pleura is thinner and more firmly adherent ; but it is

thinnest and least easily detached upon the surface of the lungs. A
difference is also noticeable in the character of the superficial epithelial

layers, for while on the pleura costalis this consists of the ordinary

flattened cells, en the pleura pulmonalis the ceUs are less distinctly

flattened and more granular and polyhedral, but they become flat-

tened out when the lung is distended (Klein). Lymphatic vessels are

abundant in and beneath the pleura as in other serous membranes,
and they communicate in many parts, by means of stomata, with
the cavity of the membrane. In the ;pleura costalis the stomata
are only found over the intercostal spaces not over the ribs

(Dybkowsky).
Beneath the serous covering there is placed a thin layer of subserous

areolar tissue mixed with a large number of elastic fibres. It is con-
tinuous with the areolar tissue in the interior of the lung, and has been
described as a distinct coat under the name of the second or deeper layer

of the pleura. In the lungs of many animals, such as the lion, seal, and
leopard, this subserous layer forms a very strong membrane, composed
principaUy of elastic tissue ; in others, as the guinea-pig, a network of

plain muscular fibres is found which have a general radiating direction

from the apex (Klein). A close plexus of lymphatic vessels is also met with
in this sub-plem-al tissue : these vessels communicate on the one side by
means of stomata with the pleural cavity, and on the other, as will be
afterwards noticed, with a network of similar vessels in the inter-alveolar

septa of the lungs. A uniform network of capillary blood-vessels covers

the surface of the lung. These are supplied from branches of the bron-
chial arteries. They are less closely arranged than the blood-vessels of the

pulmonary alveoli, and are thus as weU as by their position easily dis-

tinguishable from them in specimens of injected lung.

THE LTTNGS.

Each lung is irregularly pyramidal or conical, with the base down-
wards (fig. 438). The broad, concave base is of a semilunar form, and
rests upon the arch of the diaphragm. It is bounded by a thin margin.
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which is received in the angle between the rihs and the diaphragm, and
reaches much lower down behind and at the outer side than in front. The
apex is blunt, and, as already mentioned, reaches into the root of the

neck, above the first rib, where it is separated from the first portion of

the subclavian artery by the pleural membrane. The apex is generally

marked by a groove where the subclavian artery crosses it. The outer

surface, which moves upon the thoracic parietes, is smooth, convex, and
of great extent, corresponding with the arches of the ribs and costal

cartilages. The inner surface is concave, and in part adapted to the

convex pericardium. The posterior border is rounded, and is received

into the deep groove formed by the ribs at the side of the vertebral

column ; measured from above downwards, it is the longest part of the

lung. The anterior border is thin and. overlaps the pericardium, forming
a sharp edge, which, opposite the middle of the sternum, is separated

during inspiration from the corresponding margin of the opposite lung

only by the two thin layers of the mediastinal septum. Upon the inner

surface, somewhat above the middle of the lung, and considerably nearer

Fig. 438.

Fig. 438.

—

Outline op the lungs prom before (after His). |

R, right lung ; L, left lung ; a, h, c, upper, middle, and lower lobe of right lung

;

h', c', upper and lower lobes of left lung. The fissures are indicated by dotted lines.

to the posterior than the anterior border, is the root, where the bronchi

and great vessels join the lung.

The left lung is divided into two lobes by a loug and ^qq'^ fissure,

which penetrates obliquely upwards and inwards from the outer surface

to within a short distance of the root. The ujjper lole is the smaller,

and is irregularly conical, with an oblique base and rounded apex, whilst

the loiver is quadrilateral. In the right lung there are two fissures,

which pass the one from above the middle of the external surface, and
the other from near its lower end, and converge towards the root, thus
marking oflF three lobes, an upper, middle, and loiver. Of the two fissures,

the upper is less extensive than the lower, and in consequence, the middle
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lobe^ whicli is usually mucli smaller than the others, appears at first

sight to be more closely connected with the upper lobe, and is usually

described as forming a part of it.

In spite, however, of its comparatively small size, it appears not improbable,

from the researches of Aeby, which will be afterwards more fully referred to,

that the middle lobe of the right lung is the morphological equivalent of the

whole upper lobe of the left lung.

The left lung has a deep notch in its anterior border, into which the

apex of the heart (enclosed in the pericardium) is received. Besides

these differences the right lung is shorter than the left, owing to the

diaphi'agm rising higher on the right side to accommodate the liver,

whilst the left lung is the narrower, owing to the heart and pericardium

encroaching on the left half of the thorax. On the whole, however, as

is seen on a comparison of their weights, the right is the larger of the

two lungs.

At the summits and posterior borders the extent of the lungs cor-

responds with that of the pleural sacs which contain them, but in front

and below the relation is variable, inasmuch as the anterior margins

pass forwards most completely between the mediastinal and costal

pleurae during inspiration, and retire to a variable degree from between
them in expiration ; and in like manner the inferior margins descend,

dming inspiration, between the costal and diaphragmatic pleurae

;

probably at no time do they ever descend completely to the line of

reflection between those membranes.
The root of each lung is composed of the bronchus or sub-division of

the air-tube, and the large blood-ves§els, together with nerves, lymphatic

vessels, and glands, connected together by areolar tissue, and enclosed

by the reflection of the pleura.

The root of the right lung hes behind the superior vena cava and
part of the right auricle, and below the azygos vein, which arches over

it to enter the superior cava. That of the left lung passes below the

arch of the aorta, and in front of the descending aorta. The phrenic

nerve descends in front of the root of each lung, and the pneumogastric

nerve behind, whilst the ligamentum latum pulmonis is continued from
the lower border. The bronchus, together with the bronchial arteries

and veins, the lymphatics and lymphatic glands, are placed on a plane

posterior to the great blood-vessels, whilst the pulmonary veins are in

fr'ont of the arteries. The pulmonary plexuses of nerves lie on the

anterior and posterior aspect of the root, beneath the pleura, the

posterior plexus being the larger of the two.

On the right side the undivided portion of the bronchus is altogether

above the right pulmonary artery, on the left side the undivided portion

of the bronchus, which is considerably longer than on the right side,

extends to below the level of the left pulmonary artery which crosses

it. On both sides the pulmonary veins are below the corresponding

arteries.

Before entering the substance of the lung, the right bronchus gives off

the branch to the upper lobe, and is then continued on into the lower

lobe, the branch for the middle lobe being given off from the continuation.

The corresponding branch of the left bronchus is considerably larger,

and enters the upper lobe of its lung. The maia branches of the
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pulmonary vessels are distributed like the bronchi. Within the lung
the arterial trunks run behind the bronchial branches, the venous trunks

in front.

Dimensions of the lungs.—The lungs vary much in size and
weight accordiug to the quantity of blood they may happen to contain,

as well as fi-om other causes. The weight of both lungs together, as

generally stated, ranges from 30 to 48 ounces, the more prevalent

weights being found between 36 and 42 ounces. The proportion borne

by the right lung to the left is nearly that of 22 ounces to 20, taking the

combined weight of the two at 42 ounces. The lungs are not only

absolutely heavier in the male than in the female, but appear to be
heavier in proportion to the weight of the body.

According to the observations of Eeid the average weight in 29 males was
found to be 24 oz. for the right lung, and 21 oz. for the left ; and in 21 females,

17 oz. for the right, and 15 oz. for the left lung.

Pliysical properties.—The substance of the lung is of a light

porous spongy texture, and, when healthy, is buoyant in water : but in

the foetus, before respiration has taken place, and also in certain cases

of congestion, collapse, or consolidation from disease, the entire lungs,'

or portions of them, sink in that fluid. The specific gravity of a

healthy lung, as found after death, varies from 0"345 to 0'746. When
the lung is fully distended its specific gravity is 0'126, whilst that of

the pulmonary substance, entirely deprived of air, is 1"056 (Krause).

When pressed between the fingers, the lungs impart a crepitant

sensation, which is accompanied by a pecuhar noise, both effects being

caused by the air contained in the tissue. On cutting into the

lung, the same crepitation is heard, and there exudes from the cut

surface a reddish frothy fluid, which is partly mucus fi-om the air-

tubes and air-cells, and partly serum of blood, rendered fi'othy by the

admixed air. ,

The pulmonary tissue is endowed with great elasticity, in conse-

quence of which the lungs collapse to about one-third of their bulk

when the thorax is opened. Owing to this elasticity also, the lungs, if

artificially inflated out of the body, contract to their previous volume
when the air is again allowed to escape.

In infancy the lungs are of a pale rose-pink colour, which might be
compared to blood-fr'oth ; but as life advances they become darker and
are mottled or variegated with spots, patches, and streaks of dark slate-

colour, which sometimes increase to such a degree as to render the smface
almost uniformly black.

The dark colouring matter found in these streaks is in the form of granules and
collections of granules, frequently not inclosed in cells ; it is deposited in the in-

terstitial areolar tissue mostly near the surface of the lung, and is not found so

abundantly in the deeper substance. It exists sometimes in the air-cells, and on
the coats of the larger vessels. Its quantity increases with age, and is said to be
less abundant in females than in males. In persons who follow the occupation of

miners, more especially colliers, the lungs are often intensely charged with black

matter. The black substance seems mainly to consist of particles of carbonaceous

substance. It is found also in the bronchial giands ; indeed, it appears to be
taken up in large measure by the lymphatics. In exceptional cases the aduli

lungs exhibit only very slight streaks of pigment.
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Condition in the fcstus and changes after "birth.—In the foetus

the lungs contain no air, and consequently sink in water. They undergo
very rapid and remarkable changes after birth^ in consequence of the

commencement of respiration : these affect their size, position, form,

consistence, texture, colour, and weight, and should be carefally studied,

as furnishing the only means of distinguishing between a still-born child

und one that has respired.

1. Position, size, and form.—In a foetus at the full period, or in a still-bom

child, the lungs, comparatively small, lie packed at the back of the thorax,

and do not entirely cover the sides of the pericardium ; sabsequently to respi-

ration, they expand, and completely cover the pleui'al portions of that sac,

and are also in contact with almost the whole extent of the thoracic wall,

where it is covered with the pleural membrane. At the same time, their

previously thin sharp margins become more obtuse, and their whole form is less

compressed,

2. Consistence, textiire, and colour.—The introduction of air and of an increased

quantity of blood into the fcetal lungs, which ensues immediately upon bii-th,

converts their tissue from a compact, heavy, granular, yellowish-pink, gland-like

substance, into a loose, light, rose-pink, spongy structure, which, as already men-
tioned, floats in water. The changes thus simultaneously produced in their

consistence, colour, and texture, occur fii'st at their anterior borders, and proceed

backwards through the lungs : they, moreover, appear in the right lung a little

sooner than in the left.

3. Weiglit.—The absolute weight of the lungs having gradually increased from
the earliest period of development to birth, undergoes at that time, from the

quantity of blood then poui-ed into them, a very marked addition, amountiag to

more than one third of their previous weight : for example, the lungs before

buth weigh about one and a half ounce, but after complete expansion by respi-

ration, they weigh as much as two and a half ounces. The relative oveigJd of the

lungs to the body, which at the termination of intra-uterine life is about 1 to 70,

becomes, after respiration, on an average, about 1 to 35 or 40 ; a proportion

which is not materially altered through life. The s])ecific gravity is at the same
time changed from 1'056 to about •312.

THE TRACHEA AND BRONCHI.

The trachea or windpipe (fig. 439, /r.), the common air-passage of

both lungs, is an open tube which commences above at the larynx, and
divides below into two smaller tubes, right and left bronchi, one for

each lung.

The trachea is placed in the median plane of the body, and extends

from the lower border of the cricoid cartilage of the larynx (c), on a

level with the 6th cervical vertebra in the neck, to a place opposite the

disk between the 4th and 5th dorsal vertebra in the thorax, where it

is crossed in front by the arch of the aorta, and at or immediately below

that point bifurcates into the two bronchi. It usually measures from

four inches to four inches and a half (10 to 11 centimeters) in length,

and from three-quarters of an inch to one inch (2 to 2^ centim.)^ in

width ; but its length and width are liable to much variation, according

to the position of the larynx and the direction of the neck ; moreover,

it gradually increases in calibre from above downwards (Aeby). Its

average diameter is gTeater in the male than in the female. In front

and at the sides the trachea is rendered cylindrical, firm, and resistant,

by a series of cartilaginous rings ; these, however, are deficient behind,
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SO that the posterior portion is flattened and entirely membranous
(fig. 440). Near its bifurcation the trachea is somewhat expanded
laterally.

In the foetus the trachea is flattened before and behind, its anterior surface

being even somewhat depressed ; the ends of the cartilages touch ; and the sides

of the tube, which now contains only mucus, are applied to one another. The
effect of respiration is at first to render the trachea open, but it stUl remains

somewhat flattened in front, and only later becomes convex.

Relations of the trachea to neigliTbouring parts.—The 'windpipe

is nearly everywhere invested by a loose areolar tissue, abounding in elastic

liig. 4t3y.
pjg^ ^gg_

—

Outline showing the gene-
EAL FORM OF THE LAKYNX, TRACHEA,
AND BRONCHI, AS SEEN FROM BEFORE
(Allen Thomson), g

h, the great comu of the hyoid bone;

e, epiglottis ; t, superior, and t', inferior

cornu of the thyroid cartilage ; c, middle
of the cricoid cartilage ; t r, the trachea,

showing sixteen cartilaginous rings ; b,

the right, and b', the left bronchus. In
this and also in the succeeding figure the

right bronchus is represented too neaily

horizontal (see p. 610 and fig. 441).

fibres, and is very moveable on the

surrounding parts. Both in the

neck and thorax, it rests behind
against the gullet, which inter-

venes between it and the vertebral

column, but towards its lower

part projects somewhat to the

left side. The recurrent laryngeal

nerves ascend to the larynx on
each side in the angle between
these two tubes.

In the neck the trachea is

situated between the common
carotid arteries ; at its upper end

it is embraced by the lateral

lobes of the thyroid body, the

middle part or isthmus of which
lies across it just below the

larynx. It is covered in front

by the sterno-thyroid and sterno-

hyoid muscles, between which,

however, there is left an elon-

gated lozenge-shaped interval m
the middle line : this interval is covered in by a strong process of the deep

cervical fascia, while, more superficially, another layer not so strong

crosses between the sterno-mastoid muscles. The inferior thyroid veins

and the arteria thyroidea ima, when that vessel exists, also lie upon its
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anterior surface ; whilst at the root of the neck, in the episternal notch,

the innominate arteiy and the left carotid pass obliquely over it as they

ascend to gain its sides.

In the thorax, the trachea is covered by the manubrium sterni,

together with the sterno-thyi'oid and sterno-hyoid muscles ; lower

down, by the left innominate vein, then by the commencement of

the innominate artery and left carotid, which pass round to its sides
;

and lastly by the arch of the aorta and the deep cardiac plexus of nerves.

Placed between the two pleurae, the trachea is contained in the supe-

rior mediastinum, and has on its right side the j)leura and imeumo-
gastric nerve, and on the left, the left carotid artery, the pneumo-gastric

and its recurrent branch, together with some cardiac nerves.

Fig. 440.

—

Outline showing the gene- Fig. 440.
RAL F0R3I OF THE LARYNX, TRACHEA,

AND BRONCHI, AS SEEN FROM BEHIND
(Allen Thomson). ^

7i, great cornu of the hyoid bone ; f,

superior, and t', inferior cornn of the

thyroid cartilage ; e, the epiglottis ; a,

points to the hack of both the arytenoid

cartilages, which are surmounted by the

comicula ; c, the middle ridge on the

back of the cricoid cartilage ; t r, the

posterior membranous part of the trachea

;

h, b', right and left bronchi.

The right and left bronchi
(figs, 439, 440, h, b') proceed each

to the root of the corresponding-

lung, and then undergo division.

Previous to this they exactly

resemble the trachea on a smaller

scale ; being rounded and firm

in front and at the sides, where
they are provided with imperfect

cartilaginous rings, and flattened

and membranous behind. The
undivided portion of the right

bronchus (h), wider but shorter

than the left, measuring about an
inch (2| centim,) in length,

passes obliquely downwards and
outwards into the root of the

right lung : it is embraced above
by the vena azygos, which hooks
forwards over it, to end in the
vena cava superior ; the right

pulmonary artery lies at first

below it and then in front of it.

On looking down the windpipe towards the bifurcation, the right
bronchus appears to be a more direct continuation of the trachea than
the left. The undivided portion of the left bronchus {b'), smaller in
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diameter, but longer than the right, being nearly two inches (5 centim.)

in length, inclines downwards and outwards beneath the arch of the

aorta to reach the root of the left lung. Its termination is about an

inch lower than that of the right bronchus. The left bronchus crosses

over the front of the gullet and descending aorta: the arch of the

aorta turns backwards and to the left over it, and the left pulmonary

Fig. 441.

eft. rh

Fig. 441.

—

Sketch showing the lower end op the trachea, its division into the
TWO bronchial trunks, and the course and chief branches op these within

THE LUNGS, FROM BEFORE (after Acbj).

a, Tipper ; h, middle ; c, lower lobe of the right lung ; V, upper ; c', lower lobe of the

left lung ; r.2). right pulmonary artery ; l.p. left artery; r.hr. right bronchial trunk
;

I. hr. left bronchial trunk ; ej}, on the right side, eparterial branch supplying the upper

lobe; v.h.^, first yentral hyparterial bronchus supplying the middle lobe on the right

side, the upper lobe on the left; v.h.^, v.h.^, vh.*, the remaining ventral hyparterial

branches distributed in the lower lobe on each side; d.h.^, d.h^, d.h.^, dJi.*, the four

dorsal hyparterial branches distributed on both sides in the posterior and inner part of the

lower lobe ; 7i, accessory bronchus arising close to the first dorsal hyparterial bronchus

on the right side, and representing the one which supplies the azygos lobule in some
animals.

artery lies first above it and then on its anterior surface. The relative

position of each bronchus in the root of the corresponding lung has been
already described.

The rig-hit bronchus is generally said to have a more horizontal direction than
the left. According- to Aeby this is hovs^ever not the case, the right bronchus
being the more oblique. The undivided part of the right bronchus is the shorter

in consequence of the fact that this bronchus soon gives off a branch to be dis-



STRUCTUEE OF THE AIE-TUBES. 511

tributed in tlie upper lobe of the lung (Fig. 441, ej)). This branch, which comes

off above the place where the right pulmonary artery crosses the bronchus

(eparterial branch), is not represented on the left side in man, and it is hence

inferred by Aeby that the lobe of the lung to which it is distributed is also

absent on the left side, and that the upper lobe of the left lung is in reality the

homologue of the middle lobe of the right lung. All the other branches of

the right bronchus, and all the branches of the left bronchus, come off below

the place where the corresponding pulmonary artery crosses the aii'-tube

(hyparterial).

In many animals the bronchi, instead of dividing, as in man they appear to

do, into nearly equal branches at the root of the lung, pass down in the form of

main truiiks towards the extremity of the lower lobe, giving off branches at

regular intervals in two directions, viz., dorsally and ventrally. The character

of the ramification of the (hyparterial) bronchial trunk as it is continued in the

lung is therefore bipinnate and not dichotomous. In addition to these two rows

of dorsal and ventral branches, accessory branches are occasionally met with

coming off from the maia trunk ia its passage through the lower lobe. These

generally arise from the front and are intermediate in position between the

dorsal and ventral series, generally taking origra near one or other of these.

Of the accessory bronchi the only one that claims especial notice is one which
arises near the first dorsal branch of the right bronchial trunk, and which in

some animals (monkeys) supplies a special small lobe placed mesially behind the

pericardium and termed by Owen the azygos lobe. In some animals well-

developed eparterial branches arise from botli bronchi and supply corresponding

lobes in the two lungs. In some (sheep, ox), the eparterial bronchus to the

right upper lobe springs directly from the trachea ; and a similar condition has

in rare cases been met with in the human subject.

In the human lung the same character of bronchial ramification can be made
out (fig. 441). From the continuation of the bronchus four dorsal and as many
ventral hyparterial branches are given off in succession in each lung. Of these

the ventral or outer are much the larger, and the ihst ventral branch supplies

the middle lobe of the right and the upper lobe of the left lung. But the

subordtriation of the branches to the trunk becomes obscured in consequence

of the size of the ventral branches, which are as large in most cases as the

trunk itself ; the latter can nevertheless be detected pursuing with but little

deviation a course towards the posterior and lower extremity of the inferior

lobe.

On the whole there is a gradual increase in the combined sectional area of

the system of air-tubes in proceeding from the commencement of the trachea

to the terminations of the bronchial tubes in the lungs ; the increase being only

interrupted at one point, namely, immediately below the origin of the first

branches which are given off from the bronchial trunks. The combined sectional

area is here no greater than the sectional area at the lower end of the trachea,

although the combined area of the undivided bronchi is distinctly greater than
this. (C. Aeby, Der Bronchialbaum der Saugethiere und des Menschen, Leipzig,

ISSO.)

STRUCTURE OF THE AIR-TUBES.

Trachea.—The trachea consists of an elastic framework of in-

complete cartilaginous rings or hoops united by fibrous tissue, and at

one part by plain muscular tissue. It is lined throughout by a mucous
membrane, and provided with glands.

The cartilages are fi-om sixteen to twenty in number. Each presents

a curve of rather more than two-thirds of a circle, resembling the letter

C. The depth from above downwards is three or four millimeters, and
the thickness 1 mm. The outer surface of each is flat, but the inner

is convex from above downwards, so as to give greater thickness in the

middle than at the upper and lower edge. The cartilages are held
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together by a strong fibrous membrane, which is elastic and yielding

to a certain extent, and not only occupies the intervals between them,
but is prolonged over their outer and inner surfaces, so that they are, as

it were, imbedded in the membrane.
The cartilages terminate abruptly behind by rounded ends, but the

Fiff. 442.

Fig. 442.—LoNGiTUDirrAL section of the human trachea, inci.ttding portioks of
TWO cartilaginous rings (Klein and Noble Smith). Moderately magnified.

a, ciliated epithelium ; b, tasement membrane ; c, superficial part of the mucous
membrane, containing the sections of numerous capillary blood-vessels and much lymphoid
tissue ; d, deeper part of the mucous membrane, consisting mainly of elastic fibres ; e,

submucous areolar tissue, containing the larger blood-vessels, small mucous glands (their

ducts and alveoli are seen in section), fat, &c.,; /, fibrous tissue investing and uniting

the cartilages
; ff, a small mass of adipose tissue in the fibrous layer ; h, cartilage.

fibrous membrane is continued across between them, and completes the

tube behind ; it is here looser in its texture.

The first or highest cartilage, which, is connected by the fibrous membrane with
the cricoid cartilage of the larynx, is broader than the rest, and often divided at one
end. Sometimes it coalesces to a greater or less extent with the cricoid or with
the one below. The lowest cartilage, placed at the bifurcation of the trachea, is

peculiar in shape ; its lower border being prolonged downwards, and at the same
time bent backwards so as to form a cuiwed projection between the two bronchi.

The cartilage nest above this is slightly widened in the middle line. Sometimes
fche extremities of two adjacent cartilages are united, and not unfrequently a car-

tilage is divided at one end into two short branches, the opposite end of that

next it being likewise bifurcated so as to maintain the parallelism of the entire

1
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series. The use of these cartilaginotis hoops is to keep the windpipe open, a con-
dition essential for the free passage of air into the lungs.

Within the fibrous membrane at the posterior flattened part of

the trachea, is a continuous pale reddish layer of unstriped mus-
cular fibres, whic$J pass across, not only between the ends of the

cartilages, but also opposite the intervals ; they doubtless serve to narrow
the tulje by approximating the ends of the cartilages. Those opposite

the hoops are attached to the extremities of the latter, and encroach also

for a short distance upon their inner surface. Outside the transverse

fibres are a few fasciculi having a longitudinal dh-ection.

Fig. 443. A PART OP THE SECTION Ficr. 443,
EEPRESENTED IN THE PRECEDING
FIGURE MORE HIGHLY MAGNIFIED
(Kleia and Noble Smith).

The letters represent the same parts

as in that figure.

The submucous tissue con-

sists of loose areolar tissue

which serves to connect the

mucous membrane with the

fibrous layer and the cartila-

ginous rings. It contains

mucous glands and a quantity

of adipose tissue is often found
in it.

The mxicons membrane
(fig. 443, o) is smooth and of a

X^ale pinkish white colour in

health, although when con-

gested or inflamed, it becomes
intensely purple or crimson. It

contains a considerable amount
of lymphoid tissue. Under-
neath the epithelium is a basement membrane (fig. 443, &), well marked
in the human trachea, through which j)i*ocesses fi'om the subjacent

connectiye tissue cells and ceU-spaces here and there pass into the

epithehum. Throughout the mucous membrane a number of fine elastic

fibres are found, but in the deeper parts the elastic fibres are very large

and numerous (^). Along the posterior membranous part, they are

more abundant than elsewhere, and are there collected into distinct longi-

tudinal bundles, which produce visible elevations or flutings of the

mucous membrane. These bundles are particularly strong and numerous
opposite the bifurcation of the trachea.

The epithehum consists of a layer of columnar cihated cells, often

very irregular at their fixed end, "o^here they are impressed by smaller

cells, between which they penetrate to reach the basement membrane.
The cflia serve to drive the mucous secretion upwards towards the

larynx. Between these ciliated cells, are found others, some rounded

others elongated ; the latter being prolonged at one end towards the

surface, whilst the other end, which is not unfrequently forked, reaches

to the subjacent membrane. A few lymph corpuscles are also found
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amongst the epithelial ceUs, as in other epithelia. Some of the cells

secrete mucus, and hence goblet-cells are frequently found here (see

p. 44).

The trachea is provided with numerous small mucous glands. The
largest are situated at the back part of the tube, either close upon the

outer surface of the fibrous layer, or occupying little recesses formed
between its meshes. Smaller glands are found between the cartilaginous

rings, upon and within the fibrous membrane, and still smaller ones close

beneath the mucous membrane. They are compound glands, and their

cavities are lined by a columnar or cubical epithelium : the escretory

ducts pass through the muscular layer and the mucous membrane, on
the sm'face of which their orifices are perceptible.

"Vessels and Nerves.—The arteries of the trachea are principally derived

from the inferior thyroid. The larger branches run for some distance longitudi-

nally, and then join a superficial capillary plexus with polyhedral meshes. The
veins enter the adjacent plexuses of the thyroid veins. A rich plexus of lymjiliatics

may readily be injected in the mucous membrane and submucous tissue, but the
lymphoid follicles, so common in the alimentary mucous membrane, and also in

the walls of the smaller bronchi, are rarely present. "When found it is generally

surrounding the ducts of the glands as they pass through the mucous membrane
The nerves come from the trunk and recui-rent branches of the pneumo-gastric,

and from the sympathetic system. There are said to be numerous ganglia upon
them, especially outside the muscular layer at the back of the tube. Their mode
of termination has not yet been satisfactorily traced.

In the dog, cat, sheep, and rabbit, the upper half of the trachea is said to be
supplied chiefly by the superior laryngeal nerve, through the anastomosis between
the superior and inferior nerves in the larynx (Kandarazi).

Beonchi,—The general structure of the undivided portions of the

bronchi corresponds with that of the trachea in every particular. Their
cartilaginous rings, which resemble those of the trachea in being im-
perfect behind, are, however, shorter and narrower. The number of

these rings on the right side varies from sis to eight, whilst on the left

the number is from nine to twelve.

The bronchi are supplied by the bronchial arteries and veins, and the nerves

are from the same source as those of the lower part of the trachea.

Termination of the bronchi ; structure of the bronchial tubes.

The principal divisions of the bronchi, as they pass into the lungs, divide

into tubes of less calibre, and these again subdivide in succession into

smaller and smaller tubes, often distinguished as IroncMa, IroncMolcs, or

hroncMal hides, which, diverging in all directions, never anastomose, but
terminate separately. The larger branches diverge at acute angles, but

the more remote and smaller ramifications spring less acutely. After a

certain stage, of subdivision each bronchial tube, reduced to a small size

(about 1 mm.), is termed a lobular or respiratory Ironchial tute

(Kolliker), and its walls become beset with small hemispherical

saccules, termed air-cells, or alveoli. They occur at first only here and
there and confined to one side of the tube only, but at length almost

cover it so that the tube in great measure loses its cylindrical character.

At length it ends in an enlarged completely sacculated passage termed

the alveolar passage, from which are given off blind ramifications.
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somewhat enlarged towards their extremities, and everywhere closely

beset with the air-cells. These enlarged terminations are named
infundibula (fig. 446).

Fig. 444.

Fig. 444.

—

Poktio:n- of a teansverse section of a bronchial tube, human (6 3iii. in

diameter) (F. E. Scliiiltze). Magnified 30 diameters.

a, cartilage and fibrous layer with inucous glands, and, in the outer part, a little fat

;

in the middle, the duct of a gland opens on the inner surface of the tube ; h, annular
layer of involuntai-y muscular fibres ; c, elastic layer, the elastic fibres in bundles which
are seen cut across ; d, columnar ciliated epithelium.

"Within the Inngs the air-tubes are not flattened behind like the bronchi

and trachea, but form completely cylindrical tubes. Hence, although

Fig. 445.

Fig. 445.

—

Section of a small bronchial tube (4 mm. in diameter) from the

PKi's LUNG (F. E. Schultze). Magnified 240 diameters.

a, fibrous layer ; &, muscular layer ; c, mucous membrane in longitudinal folds, with

numerous longitudinally running elastic fibres cut across ; d, ciliated epithelium
; /, sur-

rounding alveoli,

L L 2
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they contain the same elements as the larger air-passages, they are reduced
gradually to a state of greater tenuity, but possess certain peculiarities

of structure. Thus, the cartilages no longer appear as imperfect rings
running only upon the front and lateral surfaces of the air-tube, but are

disposed over all sides of the tubes in the form of irregularly shaped
plates and incomplete rings of various sizes. These are most developed
at the points of division of the bronchia, Avhere they form a sharp con-
cave ridge projecting inwards into the tube. They may be traced, be-
coming rarer and rarer and more reduced in size, as far as bronchia one
milHmeter in diameter. The fibrous coat extends to the smallest tubes,

becoming thinner by degrees and degenerating into areolar tissue. In

Fig. 446. Fig. 446. DiAGRAJIMATIC REPRESENTATION OP
THE TERMINATION OF A BRONCHIAL TUBE IN A
GROUP OF INFUNDIBULA. (E.A.S.)

it are mucous glands which send their

ducts to open on the mucous membrane.
These occur most numerously in the

larger tubes ; in those whichmeasure less

than 1 mm. they are rarely if ever

found. The mucous membrane, which
extends throughout the whole system of

air passages, is also thinner than in the

trachea and bronchus, but it retains its ciliated columnar epithelium

(figs. 444, 445, d). The longitudinal bundles of elastic fibres (c, in the

transverse sections) are very distinct in both the large and small

bronchia, and may be followed by dissection as far as the tube

can be laid open, and by the microscope into the smallest tubes. The
muscular fibres, which in the trachea and bronchi are confined to

the back part of the tube, surround the bronchial tubes with a con-

tinuous layer of annular fibres, lying inside the cartilaginous plates

{b) ; they are found, however, beyond the place where the cartilages

cease to exist, and appear as irregular annular fasciculi even in the

smallest tubes.

STRUCTUEE OF THE PULMONARY PARENCHYMA.

At the point where the small bronchial tubes lose their cylindrical

character, and begin to be beset with air-cells, their structm-e also

gradually undergoes a change. The muscular layer almost disappears,

the longitudinal elastic bundles are broken up into an interlacement of

areolar and elastic tissue, which surrounds the mouths of the air-cells

and the walls of the infundibula, and the columnar ciliated epithelium

gives place to a stratum of non-ciliated cells. The change in the

character of the epithelium first occurs in the so-called respiratory

bronchioles, where patches of small pavement epithelium-cells begin to

appear amongst the ciliated cehs, especially in the neighbourhood of the

air-cells upon the wall of these tubes. At the end of the respiratory

bronchiole, near the passage to the infundibula, all the cells which line

the wall of the tube are of the non-ciliated pavement variety. But the

air-cells themselves, both those which are scattered over the respiratory

bronchioles and those which cover the infundibula, as well as interme-

diate portions of the infundibula which occur here and there between the
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air-cells, possess an epithelium of a peculiar character. The cells of

this epithelium are of two kinds, viz. :— 1, large, thin, very delicate

cells, irregular in size and shape, lying over the blood-TCSsels, but
also in many cases extending over the interstices between them

;

they appear not to possess a nucleus : and, 2, small, flat, polygonal,

nucleated cells, which lie singly or in small groups of two or three

Fig. 447.

Fig. 447. -Section of part of cat's lttng, stained with nitrate of silver

(Klein and Noble Smith). Highly Magnified.

The small granular and the large flattened cells of the alveoli are shown. In the middle
is a section of a lobular bronchial tube, with a patch of the granular pavement epithelium-

cells on one side.

cells, between the others, and always in the interstices of the capillary

network.

In the fcetns the alveoli are entirely lined withL small granular pavement cells,

but with the distension -which follows upon the first respiratory efforts most of

the cells become transformed into the large thin epithelial elements above
described.

The walls of the alveoli, which mainly consist of an indistinctly

fibrillated connective tissue with corpuscles scattered here and there,

are supported and strengthened by scattered and coiled elastic fibres,

especially numerous near their orifices, in addition to which, according

to Moleschott and others, there is likewise an intermixture of muscular

fibre-cells. A number of granular rounded amoeboid cells are usually to

be found free in the air-cells and smaller bronchial tubes : not unfre-

quently they contain carbonaceous particles. By the migration of these

cells into the pulmonary tissue, the carbon particles may be conveyed
into the substance of the lung and thence into the lymphatics and
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broncliial glands, but fluids and fine particles can also, it is believed,

penetrate directly to the lymphatics, both of the interalveolar tissue and
of the bronchial tubes, by aid of the pseudostomata which connect the

cell-spaces of the connective tissue with the inner surface of the mucous
membrane (see p. 521).

The air-cells in the natural state, are always filled with air. They are readily

seen on the surface and in a section of a lung, which has been inflated with air

and dried ; also upon portions of foetal or adult lung injected "svith mercury or

Fig. 448.

Fig. 448.—PouTioN OF the outer stjrpace op the cow's LUNG (from Kolhker
after Harting). Magnified 30 diameters.

a, pulmonary vesicles filled artificially with was ; h, the margins of the smallest

lobules or infundibula.

was (fig. 448, a, a). In the lungs of some animals, as of the lion, cat, and
dog, they are very large, and are distinctly visible on the surface of the
organ. In the adult human lung their most common diameter is about j^th
of an inch (0'25 mm.), but it varies from j^gth to ^^^th of an inch ; they are

larger on the sucface than in the interior, and largest towards the thin edges
of the organ : they are also very large at the apes of the lung. Their dimensions
go on increasing from birth to old age, and they are larger in men than in women.
In the infant the diameter is usually under :7^th of an inch.

The whole lung has a lobalated structure best seen in the foetus, where the

lungs, not yet distended with air, present very much the ai^pearance of com-
pound racemose glands. The infundibula may be regarded as corresponding to

the smallest or ultimate lobules of such a gland. They produce the appearance
of polygonal areas enclosing groups of sis or eight air-cells which are seen at

the surface of the lung (fig. 448). The infundibula are grouped into larger or

secondary lobules, and these again into yet larger divisions. The various lobules

are united and separated by connective tissue in variable amount, more between
the larger and less between the smaller grouiDs. From the mutual compression to

which they are subjected the lobules are bounded by flattened sides, and they are

compactly fitted to each other and to the larger air-tubes and vessels of the lungs.

BLOOD-VESSELS, LYMPHATICS, AND NERVES OP THE LUNGS.

Pulmonary vessels.—The branches of the pulmonary artery accom-
pany the bronchial tubes, but in their remote ramifications they sub-

divide more frequently. The main arterial trunk runs down immediately
behind the main bronchial trunk, giving off corresponding branches as
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it proceeds. They ramify without anastomoses, and at length terminate

in small arteries about yoVotli of an inch in diameter, which lie between

the alveoli, partially encircling thek mouths (fig. 449, F). From these

vessels the capillary network arises, and covers each alveolus, passing in

the inter-alveolar septa between the adjacent air-cells. As was pointed

Fig. 449.

Fig. 449.

—

Section op injected lung, including several contigtjous alveoli

(F. E. Scliultze). Highly magnified.

a, a, free edges of alveoli ; c, c, partitions bet\yeen neighbouring alveoli, seen in

section ; h, small arterial branch giving oif capillaries to the alveoli. The looping of

the vessels to either side of the partitions is well exhibited. Between the capillaries is

seen the homogeneous alveolar wall with nuclei of connective tissue corpuscles, and
elastic ^bres.

out by Rainey, the capillary network in these partitions is single in the

lungs of man and mammalia, although it forms a double layer in the

lungs of amphibia and reptiles.

The capillaries are very fine, and the network they form is so close

that the meshes are scarcely wider than the vessels themselves. They
are very superficial, being covered only by the thin layer of tesselated

epithelium above mentioned, and in the partitions between contiguous

alveoli the vessels of the network project on either side in an arched

or loop-like manner into the cavities of the alveoli (fig. 449). The
mucous membrane of the bronchial tubes, especially near the air-

cells, is partly supplied with blood from branches of the pulmonary artery

The radicles of the pulmonary veins arise from the capillary network

of the alveoli and from that of the smaller bronchial tubes. The
branches of these veins which arise from the infundibula near the

sm-face of the lung, do not accompany the bronchia and arterial branches,

but are found to run alone for a certain distance through the substance of
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the organ. They finally either join some deeper vein which accompanies
a bronchial tnbe, or they remain superficial, forming a wicle-meshed
plexus near the surface of the Imig, finally tending towards the hilus to

join the larger veins near the root of the lung. The veins from the

more deeply lying infundibula form frequent communications, and finally

coalesce into large branches, which accompany the bronchial tubes and
arteries, coursing as a rule in front of the bronchial tubes, and thus
proceed to the root of the lung. In their course together through the

lung, the artery is usually found above and behind a bronchial tube, and
the vein below and in front.

The pulmonary vessels differ from tlie systemic in regard to their contents,

inasmuch as the arteries convey dark blood, whilst the veins carry red blood.

The pulmonary veins, unlike the other veins of the body, are not more capacious
than their corresponding arteries ; indeed, according to Winslow, Santorini,

Haller, and others, they are somewhat less so. These veias have no valves.

Lastly, it may be remarked that, whUst the arteries of different secondary lobules

are usually independent, the veins freely anastomose.

Eronchial vessels.—The bronchial arteries and veins, which are

much smaller than the pulmonary vessels, carry blood for the nutrition

of the lung. The bronchial arteries, from one to three in number for

each lung, arise fr^om the aorta, or fr'om an intercostal artery, and follow

the divisions of the air-tubes through the lung. They are ultimately

distributed in three ways : (1) many of their branches ramify in the

bronchial lymphatic glands, the coats of the large blood-vessels, and in

the walls of the bronchial tubes, supplying an outer capillary plexus with
transverse meshes to the muscular coat, and an inner plexus with close

longitudinal meshes to the mucous membrane, which at the extremities

of the bronchial tubes is continuous with that supplied by the pulmonary
artery

; (2) others form plexuses in the interlobular areolar tissue ;

(3) branches spread out upon the surface of the lung beneath the plem^a,

forming plexuses and a capillary network.

A few small branches of the intercostal arteries also pass to the pulmonary
pleura and surface of the lung through the ligamentum latum pulmonis

(Turner).

The bronchial veins have not quite so extensive a distribution in the

lung as the bronchial arteries, since part of the blood carried by the

bronchial arteries is returned by the pulmonary veins. The superficial

and deep bronchial veins unite at the root of the lung, opening on the

right side into the large azygos, and on the left usually into the left

upper azygos vein.

According to Zuckerkandl it is not only at the extremities of the bronchial

tubes that the blood brought by the bronchial arteries is returned by the pul-

monary veins, but in other parts small bronchial veins open iijto pulmonary
branches ; and even veins which receive branches from the larger bronchia,

from the bronchial glands and from the posterior surface of the pericardium,

empty their contents partly into the great trunks of the pulmonary veias.

Lymphatics.—Part of the lymphatics of the lung take origin from

lymphatic capillaries in the interalveolar septa, and those near the sur-

face of the lung come into connection with the subpleural lymphatic

plexus, previously mentioned (p. 503). They join to form vessels which
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accompany the brandies of the pnlmonaiy artery and vein, running on
the walls of those vessels in twos or threes, connected by numerous cross

branches, and in some cases almost completely surrounding the blood-

vessel.

Other lymphatics, Avhich might be distinguished as bronchial,

originate in plexuses in the mucous membrane of the bronchial tubes.

Hence they pass through the muscular coat to form another plexus

in the fibrous layer, wheve they are most numerous on the side

opposite the accompanying branch of the pulmonary artery. Here
they are not unfrequently found to enclose nodules of lymphoid
tissue (see p. 214). The branched connective tissue corpuscles and
cell-spaces with which the lymphatics are in connection at their origin,

send processes upwards to the inner surface of the air tubes and alveoli,

between the epithelial cells (like the pseudostomata of the serous

membranes, p. 216). Lymphoid tissue is found, according to Arnold, in

various parts, viz., under the pulmonary pleura ; in the perivascular

and peribronchial tissue ; in the bronchial wall, and around the alveolar

passages.

At the root of the lung the superficial and deep lymphatics unite

into a few anastomosing trunks before entering the bronchial lymphatic

glands.

Nerves.—The nerves of the lung come from the anterior and pos-

terior pulmonary plexuses which are formed chiefly by branches from the

pneumogastric nerves, joined by others from the sympathetic system.

The fine nervous cords enter at the root of the lung, and follow the air-

tubes. According to Remak, whose account has been confirmed and
added to by the more recent observations of Stirling and others, they

include both white fibres, derived in all probability fi'om the vagus,

and grey filaments proceeding from the sympathetic, and have ganglion-

cells, both singly and in groups, upon them in their course. In the

lower vertebrates (frog, newt) the nerves are chiefly distributed to a layer

of plain muscular tissue, which is everywhere found taking part in the

composition of the relatively simple pulmonary wall (Stirling), but in

mammals the final distribution of the nerves requires further exami-

nation.

Recent Literature of tlie lungs and trachea.—(For older literature see the

article "Lung" hj F. E. Schultze, in Strieker's Handbook, 1871) ; Rindfleisch, Muskul.
d. kl. Bronciiien, Med. Centralbl., 1872 ; Verastel. d. Art. pulm., Berl. klin. Wochenschr.,
1872 ; Tarchette, on the glands of the trachea, in Riv. d. med. &c. di Soresina, 1874

;

Aufrecht, Epith. d. Lungenalv., Med. Centralbl., 1875 ; Kiittner, Lungenepith., Vircli.

Arch., 1876; Kreislauf d. Lunge, Virch. Ai'ch. LXXIII., 1878; Cohnheimu. Litten,

Emb. d. Lnngenarterien, Virch. Arch., LXV., 1876; Cadiat, Eapp. entre le devel. du
poumon et sa structure. Arch, de physiol., 1877 ; Stirling, Nervous apparatus of the
lung, Brit. Med. Journal, 1876 ; Proc. Key. Soc, 1880, and Journ. of Anat., 1881
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THE LARYNX, OB OBGAIT OF VOICE.

The larynx is placed at the upper and fore part of the neck, where
it forms a considerable prominence in the middle line. It lies between
the large vessels of the neck, and below the tongue and hyoid bone. It is

covered in front by the cervical fascia along the middle line, and on each

side by the sterno-hyoid, sterno-thyroid, and thyro-hyoid muscles, by the

upper end of the thyroid body, and by a small part of the inferior con-

strictor of the pharynx. Behind it, is the pharyngeal mucous membrane,
and above, it opens into the cavity of the pharynx.

The larynx consists of a framework of cartilages, articulated together,

and connected by elastic membranes or ligaments, two of which project-

ing into the interior of the cavity are named the true vocal cords, being

more immediately concerned in the production of the voice. It possesses

special muscles, which move the cartilages one upon another, and modify
its form and the tension of its ligaments, and it is lined by a mucous
membrane, continuous above with the mucous membrane of the pharynx
and below with that of the trachea.

CABTILAGES OF a?HE LARYNX.

The cartilages of the larynx (fig. 450, 451) consist of tliree single

and symmetrical prices, named respectively the thyroid cartilage (4), the

cricoid cartilage (tig. 450, 8, fig. 451, 2), and the cartilage of the epiglottis

(fig. 451, 7), and of three pairs, namely, the two arytenoid cartilages

(fig. 451, 3), the cornicula laryngis, and the cuneiform cartilages. In
all there are nine distinct pieces, but the cornicula and cuneiform

cartilages are very small. Only the thyroid and cricoid cartilages

are visible on the front and sides of the larynx ; the back of the

cricoid cartilage surmounted by the arytenoid cartilages and these

again by the cornicula are seen at the back, whilst the epiglottis is

situated in front of, and the cuneiform cartilages on each side of the

upper opening.

The thyroid cartilage, the largest, consists of two flat lateral plates

which are continuous in fr'ont, forming a narrow angle Avith one another

like the letter Y, most prominent at the upper part. This angular pro-

jection is subcutaneous, and is much more marked in the male than in

the female, being named in the former the ijomum Adami. The two
symmetrical halves, named the alcB, are somewhat quadrilateral in form.

Of each half the anterior border is the shortest, the pomum Adami being

surmounted by a deep notch (see fig. 450). The free posterior border is

thickened and vertical, and is prolonged upwards and downwards into

two processes or cornua ; it gives attachment to the stylo-pharyngeus and
palato-pharyngeus muscles. The upper and lower border have each

a well-marked sinuosity close to the cornu : otherwise the upper is

convex, and the lower nearly straight. The flattened external surface of

each ala is marked by an indistinct oblique line or ridge (fig. 450),

which, commencing at a tubercle, situated at the back part of the

upper border, passes downwards and forwards to a tubercle below, so as

to mark off the anterior three-fourths of the surface from the remainder.

This line gives attachment below to the sterno-thyroid, and above to

the thyro-hyoid muscle, whilst the small smooth surface behind it, gives

origin to part of the inferior constrictor of the pharynx, aud affords
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attachment by means of ai-eolar tissue, to the thyroid body. On their

internal surfaces, the alo3 are smooth and shghtly concave. Of the four

cornua, all of which bend inwards, the two superior or great cornua

(fig. 450), pass upwards with sometimes a shght backward curve, and

terminate each by a blunt extremity, which is connected, by means of the

lateral thyro-hyoid ligament, to the tip of the corresponding great coruu

Fig. 450.

—

Front viEWOF THE LARYNGEAL Fig. 450.

CARTILAGES AND LIGAMENTS (Sappey).

1, liyoid bone ; 2, its large cornua ; 3,

its small cornua ; 4, tliyi-oid carti-

lage ; 5, tliyro-Lyoid membrane ; 6,

lateral thjTO-hyoid ligament, containing

the cariikiffo triticea, 7 ; 8, cricoid

cartilage ; 9, crico-tliyi"oid membrane ;

10, lateral crico-thyroid ligaments.

of the hyoid bone (fig. 450, 2).

The inferior or smaller cornua,

which are somewhat thicker but

shorter, are directed slightly for-

wards, and, on the inner aspect of

the tip, present a smooth surface,

for articulation with a prominence

on the side of the cricoid carti-

lage.

The cricoid cartilage (fig.

450, 8), which is shaped like a sig-

net ring, is thicker and stronger

than the thyroid. It is deep

behind (fig. 451, 2), where it is

expanded into a squarish plate or

lamina, measuring in the male about an inch from above down-
wards ; but in front it forms a narrow ring or arch, Avith a vertical

measurement of only one-fom"th or one-fifth of an inch. Corre-

sponding with this, the siqjerior border, which is markedly elevated

behind, descends with a deep concavity in front below the thyroid

cartilage ; while the inferior larder, is horizontal, and connected by
membrane to the first ring of the trachea. The posterior elevated

part of the upper border is slightly dej)ressed in the middle line

;

and on the sides of this depression are the elongated oval facets

for articulation Avith the arytenoid cartilages. These facets are

slightly convex and they look outwards as well as upwards. The
external surface of the cartilage is convex and smooth in front and
at the sides, where it affords attachment to the crico-thyroid muscles,

and behind these to the inferior constrictors of the pharynx : in

the middle line posteriorly is a slight vertical ridge to which some
of the longitudinal fibres of the oesophagus are attached. On each

side of this ridge is a broad depression occupied by the posterior crico-

arytenoid muscle, outside which is a smaU concave rounded and slightly

raised surface for articulation with the inferior cornu of the thyroid car-

tilage (fig. 458). The internal surface is covered throughout by the

mucous membrane of the larynx. At its lower border the cricoid is cir-
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cular, but higher np the cartilage is somewhat compressed laterally, so
that the passage through it is here elliptical.

The arytenoid cartilages (fig. 451, 3) are two in number, and sym-
metrical in form and position. They may be compared in shape to

irregular three-sided pyramids, and they rest by their bases on the posterior
and highest part of the cricoid cartilage, while their somewhat curved
apices approach one another. Each is about half an inch high, and one
quarter of an inch wide. Of the three faces the jjosterior is broad, trian-

gular, and concave from above downwards, lodging part of the arytenoid

Fiff. 451. Fig. 451.

—

Back view of the laiitn-

oeal cartilages and ligaments
(Sappet).

1, tiiyroid cartilage ; 2, cricoid car-

tilage ; 3, arytenoid cartilages ; 4, their

muscular processes ; 5, a ligament

better marked than usual, connecting

the lower cornu of the thyroid with
the back of the cricoid cartilage ; 6,

upper ring of the trachea ; 7, epi-

glottis ; 8, ligament connecting it to

the angle of the thyroid cartilage. The
cornicula are seen surmounting the ary-

tenoid cartilages.

muscle. The anterior, or exter-

nal, convex in its general out-

line, and somewhat rough, gives

attachment to the thyro-aryte-

noid muscle, and, by a small

tubercle, to the corresponding-

superior or false vocal cord. The
internal surface, which is the nar-

rowest of the three, and slightly

convex, is nearly parallel with that

of the opposite cartilage, and is

covered by the laryngeal mucous
membrane. The anterior and posterior borders, which limit the internal

face, are nearly vertical, whilst the external border, which separates the

anterior from the posterior surface, is oblique.

The lase of each arytenoid cartilage is slightly hollowed, having
towards its outer part a smooth surface for articulation with the cricoid

cartilage. Two of its angles are remarkably prominent, viz., one
external, short, and rounded, which projects backwards and outwards,

and into which the posterior and the lateral crico-arytenoid muscles are

inserted {muscular ^wocess) ; the other ajiterior, which is more pointed,

and forms a horizontal projection forwards, to which the corresponding

true vocal cord is attached (vocal process).

The cqyex curves backwards and a little inwards, and terminates in a

blunt point, which is surmounted by the corniculum laryngis.

A small cartilaginous nodiile (sesamoid cartilage) is sometimes found at the

side of the arytenoid near the tip, embedded in the perichondrium.

The cornicula laryngis, or cartilages of Santorini, are two small

yellowish cartilaginous nodules of a somewhat conical shape, which are
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articulated with the summits of the arytenoid cartilages (fig. 451), and
serve as it were to prolong them backwards and inwards. They some-
times form part of the arytenoid cartilages.

The cuneiform cartilages, or cartilages of Wrisberg, are two
very small, soft, yellowish, cartilaginous bodies, placed, one on each side,

in the fold of the mucous membrane which extends from the summit of
the arytenoid cartilage to the epiglottis. They have a conical form, with
the base directed upwards. They occasion small elevations of the mu-
cous membrane, a little in advance of the cornicula, with which, however,
they are not directly connected.

These cartilages are very frequently absent, especially in tL.e white races of
mankind, but according to Gibb are always present in tlie negro.

The epiglottis (fig. 451, 7) is a median lamella of yellow cartilage,

shaped somewhat like an obovate leaf, and covered by mucous mem-
brane. It is placed in front of the superior opening of the larynx,

projecting, in the ordinary condition, upwards immediately behind
the base of the tongue ; but dm-ing the act of swallowing it is carried

downwards and backwards over the entrance into the larynx, which it

covers and protects.

The cartilage of the epiglottis is broad and rounded at its upper fi-ee

margin, but inferiorly it becomes pointed, and is prolonged by means of

a long, narrow, elastic band (the thyro-epiglottic ligamenf) to the deep
angular depression between the alte of the thyroid cartilage, to which it

is attached behind and below the median notch. Its lateral borders,

which are convex and turned backwards, are only partly free, the lower

parts being enveloped in the aryteno-epiglottic folds of mucous mem-
brane. The anterior or lingual surface is free only in its upper part,

where it is covered by mucous membrane. Lower down, the membrane
is reflected fr-om it forwards to the base of the tongue, forming three

folds or fr-^enula, the middle and lateral glosso-epiglottic folds. This
surface is also connected below with the posterior surface of the hyoid
bone by a median elastic structm-e named the Injo-eiyiglottic ligament.

The jjosterior or laryngeal surface, which is free in the whole of its extent,

is concavo-convex fr'om above downwards, but concave from side to side :

the convexity projecting backwards into the larynx is named the

tubercle or cushion. The epiglottis is closely covered by mucous mem-
brane, on removing which, the yellow cartilaginous lamella is seen to be
pierced by numerous little pits and perforations, in which are lodged
small glands which open on the surface of the mucous membrane.
Up to the age of puberty the larynx is similar in the male and female,

the chief characteristics at that period being the small size and com-
parative slightness of the organ, and the smooth rounded form of the

thyroid cartilage in front. In the female these conditions are permanent,

excepting that a slight increase in size takes place. In the male, on the

contrary, at the time of puberty, remarkable changes rapidly occur, and
the larynx becomes more prominent and more perceptible at the upper

part of the neck. Its cartilages become larger, tliicker, and stronger,

and the alee of the thyroid cartilage project forwards in front so as to

form at their union with one another, the prominent ridge of t\\Qjjomum
Adami. At the same time, the median notch on its upper border is

considerably deepened. In consequence of these changes in the thyroid

cartilage, the distance between its angle in front and the arytenoid
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cartilages behind oecomes greater, and the vocal cords are necessarily

lengthened. Hence the dimensions of the glottis, which, at the time of

puberty, undergo an increase of about one-third only in the female, are

nearly doubled in the male, and the adult male larynx becomes altogether

one-third larger than that of the female.

Towards the middle of life the cartilages of the larynx first show a

tendency to ossification ; this commences first in the thyroid cartilage,

then appears in the cricoid, and much later in the arytenoid cartilages.

In the thyroid cartilage the ossification usually begins at the cornua and
posterior borders ; it then gradually extends along the whole inferior

border, and subsequently spreads upwards through the cartilage. The
cricoid cartilage first becomes ossified at its upper border upon each side,

near the two posterior articular eminences, and the ossification invades

the lateral parts of the cartilage before encroaching either on the anterior

or posterior parts. The arytenoid cartilages become ossified from below
upwards.

Structure of the cartilages of the larynx.—The epiglottis, the

cornicula laryngis and the cuneiform cartilages, are composed of elastic

or yellow fibro-cartilage (p. 82), and have little tendency to ossify. The
apices of the arytenoid cartilages are also formed of elastic fibro-cartilage,

but the greater part of these, as well as the cricoid and thyroid cartilage

are composed of hyaline cartilage, resembling generally that of the costal

cartilages (p. 81), like Avhich, they are very prone to ossification as life

advances.

LIGAMENTS AND JOINTS OP THE LASYNX.

The larynx is connected with the hyoid bone by a broad membrane
and at the sides of this by two round lateral ligaments. The thyro-hyoid
membrane or middle thyro-hyoid ligament (fig. 450, 5), is a broad,

fibrous, and somewhat elastic membrane, which passes up from the whole
length of the superior border of the thyroid cartilage to the hyoid bone,

where it is attached to the posterior and upper margin of the obliquely

inclined inferior surface. Owing to this arrangement, the top of the larynx,

when drawn upwards, is permitted to slip within the circumference of

the hyoid bone, between which and the upper part of the thyroid carti-

lage there is occasionally found a small synovial bursa. The thyro-

hyoid membrane is thick where subcutaneous towards the middle line,

out at the sides becomes thin and loose, and is covered by the thyro-

hyoid muscles. Behind is the epiglottis with the mucous membrane
of the base of the tongue, separated, however, by adipose tissue and
mucous glands. This ligament is perforated by the superior laryngeal

artery and nerve of each side. The lateral thyro-hyoid ligaments
(fig. 450, 6), placed at the posterior limits of the thyro-hyoid mem-
brane, are two rounded yellowish cords, which pass up from the superior

cornua of the thyroid cartilage, to the extremities of the great cornua

of the hyoid^bone. They are distinctly elastic, and there is frequently

enclosed in each a small oblong cartilaginous nodule, Avhich has been
named cartilago tritkea : sometimes this nodule is bony.

The thyroid and cricoid cartilages are connected together by a mem-
branous ligament and synovial articulations. The crico-thyroid mem-
brane (fig, 450, 9) is divisible into a mesial and two lateral portions.

The mesial portion, broad below and narrow above, is a strong triangular

yellowish liga,ment, consisting chiefly of elastic tissue, and is attached
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to the contiguous borders of the two cartilages. Its anterior surface is

conves, is partly covered by the crico-thyroid muscles, and is crossed

horizontally by a small anastomotic arterial arch, formed by the junc-

tion of the crico-thyroid branches of the right and left suj)erior thyroid

arteries. The lateral jDortions are fixed on each side along the inner

edge of the ujoper border of the cricoid close under the mucous mem-
brane ; they become much thinner above, where they are continuous

with the inferior thyro-arytenoid ligaments.

The crico-thyroid articulations, between the inferior cornua of the

thyroid cartilage and the sides of the cricoid, are two small but distinct

joints, having each a ligamentous capsule and a synovial mem-
brane. The prominent oval articular surfaces of the cricoid cartilage

are directed upwards and outwards, while those of the thyroid cartilage,

which are slightly concave, look in the opposite direction. The cap-

sular fibres form a stout band behind the joint. The movement
allowed is of a rotatory description, the axis of rotation j)assing trans-

versely through the two joints. In addition, a slight gliding movement
in different directions may occur.

The superior thjrro-arytenoicl ligaments consist of a few slight

fibrous fasciculi, contained within the folds of mucous membrane form-

ing the false vocal cords hereafter to be described, and are fixed in

front to the angle between the alte of the thyroid cartilage, some-

what above its middle, and close to the attachment of the epiglottis :

behind, they are connected to the tubercles on the rough anterior

surface of the arytenoid cartilages. They are continuous above with

scattered fibrous bundles contained in the aryteno-epigiottidean folds.

The inferior tliyro-arytenoid ligaments are formed of fine closely

arranged elastic fibres which are attached in front to the middle of the

angle between the dlse of the thyroid cartilage, and behind to the anterior

projection of the base of the arytenoid cartilages. The inner edge of

each ligament is free and sharply defined between those attachments, and,

covered by their mucous membrane, forms the /rzce vocal cord of its own
side. In other directions these ligaments are less sharply defined, for in

their outer part they spread out both above and below as they pass back-

wards. Above, the fibres of the ligament lie near the upper surface

of the projecting fold of mucous membrane which bounds the rima
glottidis, and become gradually merged into the elastic tissue of that

membrane. Below, the inferior thyro-arytenoid ligament passes into

continuity with the lateral crico-thyroid ligament, so that it may be
described as an upward extension of this ligament, and the vocal cord
may be stated to be formed by the superior fi-ee edge of the crico-thyroid

membrane.
The crico-arytenoid articulations are surrounded by a series of thin

capsular fibres, which, together with a loose synovial membrane, serve

to connect the convex elliptical articular surfaces on the upper border

of the cricoid cartilage with the concave articular depressions on the

bases of the arytenoid cartilages. The articular surface on the arytenoid

cartilage is longer from before back than from side to side ; so that its

long axis crosses that of the corresponding surface on the cricoid, and a

part of the latter surface is in every position of the arytenoid left

uncovered (Henle). The movements allowed are of two kinds, viz. ;

—

1. a lateral gliding movement from within out or vic§ versa, the arytenoid
cartilage being bodily moved away from or towards its fellow ; 2. a
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rotating movement on a nearly vertical axis, the vocal processes being

inclined inwards or outwards (as well as somewhat downwards or

upwards). A combined rotating and gliding movement may also occur.

The ordinary position of the arytenoid, when the larynx is at rest, is on
the outer part of the articular surface on the cricoid. There is a strong

ci'ico-arytenoid ligament, arising from the cricoid, and inserted into

the inner and back part of the base of the arytenoid cartilage.

The summits of the arytenoid cartilages and the cornicula laryngis are

sometimes united by a synovial joint, but most frequently by connective

tissue forming a sort of synchondrosis.

INTERIOR OF THE LARYNX.

The cavity of the larynx is divided into an upper and a lower com-
partment by the comparatively narrow aperture of the glottis, or rima

glottidis, the margins of ^s^hich, in then' two anterior thirds are formed by

the lower or true vocal cords ; and the whole laryngeal cavity, viewed in

Fig. 452. Fig. 452.

—

Anterior half op a trans-
terse VERTICAL SECTION THROUGH THE
LARYNXNEAR ITSMIDDLE (Allen Tb omson).

1, npper division of the laryngeal cavity;

2, central portion ; 3, lower division, con-

tinued into 4, trachea ; e, the free part of

the epiglottis ; e'. its cushion ; /;, great

cornua of the hyoid bone ; Jtt, thyro-hyoid

membrane ; t, thyroid cartilage ; c, cricoid

cartilage ; r, first ring of the trachea ; ta,

thyro-arytenoid muscle ; vl, inferior th3?ro-

arytenoid ligament in the membrane of the
true vocal cord at the rima glottidis ; s, the
ventricle ; above this, the superior or false

cords ; s', the sacculus or pouch opened on
the right side by carrying the section fur-

ther forward.

transverse vertical section (fig. 452)
thus presents the appearance of

an hour-glass. The upper com-
partment communicates with the

pharynx by the superior apcriure

of the larynx, and contains imme-
diately above the rima glottidis the

ventricles (s), vdUi their pouches or

saccules, and the upper or false

vocal cords. The lower compart-
ment passes inferiorly into the tube

of the windpipe without any marked constriction or limitation between

them. The whole of the interior of the larynx is hned by mucous
membrane.
The superior aperture of the larynx is triangular, wide in front and

narrow behind, the lateral margins sloping obliquely downwards and

backwards. It is bounded in front by the epiglottis (fig. 453, A, e, and

fig. 454, a), behind by the summits of the arytenoid cartilages (fig. 453,

B, a) and cornicula (s) with the angular border of mucous membrane
crossing the median space between them, and on the sides by two folds

of mucous membrane, the aryteno-epiglottic folds, which, enclosing a
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few ligamentous and muscular fibres and the cuneiform cartilages, pass

forwards from the tips of the arytenoid cartilages and cornicula to the

lateral margins of the epiglottis (fig. 454, 8, 9, 10).

In studying- the form of tlie laryngeal cavity, and its apertures, it is yell^to

become acqtuainted with the appearances which they present on examination

during life by means of the larjTigoscope, and with the relations of these to the

Fig. 453.—Three lakyk- Pig_ 453,
GO.=!COPIC VIE^VS 0? THH
SUPEEIOK, APERTURE 0?

THE LARYNX AND SUR-

ROUNDING PARTS IN DIF-

FERENT STATES OP THH
GLOTTIS DURING LIFE (frOin

Czermak).

A, the glottis during the

emission of a high nots in

singing. B, in easy or quiet

inhalation of air. C, in the

state of widest possible dila-

tation as in inhaling a very

deep breath . The diagrams A',

and C ( A.T.), have been added

to Czermak's figures to show

in horizontal sections of the

glottis the position of the

vocal ligaments and arytenoid

cartilages in the three several

states represented in the other

figures. In all the figures, so

far as marked, the letters in-

dicate the parts as follows,

^'\z. : I, the base of the tongue;

e, the upper free part of the

epiglottis ; e', the tubercle

or cushion of the epiglottis

;

p h, part of the anterior wall

of the pharynx behind the

larynx ; in the mai-gin of the

aryteno-epigiottidean fold w,

the swelling of the membrane
caused by the cuneiform cartilage ; s, that of the corniculum ; a, the tip of the arytenoid

cartilages ; c v, the true vocal cords or lips of the rima glottidis ; c v s, the superior or

false vocal cords ; between them the ventricle of the larjmx ; in C, i r is placed on the

anterior wall of the receding trachea, and 6 indicates the commencement of the two
bronchi beyond the bifurcation, which may be brought into view in this state of extreme
dilatation.

anatomical structure. On thus examining the suioerior aperture, there are seen

on each side two rounded elevations (fig. 4.53, s, ?;•), corresponding respectively

to the cornicula and the cuneiform cartilages ; while in the middle line in front

there is a tumescence of the mucous membrane on the lower part of the

epiglottis, enabling that structure to close the aperture more accurately when
it is depressed, and named the tuherde or cKsliion of the epiglottis {e). The
mucous membrane between the arytenoid cartilages is stretched when they are

separated (b, c), and folded double when they are approximated (A).

On looking down through the superior opening of the larynx, the glottis or

rima glottidis (fig. 45-1, e) is seen at some distance below, in the form of a long
narrow fissure running from before backwards. It is situated on a level with
the lower part of the arytenoid cartilages, and is bounded by the true vocal

VOL. II. . M M
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cords. Above the glottis, another pair of projecting folds is seen, the sjqjertor

or false vocal cords, which are tauch less projecting than the inferior. Between
the superior and inferior vocal cords, the S'i-7ius or vcatricle is seen as an elon-

gated depression (fig. 452, s, and fig. 454, &').

The superior vocal cords, also called the false vocal cords, because

they are not immediately concerned in the production of the voice, are

prominent rounded folds of mucous membrane enclosing- very numerous

Fig. 454.

—

Pekspeotive view of the
PHARYNGEAL OPENING INTO THE LA-

RYNX FROM ABOVE AND BEHIND (Allen

Thomson).

The superior aperture has bsen much
dilated ; the glottis is in a moderately
dilated condition ; the -u-all of the pha-
rj^nx is opened from behind and turned
to the sides. 1, body of the hyoid bone

;

2, small cornua ; 3, great cornua ; 4,

cornua of the thyroid cartilage ; 5, mem-
brane of the pharynx covering the pos-

terior surface of the cricoid cartilage ; 6,

gullet ; 7, trachea ; 8, projection caused

by tlie cartilage of Santorini ; 9, the

same belonging to the cartilage of "Wris-

berg; 10, aiyteno-epiglottidean fold; 11,

cut margin of the wall of the pharynx

;

a, free part of the epiglottis ; a', its

lower pointed part ; a", the cushion ; &.,

eminence on each side over the sacculus

or pouch of the larynx ; V, the ventricles

;

c, the glottis intermembranous part : the

lines on each side point to the vocal

cords ; d, iutercartilaginous part of the

glottis.

glands which form somewhat
arched projections, immediately

above the corres]3onding ventricle

(fig. 454, h). Tbe latter is seen

on looking down into the laryn-

geal cavity, the superior vocal

cords {cvs, fig. 453) being fm^ther

apart than the inferior.

The inferior or true vocal cords, the structures by the vibration of

which the sounds of the voice are produced, bound the two anterior

thirds of the aperture of the glottis, corresponding with the thyro-aryte-

noid ligaments (fig. 454, c). The mucous membrane covering them is

so thin and closely adherent as to show the yellowish colour of the liga-

ments through it. Their free edges, which are sharp and straight, and
directed upwards, form the lower boundaries of the ventricles, and are

the parts thrown into vibration during the j)roductiou of the voice.

Their inner surfaces are flattened, and look towards each other.

The rima glottidis, an elongated aperture, situated, anteriorly,

between the inferior or true vocal cords, and, jjosteriorly, between the

bases of the arytenoid cartilages, forms a long narrow slit, slightly wider
in the centre when nearly closed, as in the production of the voice ; when



JIUSCLES OF THE LASYNX. 531

moderately ojDen, as in easy respiration, its shape is that of a long triangle,

the pointed extremity being directed forwards, and the base being

behind, between the arytenoid cartilages (fig. 453, b') ; in its fully dilated

condition it is lozenge-shaped (the posterior sides being formed by the

inner sides of the bases of the arytenoid cartilages), Avhile the posterior

angle is truncated (c'). The rima giottidis is the narrowest part of the

interior of the laryns ; in the adult male it measures about 23 mm.,
or nearly an inch, in an antero-posterior direction, and 6 or 8 mm.
across at its widest part, w^hicli may be dilated to nearly 12 mm. In
the female, and in males before the age of jDuberty, its dimensions are less,

its antero-posterior diameter being about 17 mm., and its transverse dia-

meter about 4 mm. The vocal cords are about 15 mm. long in the adult

male, and 11 mm. in the female.

The ventricles or sinuses of the larynx (fig. 452, s, and fig. 454, &')

arc narrow^er at their orifice than in their interior. The outer surface of

each is covered by the upper fibres of the corresponding thyro-arytenoid

muscle.

The small recesses named the laryngeal fouclies (fig. 452, s'), lead

from the anterior part of the ventricles upwards, for the space of half

an inch, between the superior vocal cords inside and the thyroid

cartilage outside, reaching as high as the upper border of that cartilage

at the side of the epiglottis. The pouch, which is of variable size, is

conical in shape, and curved slightly backwards. Its ojDening into the

ventricle is narrow, and is generaUy marked by two folds of the lining

mucous membrane. Numerous small mucous glands, sixty or seventy in

number, open into its interior, and it is surrounded by a quantity of fat.

Externally to the fat, this little pouch receives a fibrous investment,

which is continuous below with the superior vocal cord. Over its laryn-

geal side and upper end is a thin layer of muscular fibres (compressor

sacculi laryngis, aryta^no-epigiottideus inferior, Hilton) connected above

with those found in the aryteno-epigiottidean folds. The upper fibres

of the thyro-arytenoid muscles pass over the outer side of the j)Ouch,

a few^ being attached to its lower part. The laryngeal pouch is supplied

abundantly with nerves, derived from the superior laryngeal.

MUSCLES OP THE LARYNX.

Besides certain extrinsic muscles elsewhere described—viz., the sterno-

hyoid, omo-hyoid, sterno-thyroid, and thyro-hyoid muscles, together

with the muscles of the suprahyoid region, and the middle and
inferior constrictors of the pharynx, all of which act more or less upon
the entire larynx—^there are other muscles which move the different

cartilages upon one another, and modify the size of the apertures and the

state of tension of the vocal cords. These intrinsic muscles are the crko-

ihyroid, the posterior crico-arytenoicl, the lateral crico-arytenoid, the

thyro-arytenoid, the arytenoid, and the aryteno-epigiottidean, together

with certain other slender muscular fasciculi. All these muscles, except

the arytenoid which crosses the middle line, are in pairs.

The crico-th3rroid muscle (fig. 455, 10), is a short thick triangular

muscle, seen on the front of the larynx. Its attachment below, to the

cricoid cartilage, extends from the median line a considerable way back-
wards, and its fibres passing upwards and outwards, diverging slightly,

are fixed above to the inferior border of the thyroid cartilage, and to the
M M 2



532 THE LAEYNX.

anterior border of its lower cornn. The latter portion of the muscle, the

fibres of "which are nearly horizontal, is usually distinct from the rest.

Some of the superficial fibres are almost always continuous with the

inferior constrictor of the pharynx. The muscles of the two sides are

Fig. 455. Fig. 456.

Fig. 455.

—

Side view of the larvkx (Sappey).

1, layoicl bone; 2, 3, its cornna ; 4, right ala of thyroid cartilage ; 5, posterior part of
the same separated by oblique line from anterior part ; 6, 7, superior and inferior tuber-

cles at ends of oblique line ; 8, upper cornu of thyi-oid ; 9, thyro-hyoid ligament ; 10,
cuHilago triticea; 11, lower cornu of thyi'oid, articulating with the cricoid ; 12, anterior

part of cricoid; 13, crico-thyroid membrane; 14, crico-thyroid muscle; 15, posterio]^

crico-arytenoid muscle partly hidden by thyi'oid cartilage.

Fig. 436.—PosTKUioR muscles of the iaeykx (Sappey).

1 , posterior crico-arytenoid ; 2, arytenoid muscle ; 3, 4, oblique fibres passing around
the edge of the arytenoid cai'tilage to join the thyro-arytenoid, and to form the aryteno-

epiglottidean, 5.

somewhat separate fi'om one another in the middle line in front, leaving

an interval which is triangular with the base ujjwards. The crico-thyroid

membrane is here esposed.

Action. The anterior part of the muscle contracting will approximate the

cricoid and thyi'oid cartilages in front. In this action the tjiyi'oid is fixed by
the extrinsic muscles, and the anterior part of the cricoid rotating on the axis

u-hich unites the articulations between the cricoid and the lower cornua of the

thyroid is dra-svn upwards, and the part behind the crico-thyroid joints is

depressed, and with it the arytenoid cartilages, so that the vocal cords are thus
put on the stretch. This stretching of the vocal cords is still further assisted by
the action of the oblique fibres, which acting from the cornu of the fixed thyroid,

draw the cricoid cartilag'e backwards. The muscle is g-enerally described as acting
from the cricoid, but as Jelenffy has shown, it is the thyi-oid that is fixed in
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vocalization, tlie cricoid being moveable, and indeed receiving no extrinsic

muscles capable of fixing it efEectually. It is found also that with electric exci-

tation of this muscle the anterior part of the cricoid is raised towards the thyi-oid.

Paralysis of these muscles is accompanied by inability to produce high tones of

the voice.

Fi^. 457.

—

Outline of the eight half Fig. 457.

OP THE CARTILAGES OP THE LARYNX AS

SEEN FROM THE IXSIDE, WITH THE THYRO-

ARYTENOID LIGAMENT, TO ILLUSTRATE THE
ACTION OF THE CRICO-THYROID MUSCLE

(Allen Thomsoa).

t, thyroid cartilage ; c, cricoid cartilage
;

a, right arytenoid cartilage ; a, its vocal

process ; s, corniculum ; c i', the thyro-ary-

tenoid ligament ; the position of the lower

coruu of the thyroid cartilage ou the out-

fiide of the cricoid is indicated by a dotted

outline, and r indicates the point or axis of

rotation of the cricoid cartilage on the cornu

of the thyroid ; c t h, a line in the prin-

cipal direction of action of the crico-thjToid

muscle ; c a x>, the same of the posterior

erico-arytenoid muscle.

The posterior crico-arytenoid

muscle (fig. 456, 1), situated be-

hind, arises from the broad de-

pression on the corresponding half

of the posterior surface of the cricoid

cartilage, and its fibres, conyerging

upwards and outwards, are inserted into the outer angle of the base of

the arytenoid cartilage, behind the attachment of the lateral crico-

arytenoid muscle. The upper fibres are short and almost horizontal

;

the middle are the longest and run obHquelj ; whilst the lower or

external fibres are nearly vertical.

Actum. The posterior crico-arytenoid muscles draw the outer angles of the

arytenoid cartilages backwards and inwards, and thus rotate the anterior or vocal

processes outwards, and widen the rima glottidis. They may also draw the ary-

tenoid cartilages apart. They come into action during deep inspiration. If

paralysed the lips of the glottis approach the middle line, and come in contact

-with each inspiration, so that severe dyspnoea may be iDroduced. Expiratory

efforts, however, are not impeded, and vocalization is unaffected.

Variety.—In connection with the posterior crico-arytenoid muscle, may be

mentioned an occasional small sKp in contact with its lovs^er border, viz., the

kerato-oricoid muscle of Merkel. It is a short and slender bundle, arising from
the cricoid cartilage near its lower border, a little behind the inferior cornu of

the thyroid cartilage, and passing obliquely outwards and ujDwards to be inserted

into that process. It usually exists on only one side. Turner found it in seven

out of thirty-two bodies. It is not known to be of any physiological significance.

(Merkel, Anat. und Phys. des menschl. Stimm-und Sprach-organs, Leipzig, 1857 ;

Turner in Month. Med. Journal. Feb. 1860.)

The lateral crico-arytenoid muscle (fig. 458,/), smaller than the

posterior, is in a great measure hidden by the ala of the thyroid cartilage.

It lies along the sloping upper border of the cricoid cartilage, from which
it arises, its origin extending as far back as the articular surface for the
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arytenoid. Its fibres pass backwards and upwards, the anterior or upper

ones being necessarily the longest, and are attached to the ninscular

process of the arytenoid cartilage and to the adjacent part of its anterior

surface.

This muscle is covered internally by the lateral part of the crico-

thyi'oid membrane, and externally at its anterior part by the upper part

of the crico-thyroid muscle. The upper part is in close contact and
indeed is sometimes blended with the thyro-arytenoid.

Action. These iniiscles, drawmg- the muscular processes of the arytenoid

forwards and downwards, rotate the vocal processes inwards, and approximate
the vocal cords. They thus act antagonistically to the posterior crico-arytenoid.

If both posterior and lateral crico-arytenoids be throwii into action simul-

taneously, the arytenoids will not undergo rotation, but will be drawn down-
wards and outwards, and the glottis will thus be widened.

The thyro-arytenoid muscle consists of two portions, one external

situated immediately within the ala of the thyroid cartilage, and one

Fig. 458. Fig. 458.

—

Side view op the
LAKTNX AFTER KEJIGVAL OF THE
EIGHT ALA OF THE THYROID
CARTILAGE (S. Gr. Shattock).

h, body of hyoid bone, cut ;

e, epiglottis; th, cut surface of

right ala of thyroid cartilage ;

cr, front of cricoid cartilage, the

articular faces for the inferior

corner of the thyroid is seen pos-

teriorly; th.ar, th.ar, fibres of the

thyro-arytenoid (outer portion)

passing from the thyroid in front

to the arytenoid behind ; th.ar',

others arising from the crico-thy-

roid membrane ; another consider-

able mass of fibres is seen arising

from the same parts, and passing

afc first obliquely and afterwards

nearly vertically upwards as the

thjTo-epiglottideau muscles, tk. cp.

:

th.ar.m, small thyro-arytenoid ;

th.ar.m', a small slip of the samar

muscle passing into the false vocal

cord ; cr.ar.to^, lateral crico-aryte-

noid ; cr.ar.io, posterior crico-

arytenoid; r.ar.e]-), right aryteno-

epiglottidean muscle near its

origm ; l.ar.ep, left aryteno-

epiglottidean near its insertion ;

I. ar. ep'
,
portion ofthesame inserted

into the corniculum
; /, fat ; .y,

saccule covered by mucous glands,

internal lying in close contact with the Tocal cord. Sometimes these are

described as distinct muscles under the names external and internal thyro-

arytenoid (Henle), but the separation between them has generally to be

effected by artificial means. The inner portion of the muscle is triangular

in section corresponding with the Yocal fold Avhich it occupies ; the outer

is laterally compressed and extends both above and below the inner

portion. Each contains both antero-posterior and oblique fibres.
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Inner portion.—The antero-posterior fibres of the internal portion

arise in the lower half of the angle formed by the ala3 of the thyroid

cartilage, a few even from a nodule of firmer elastic tissue (sometimes

described as fibro-cartilage) in the anterior part of the vocal cord itself

;

and, passing backwards in a slight curve with the concavity inwards, are

attached behind to the vocal process along its whole length and to the

adjacent part of the outer surface of the arytenoid cartilage. They
are joined internally by short fibres which are attached in front to

the vocal cord, and behind to the vocal process of the arytenoid {portio

anj-vocalis of Ludwig) ; and externally they are contiguous with the antero-

posterior fibres of the external portion. The oblique fibres of the internal

portion pass from the sloping portion of the crico-thyroid membr.ane below
the vocal cord proper (in its anterior third), upwards, outwards, and
somewhat backwards, passing between the antero-posterior fibres, and
over the ventricle of i\Iorgagni to end in the tissue of the false vocal fold.

Outer portion (fig. 458).—The fibres of the external portion arise in

fi'ont from the thyroid cartilage close to the origin of the internal por-

tion, and from the crico-thyroid membrane ; fr"om here they in part

pass backwards to be inserted into the lateral border and muscular pro-

cess of the arytenoid cartilage, in part obliquely upwards towards the

aryteno-epiglottidean fold ; some which are more vertical in direction

passing in a thin layer around the ventricle of Morgagni and the sac-

culus to end in the false vocal fold. The portion of this muscle which
extends towards the epiglottis is often described as a separate muscls

under the name of thyro-epiglottidean (fig. 458, th.ei)).

Action.—The bundles of the thyi-o-arytenoid muscle, differing- as they do in

direction and in points of attachment, must differ also in their action, if sepa-

rately called into play. The antero-posterior fibres will tend to draw forwards
the arytenoid, and -with it the posterior part of the cricoid cartilage, rotating- the
latter upAvards, and antagonising the action of the crico-thyroid, the effect being-

to relax the vocal cords. But if the latter be kept stretched and approximated
by the action of other muscles, those fibres of the inner portion which are in

close contact with the vocal cord may serve to modify its elasticity and consist-

ence ; while the fibres which constitute the portio ary-vocalis may serve, as

Ludwig has pointed out, to tighten the parts of the cord in front of their

attachment, and to slacken the jDarts behind. The vertical fibres of the muscle
which extend from the sloping part of the crico-thyroid membrane across the

base of the vocal fold, and over the ventricle into the false vocal cord, must,
when they contract, render the free edge more prominent. Finally, the fibres

which are inserted into the muscular process of the arytenoid will tend to rotate

the vocal processes inwards, and those which pass up into the aryteno-epiglottidean

folds may assist in depressing the epiglottis.

If the thyro-arytenoid muscles are paralysed, the lips of the glottis are no
longer parallel, but are curved with the concavity towards one another, and a
much stronger blast of air is required for the production of the voice.

Santorini described three thyro-arytenoid muscles, an inferior, a middle, and a

sujjerior. The latter is not always present. The inferior thyro-arytenoid muscle
of Santorini comprises most of the antero-posterior bimdles ; the middle thyro-

arytenoid, the oblique bundles of the external portion. The fibres of the superior

fasciculus, when present, arise nearest to the notch of the thyroid cartilage, and
are attached to the upper base of the arytenoid cartilage (fig. 4.58, th.ar.7n.')

This is named by Soemmerring the sniall thyro-arytenoid whilst the two other

portions of the muscle constitute the great thyro-arytenoid of that author.

When the mucous membrane is removed fi'om the back of the arytenoid

cartilages, a thick band of transverse fibres constituting the arytenoid
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muscle is laid bare (fig. 45G, 2), and on the surface of this are seen two
slender decussating oblique bundles (3, 4), formerly described as portions

of the arytenoid muscle (arytgenoideus obliquus), but now more generally

considered as parts of the aryteno-epiglottidean muscles, with which they

are closely associated both in the disposition of their fibres and in their

action. The arytenoid muscle (fig. 456, 2) passes straight across

between the arytenoid cartilages, and its fibres are attached to the whole
extent of the concave surface on the back of each. The aryteno-
epiglottidean muscles (fig. 456, 5 ; fig. 458, J.ar.cp) arising near

the inferior and outer angles of the arytenoid cartilages, decussate

one with the other, and their fibres are partly attached to the upper
and outer part of the opposite cartilage, partly pass forwards in the

aryteno-epigiottic fold, and partly join the fibres of the thyro-arytenoid

muscle.

Action.—The arytenoid muscle draws the arytenoid cartilages together, and,

from the structure of the crico-arytenoid joints, this approximation when com-
plete is necessarily accompanied with depression. If the muscle is paralysed,

the intercartilaginous jiart of the glottis remains patent, although the mem-

FifT. 459. Fig. 459.

—

View of thk interior of thk
EIGHT HALF OF THE LARINX (Sappey).

1, ventricle ; 2, sujjerior, and 3, inferior

vocal cord ; 4, arytenoid cartilage covered

hj mucous membrane ; 5, arjiienoid muscle

cut across ; 6, slope of crico-thyroid mem-
brane leading up to inferior vocal cord

;

6', lower border of cricoid cartilage ; 7, 8,

sections of cricoid ; 9, its ixpper border

;

10, section of thyroid ; 11, npper part of

larynx; 12, 13, glandular prominence in

ary-epiglottidean fold; 14, 16, epiglottis;

15, fat between it and the thyro-hyoid

membrane ; 17, section of epiglottis ; 18,

section of hyoid bone ; 19, 20, trachea.

branous lips can still be approximated.

The arytc'no-e2)iglottidcan muscles both
approximate the arytenoid cartilages,

which they include in their embrace,

and draw down the epiglottis, so as to

contract the whole superior aperture

of the larynx.

It is remarked by Henle that the

muscles " which lie in the space en-

closed by the lamtna3 of the thyroid

cartilage, and above the cricoid, may
be regarded in their totality as a kind
of sphincter, such as is found in its

simplest form embracing the entrance

of the larynx in reptiles."

a?HE MUCOUS MEMBRANE AND VESSELS OF THE LARYNX.

The laryngeal mucous membrane is thin and of a pale colour. In
some situations it adheres intimately to the subjacent parts, especially

on the epiglottis, and still more in passing over the true vocal cords,

on which it is very thin and most closely adherent. About the
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tipper part of tlie larynx, above tlie glottis, it is extremely sensitive.

In and near the aryteno-epi glottic folds, it covers a quantity of loose

areolar tissue, wliich is liable in disease to infiltration, constituting

oedema of the glottis. Like the mucous membrane in the rest of the

air-passages, that of the larynx is covered in the greater part of its

extent with a columnar ciliated epithelium, by the vibratory action of

which the mucus is urged upwards. The cilia are found higher up in

front than on each side and behind, reaching in the former direction as

high as the widest portion of the epiglottis, and in the other directions

only to a line or two above the superior vocal cords ; above these points

the epithelium loses its cilia, and assumes a stratified squamous
form, Hke that of the pharynx and mouth. Upon the true vocal

Fig. 460.

—

Posterior view of the kektes Fig. 460.

OF THE LARYNX (SaPPEY). - -

1, superior laryngeal nerve ; 2, its branch

to the crico-tliyi-oid muscle ; 3, 4, 5, branches

to the mucous membrane of the larynx ; 6,

filaments uniting the left superior and in-

ferior laryngeal nerves ; 7, the same on the

right side, cut ; 8, 8, inferior laryngeal

nerves ; 9, branch to the posterior crico-ary-

tenoid muscles ; 1 0, branch to the arytenoid

;

11, 12, branches passing to the lateral crico-

arytenoid and the thyro-arytenoid muscles.

cords also the epithelium is squa-

mous, although both above and
below them it is colmnnar and
cihated. Patches of stratified squa-

mous epithelium are found also

dotted here and there in the ciliated

tract above the glottis, especially on
the under surface of the epiglottis,

the inner surface of the arytenoid

cartilages, and at the free border of

the superior vocal cord. Bodies

which are to all appearance similar

to the taste-buds presently to be

described in the mucous membrane of the tongue are found imbedded in

this stratified epithelium.

The lining membrane of the larynx is provided with numerous glands,

which secrete an abundant mucus ; and the orifices of which may be
seen almost everywhere, excepting upon and near the true vocal cords.

They abound particularly upon the epiglottis, in the substance of which
are found upwards of fifty small compound glands, some of them per-

forating the cartilage. Between the anterior surface of the epiglottis,

the hyoid bone and the root of the tongue, is a mass of yellowish fat,

erroneously named the epiglottic gland, in or upon which some small

glands may exist. Another collection of glands is placed within the fold

of mucous membrane in fi'ont of each arytenoid cartilage, fi'om which
a series may be traced forwards, along the corresponding superior vocal
cord. The glands of the laryngeal pouches have already been noticed.
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"Vessels and Nerves of the Larynx.—The arteries of the laiynx are derived

from the sui>erior thji-oid. a branch of the external carotid, and from the inferior

thyroid, a branch of the subclavian. The veins join the snperior, middle, and
inferior thyroid veins. The lymvliatics are numerous, and pass through the

cervical glands. Their mode of distribution resembles that in the trachea. The
nerves are supplied from the superior laryngeal and inferior or recurrent

laryngeal branches of the pneumogastric nerves, joined by branches of the

sympathetic. The superior laryngeal nerves supply the mucous membrane, and
the crico-thyx-oid muscles, and also in part the arytenoid muscle. The inferior

lai'yngeal nerves supply, in part, the aryteaoid muscle, and all the other muscles,

excepting the crico-thyroid.

The superior and inferior laryngeal nerves of each side communicate with each
other in two places, viz., at the back of the larynx, beneath the pharyngeal

mucous membrane, and on the side of the larynx, under the ala of the thyroid

cartilage. Numerous ganglion-cells are found on the branches, both on those

which enter the muscles, and also underneath the mucous membrane. End-bulbs

are also described in the mucous membrane which covers the posterior or

laryngeal sru-face of the epiglottis (Lindemann).
The further details of the distribution of the vessels and nerves will be found

in vol. 1.

Becent literature of the larynx.—Luschka, Der Kehlkopf des Menschen,
Ttibingen, 1871 ; Jdenffy in Pfltiger's Arcliiv. YII., 1871, and "Wiener med. Wochenschr,

1872 ; Schech in Zeitscbr. f. Biol. IX., 1873 ; Coyne (mucous membrane) in Monthly
Micro. Journal, 1874; Heitler, Aden. Subst. in d. Schleimhaut, Wiener med. Jahrb.,

1874 ; Bithlmann (Muskeln) Wien. Sitzungsb., LXIX., 1874 ; Disse, Beitrage, &c., in

Arch. f. mikr. Anat., XI., 1875 ; Ziemssen, Article "Diseases of respiratory apparatus"

in his Handbook, 1876 ; W. Grubcr, in Virch. Arch., LXVL, LXVIL, 1876 ; St. Petersb.

Memoires, XXIII., 1876 ; and Arch. f. Anat., 1875 and 1876 ; Rildinger, Beitrage, &c.,

in Monatschr. f. Ohrenbeilk., 1876 ; ScJwfield, in Journ. of Anat., 1876 (taste-buds in

epiglottis) ; Weinberg, Gestalt d. Kehlkopf in versch. Lebensaltern, Arcb. f. klin. Cbi-

rurg., 21, 1877 ; Davis, Die becberform. Organe d. Keblk., Arcb. f. mikr. Anat. XIV.,

1877 ; Moura, Dim. d. diverses parties d. levi-es vocales. Bull, de I'acad. de med.,

1879 ; Griltzncr, Article " Stimme u. Si^racbe " in Hermann's Handb. der Physiol., 1879

;

S. G. Shattock, in the Journal of Anatomy, 1882 (tbyro -arytenoid muscle).

DUCTLESS ai.AT3"DS OM" THE LAEYITX AISTD TEACHEA.
THE THYROID BODY.

The thyroid "body or gland (fig. 461) is a highly vascular organ,

consisting of two lateral lodes, united together towards their lower ends

by a transverse portion named the isthmus. Viewed as a whole, it is

convex on the sides and in front, forming a rounded projection upon the

trachea and larynx. It is covered by the sterno-hyoid, stemo-thyroid,

and omo-hyoid muscles, and behind them it comes into contact Avith the

sheath of the great vessels of the neck. Its deep surface is concaye

where it rests against the trachea and larynx. It usually extends so far

back as to touch the lower portion of the pharynx, and on the left side

the oesophagus also.

Each lobe extends from the fifth or sixth ring of the trachea to the

side of the thyroid cartilage, of which it covers the inferior cornu and
part of the aljl near the posterior border.

The transverse part, or isthmus (i), commonly lies across the second,

third, and fourth rings of the trachea, but is very inconstant in size,

shape, and position. From the upper part of the isthmus, or from the

adjacent portion of either lobe, a slender conical process, named the

fyramid, or middle lobe, often proceeds upwards to the hyoid bone, to

which its apex is attached by loose fibrous tissue.



STRTJCTUEE. 539

This process usually lies somewliat to the left ; occasionally it is thicker above
than below, or is comiDletely detached, or is split into two parts : sometimes it

appears to consist of fibrous tissue only. In many cases muscular fasciculi, most
frequently derived from the thyi-o-hyoid muscle, but occasionally independent,

descend from the hyoid bone to the thyroid gland or its pyramidal process. They
are known as the levator glandidce tlujroklecB (fig-. 461, It). It sometimes, though
rarely, happens that the isthmus is altogether wanting, the lateral lobes being
then connected by areolar or fibrous tissue only : this is the natural condition in

some animals.

Each lateral lobe measures about two inches in length, an inch and a quarter

in breadth, and three-quarters of an inch in thickness at its largest part, Avhich

is below its middle : the right lobe is usually a little longer and wider than the
left.

The isthmus measures nearly half an inch in breadth, and from a quarter to

three-quarters of an inch in depth.

The oveifiht of the thyroid body is ordinarily from one to two ounces. It is

always larger in females than in males, and appears in many of the former to

undergo a periodical increase about the time of menstruation. It varies a good

Fig. 461.

—

Sketch showing the torm and position *'§• ^'''•

OF THE THYROID BODY (Allen Thomson), One-half
THE NATURAL SIZE.

The larynx and suiTounding parts are viewed from
before ; on the right side the muscles covering the
thyroid body are retained, on the left side they are

removed ; h, hyoid bone ; th, riglit thyro-hyoid muscle

;

li, omo-hyoid ; sli, sterno-hyoid ; sf, sterno-thiToid

;

c, crico-thji-oid membrane ; tr, trachea ; ce, cesophagus;

t, right lobe of the thyi-oid body ; t', the left lobe ; i,

the isthmus ; It, the fibrous or muscular band termed
levator thyroidece, which is more rarely found in the
middle line or to the right side, and which existed in

the case from which the figure was take~.

deal in size, and occasionally undergoes enormous
enlargement. Its colour is usually of a dusky
brownish red, but sometimes of a yellowish hue.

Structure.—rTlie texture of this organ
is firm, and to the naked eye a]3pears coarsely

granular. It is invested by a thin trans-

parent layer of dense areolar tissue, which
connects it with the adjacent parts, and
imperfectly separates its substance into small lobules of irregular form
and size.

When the organ is cut into, a yellow glairy fluid escapes from the cut
surface. Imbedded in its substance are multitudes of closed vesicles

(fig. 462), which are held together in gi-oups or imperfect lobules by
areolar tissue. The size of the vesicles varies from siotl^ of an inch to
that of a millet-seed, so as to be visible to the naked eye. They are
spherical, polyhedral, or flattened in shape. The wall of each vesicle
consists of a simple layer of cubical or columnar epithelium-ceUs.
According to Baber there is no basement membrane.
The vesicles may contain, besides the characteristic yeflow glairy fluid

(coUoid), detached epithehum-ccrs, white blood-corpuscles, parenchyma-
cells which seem to have migrated into the cavities, and also according
to Baber red blood-corpuscles in various stages of disintegration and
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clecolourization. From this ifc is inferred that the thyroid body may
be concerned in producing retrogressive changes in the blood.

In the interstitial connective tissue of the gland there occur a number
of cells similar to the " plasma-ceUs " of Waldeyer (" parenchyma-cells,"
Baber). The spaces (areolee) of this tissue may be filled Avith the same
colloid substance as that which occupies the vesicles. The blood-vessels

and lymphatics are conducted to the vesicles iu the interstitial tissue, the

Fig. 462.

Fig. 462.

—

Section of the thyroid gland of a chiijD (E.A.S.)

Two complete vesicles aud iDortions of others are represented. The vesicles are filled

•with colloid which also occupies the interstitial spaces. In the middle of one of the

spaces a blood-vessel is seen cat oLliquely, and close to it is a plasma-cell. Between the
cubical epithelium cells, smaller cells like lymph-corpuscles are seen here and there.

lymphatic vessels not coming into such intimate relations with the walls

of the vesicles as the blood-capillary network, the vessels of \Aiiich are in

close contact with the ejDithelium and may even j^roject between the

epithelium-cells.

Although the vesicles are as a rule quite distinct from each other in the adult,

incompletely developed portions may here and there be found in which anasto-

mosing cylinders of columnar cells occui'.

One of the most frequent pathological changes to which the thyi-oid body is

subject consists in the accumulation within its vesicles of colloid substance :

in certain forms of goitre it distends them to an enormous degree.

In the foetus, and dui-ing early infancy, this organ is relatively larger than in

after-life ; its proportion to the weight of the body in the new-born infant being
that of 1 to 240 or 400, whilst at the end of three weeks it becomes only 1 to 1160,

and in the adult 1 to 1800 (Krause). In advanced life the thyroid body is liable

to become indui-ated, and frequently contains earthy deposit ; its vesicles also

attain a very large size.

Vessels and nerves.—The arteries of the thyroid body are the superior and
inferior thjnroids of each side, to which is sometimes added a fifth vessel, the

thyroidca ima. The arteries are remarkable for their large relative size, and for

their frequent and large anastomoses ; they terminate in a capillajry network
npon the outside of the vesicles. The vehis, which are also large, ultimately form
plexuses on the surface, from which a superior, middle, and inferior thyroid vein

are formed on each side. The superior and middle thyroid veins open into the

internal jugular ; the inferior veins issue from a plesus formed in front of the

trachea, and open into the innominate veins. The lymphatic:^ of the tlijT.'oid

body form numerous and large anastomosing trunks, both at the surface of the
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organ and throug'liout its substance ; they originate, according to the observaticns

of Frey, in the connectiTe tissue which unites the gland-vesicles, with the cavity

of which they appear not to be in communication. They contain, besides lymph,
colloid substance, similar to that found within the vesicles (Baber).

The nerves are derived from the middle and inferior cervical ganglia of the

sympathetic. They accompany the blood-vessels; and have here and there

ganglion-cells in their course ; their mode of ending is unknown.

Kecent Literature.

—

PercinescMco in Zeitschr. f. wiss. Zool. , 1867 ; W. Miiller in

Jena. Zeitschr., 1871 ; Verson, Article in Strieker's Handbook, 1871; JBoecliat, Thesis,

Paris, 1873; Poincare in J. de I'anat., 187o ; Babcr in Phil. Trans., 1876 and 1881 ;

Zeiss, Dissert., Strassburg, 1877 ;
(on anatomical peculiarities of the thyroid) W. Grubcr

in Arch. f. Anat., 1876 and in Virch. Ai-ch. LXVI., 1876; (on an accessory thyroid)

Marten in Arch. f. Anat., 1879.

THE THYMUS GLAND.

The thymus gland or body is a temporary organ which reaches its

greatest size at about the end of the second year of life, after wliich period

it ceases to grow, and is gradually reduced to a mere vestige. Its function

is not fully understood, although it is probable that it is in some way
connected with the elaboration of the blood in infancy. When examined
in its mature state in an infant under two years of age, it appears as a

narrow elongated glandular-looking body, situated partly in the thorax,

and partly in the lower region of the neck (fig. 463) : below, it lies in

the superior mediastinal space, close behind the sternum as far down as

the fourth rib-cartilage, and in front of the great vessels and pericardium ;

above, it extends upwards upon the trachea in the neck as high as the

lower border of the thyi'oid, being covered by the sterno-hyoid and sterno-

thyroid muscles. Its colour is greyish, "\nth a pinkish tinge ; its con-

sistence soft and pulpy, and its surface appears distinctly lobulated. It

consists of two lateral lodes, which touch each other along the middle line,

and are of a nearly symmetrical long jDyramidal form, though generally

unequal in size, sometimes the left, and at other times the right lobe being
the larger of the two. An iniermediate lohe often exists between the

two lateral ones, and occasionally the whole body forms a single mass.

Externally the gland is in contact with the pleura, near the internal

mammary artery, and higher up (in the neck), with the sheath of the

carotid artery. The dimensions of the thymus vary according to its

stage of development. At birth it measures rather more than two
inches in length, an inch and a half in width at its lower part, and about

one quarter or one third of an inch in thickness. Its weight at that

period is about half an ounce.

At puberty the thjTuus is generally reduced to a mere vestige which has entirely

lost its original structure, and consists of brownish tissue occupying part of the
superior mediastinum. Occasionally it is still found in good condition at the
twentieth year ; but generally only traces of it remain at that time, and these
are rarely discoverable beyond the twenty-fifth or thirtieth year.

Structure.—The lateral lobes of the thymus gland are each invested
by a thin capsule of areolar tissue, which sends partitions into the gland
between the lobules : on its outer surface the capsule is covered by a
layer of flattened cells. Each lobe consists of numerous polyhedral
lobules, connected by a more delicate intervening areolar tissue. These
primary lobules are made up of a number of small nodules or follicles

(fig. 464, i, l), one to two millimetres in diameter. Each follicle
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is composed of a central part or medulla, and an external larger part or
cortex. The cortex is in many respects similar in structnre to an ordi-

nary lymphoid foUiele, such as those of the tonsils or of Peyer's patches
in the intestine : consisting, hke these, of retiform tissue composed of a
network of branched cells, and of a fine reticulum (Watney), the meshes

Pig. 463.

Fig. 463.

—

The THTiirs rs a child of six jioxths (Sappey).

A. Situation, form and relations of the gland. 1, right lobe; 2, left lobe ; 3, median
furrow ; 4, lung, somewhat everted ; 5, internal mammary rein ; 6, thyroid body

;

7, 8, inferior thyroid veins, mesial and lateral ; 9, common carotid artery; 10, internal

jugular vein; 11, pneumogastric nerve. B. Right lobe of the thymus after removal of

its envelope ; 1, its apex ; 2, its base ; 3, thin outer border; 4, thick inner border,

C. The gland unravelled, showing the lobules grouped around a central cord ; 4, the

central cord or strand of connective tissue, connecting the lobules.

of both being filled -with lymphoid cells (thymus corpuscles) ; at the sur-

face of the follicle the retiform tissue is somewhat closer, so as to form a

species ofcapsule for it. In some animals these capsules completely enclose

the follicles, but in others, including man, several follicles may be imited

towards the centre of the lobule, Avhich is then commonly of softer con-

sistence than the other parts, and apt to break down if not perfectly fi-esh,

so as to give the deceptive appearance of a central cavity (see fig. 464).

In the medulla, the retiform tissue is coarser and the lymphoid cells
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fewer ; but it contains here and there peculiar corpuscles, which present

an appearance of concentric striation, and are known as the concentric

corpuscles of Hasscdl. They vary in size fi'om that of a blood-corpuscle

to three times that diameter, or more ; the larger often contain smaller

ones in their interior.

Each is composed of an envelope of epithelioid cells enclosing a
central mass, formed of one or more granular cells. The latter are also

foimd, unenclosed, in the retiforni tissue of the follicle, and occasionally

attain a large size (giant-cells). The concentric corpuscles are often

attached to blood-vessels and to each other by bands of fibrous tissue,

and it has been inferred by Afanassiew that they are merely portions of

vessels which have become atrojDhied, but according to "Watncy this is not
the case ; since, at the time when they are most abundant, the formation

of blood-vessels, and of blood-corpuscles within them, is proceeding most
actively in the glands. Cysts, lined with ciliated epithelium, have been
found by Watney in the thymus of the dog.

Fig. 464.

—

Section of a lobule of an injected
INFANTILE THYMUS GLAND (from Kolliker).

Magnified.

a, capsule of connective tissue surrounding the

lobule ; h, h, follicles ; c, cleft in tlie centre of

the lobule, probably produced by the sluinkiug

away of the soft follicular substance.

The retrogressive development of the
gland is accompanied by an increase in the
interstitial connective tissue, ^^'hich also

invades the follicles. In this tissue plasma-
cells become accumulated, and are eventually
transformed into fat-cells, the normal struc-

ture of the thymus becoming gradually
obliterated.

Vessels and Nerves.—The arteries of
the thymus are derived from various sources,

viz., from the internal mammary, the inferior

and superior thyroid, the subclavian and
carotid arteries. Their branches penetrate
to the follicles, where they form a plexus
which suxTOunds the cortex and from which
capillaries converge towards the medulla. In some animals these vessels loop
back towards the cortex, but in others they open into an inner vascular circle
which lies just within the boundary of the medulla. The febis, for the most part,
open into the left innominate vein.

The h/nij)Jiatics are large. According to the observations of His on the calf,
the larger blood-vessels passing to the centre are each accompanied by two or
more lymphatic trunks. These arise from an interlobular plexus, which again is
in connection with vessels which sm-round and enclose the individual follicles
without penetrating them (as ia those of the intestine).
The nerves are very minute. HaUer thought that they were partly derived

from the phrenic nerves, but according to Cooper, no filaments from these nerves
go into the gland, although they reach the investing capsule, as does also a
branch from the descendens noni. Small filaments, derived from the pneumo-
gastric and sympathetic nerves, descend, on the thyi-oid body, to the upper part
of the thymus. Sympathetic nerves also reach the gland along its various arteries.
For the literature of the thymus, as well as many details of its comparative

structure, the reader is referred to a paper by Dr. H. Watney in the Phil. Trans,
for 1882.
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OEGANS OF DIGESTION.
The digestivo apparatus consists of the alimentary canal, together

with various glands of wliich it receives the secretions.

The ahmentaiy canal commences at the mouth and terminates at the

anus. Its average length is about thirty feet,—about five or six times

the length of the body.

The part in the head and thorax consists of the mouth, with the tectli,

and salivary glands, the pharynx, and the asophagus or gullet. The
part contained in the abdomen and pelvis consists of the stomach and
the small and large intestine. JSTuraerous small glands are situated in

the mucous membrane of the alimentary canal, and the ducts of

larger glands, the salivary glands, imncreas and liver, open on its inner

surface.

THE MOUTH.
The mouth is bounded by the lips, cheeks, tongue, and the hard and

soft palate, and communicates behind with the pharynx through the

fauces (isthmus faucium). It is lined throughout by mucous membrane,

and into it open the ducts of the salivary glands.

The li]JS and cliceJcs are composed externally of skin, and internally of

mucous membrane, becween which are included muscles, vessels, and

nerves fully described in other parts of this work, areolar tissue, fat, and

numerous small glands. The free border of the lips is protected by a

dry mucous membrane, which becomes continuous with the skin, is

covered with numerous minute vascular papillte (fig. 465), and is

Mg. 465. Fig. 465.

—

Threk papilla from the lip, with tes
BLOOD-VESSELS INJECTED (Toldt).

highly sensitive. In some of these pa23ill£e nerve

end-bulbs, approaching in character to tactile

corpuscles, are found. On the inner surface of

each lip, the mucous membrane forms a fold in

the middle line, connecting the lip with the

gums. These are the fratna or frcmmla : that

of the upper lip is the larger.

Numerous small racemose glands (Jahkil glands)

open on the inner surface of the lips near the oral

aperture. They are situated between the mucous
membrane and the orbicularis oris muscles.

Other small glands (buccal glands') lie between the

bi^ccinator muscle and the mucous membrane of the

cheek. Two or three, larger than the rest, found be-

tween the masseter and buccinator muscles, and open-

ing by separate ducts near the last molar teeth, are

called the mohir glands. The secretion of these glands is understood to be mucus

;

whether it has any of the specific properties of saliva is not known. Small

sebaceous glands occur on the outer part of the red border of the lips.

Immediately within the lips and cheeks are the doital arches, consist-

ing of the teeth, gums, and alveolar borders of the maxillge. The gums
(gingiva3) are composed of dense connective tissue, cohering very

closely with the periosteum of the alveolar processes, and covered by a
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red and highly vascular mucous membrane, which is smooth in its

general surface, but is beset with fine papillge in the immediate vicinity

of the teeth.

The mucous membrane of the mouth is lined by scaly stratified epi-

thelium, containing in the deeper layers numerous cells marked with
ridges and spines, like those described in the epidermis.

THE TEETH.
In the human subject, as in mammalia generally, two sets of teeth

make their appearance in the course of life, of which the first compre-
hends the temjjorary or onillc teeth, whilst the second is the permanent
set. The temporary teeth are twenty in number, ten in each jaw,

and the permanent set consists of thirty-two, sixteen above and sizteen

below.

GENERAL CHARACTERS OF THE TEETH.

A tooth consists of three portions, viz., one which projects above the

gums and is named the body or croivn, another fixed in the alveolus or

socket, the root, consisting oi 2k fang ov fangs—and a third, intermediate

between the other two, and, from being more or less constricted, named
the iiech (fig. 4G6). The size and form of each of these parts vary in

the different kinds of teeth.

The roots of the teeth are accurately fitted to the alveoli of the jaws,

in which they are implanted. Each alveolus is lined by periosteum

(dental periosteum, fig. 466, 4), which also invests the contained tooth

as high as the neck, and is blended above with the dense tissue of the

gums. The fangs of aU the teeth taper from the cervix to the point,

and this form, together with the accurate adjustment to the alveolus,

has the effect of distributing the pressure during use over the whole
socket, and of preventing it from unduly bearing on the point of the

fang, through which the blood-vessels and nerves enter.

The thirty-two permanent teeth consist of four incisors, two canines,

four bicuspids, and six molars in each jaw. The twenty temporary
teeth are fom^ incisors, two canines, and four molars above and below.

There are no bicuspids among the temporary teeth, the eight deciduous

molars preceding eight bicuspids of the permanent set. The relative

position and arrangement of the different kinds of teeth in the jaws may
be expressed by the following formula, which also exhibits the relation

between the two sets in these respects :—

i

MO. CA. IN. CA. MO.

Upper 2 14 12 =10
Temporary teeth . • • s = 20

(Lower 2 14 12 =10
MO. BI. CA. IN. CA. BI. MO.

i Upper 3 2 14 12 3 = 16

Permanent teeth. . . .<^ =32
(Lower 3 2 1 4 1 2 3 = 10

The PeemajSTEnt Teeth.—The incisors (fig. 467), eight in number,
are the four front teeth in each jaw, and are so named from being
adapted for cutting or dividing the food. Their croivns are chisel-

shaped (c), and have a sharp horizontal cutting edge, which by con-

tinued use is bevelled off behind in the upper teeth, but in the lower ones

is worn down in fr'ont, where it comes into contact with the over-lapping

edges of the upper teeth. Before being subjected to wear, the horizontal
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edge of each incisor is marked by three small prominent points,

separated by two slight notches (fig 467, d). The anterior surface of

the crown is slightly convex, and the posterior concave. The fang is

Fiff. 466. Fig. 466.

—

Vertical section

OF PREMOLAR OP CAT. 15
DIAMETERS (Waldejer).

c, is placed in the pulp-

cavity, opposite the cervix or

neck of the tooth ; the part

above is the crown, that below
is the root (fang). 1, enamel
"with radial and concentric

markings ; 2, dentine with
tubules and incremental lines

;

S, cement or crusta petrosa,

with bone corpuscles ; 4,

dental periosteum ; 5, bone
of lower ja^w.

long, single, conical, and
compressed at the sides,

where it sometimes
though rarely presents

a slight longitudinal

forrow (as in c).

The lo-wer incisor teeth

are placed vertically in. the

]aw, but the corresponding
upper teeth are directed

obliquely forwards. The
upper incisors are, on the
whole, larger than thelower
ones. Of those in the upper
jaw the central incisors are

the larger ; but in the lower
jaw, the central incisors

are the smaller, and are,

indeed, the smallest of all

the incisor teeth.

The canine teeth

(fig. 468), four in

number, are placed one
on each side, above and

below, next to the lateral incisors. They are larger and stronger

than the incisor teeth. The crown is thick and conical, convex in

front and hollowed behind, and may be compared to that of a

large incisor tooth the angles of which have been removed, so as

to leave a single central point or cusjj, whence the name cuspidate

applied to these teeth. The point always becomes worn down by
use. The fang of the canine teeth is single, conical, and compressed

at the sides : it is longer than the fangs of any of the other teeth, and

is so thick as to cause a prominence of the alveolar arch : on the sides it

is marked by a groove, an indication, as it were, of the cleft or divi-

sion which appears in the teeth next behind.
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The upper canines, popularly called th.e eye-teetli, are larger than the lower,

and in consequence of this, as well as of the greater width of the upper range of

incisors, they are thrown a little farther outwards than the lower ones. In the

dog-tribe, and in the camivora generally, these teeth acquire a gi-eat size, and are

fitted for seizing and killing prey, and for gnawing and tearing it when taken as

food.

Fig. 467.Fig. 467.

—

Ikcisor teeth op the upper
AND LOWER JAWS.

a, front view of the upper and lower

middle incisors ; 5, front view of the upper
and lower lateral incisors ; c, lateral view
of the upjjer and lower middle incisors,

showing the chisel shape of the crown
;

a groove is seen marking slightly the fang

of the lower tooth ; d, the upper and
lower middle incisor teeth before they have
been worn, showing the three points on

the cutting edge.

The bicuspids (fig. 4G9), also

called premolars, are four in each

jaw ; they are shorter and smaller

than the canines, next to which
they are placed. The croivn is com-
pressed antero-posteriorly, and is

convex, not only on its outer or

labial surface, hke the preceding

teeth, but on its inner surface

also, which rises vertically from
the gum ; it is broader than that of an incisor or canine tooth, and is

surmounted by two pointed tubercles or cusps, of which the external

one is larger and higher than the other. The fany is similarly com-
pressed, and is deeply grooved in all cases, showing a tendency to become
double.

Fig. 468.

—

Canine tooth op the upper jaw.

«, front view ; h, lateral view, showing the long fang
grooved on the side.

The apex of the fang is generally bifid, and in the

second upper bicuspid the root is often cleft for a
considerable distance ; but the bicuspid teeth are very
variable in this respect, and may be, all four, free

fi'om any trace of bifidity of the root. The upper
bicuspids are larger than the lower ones, and their

cusps are more deeply divided. Sometimes the first

lower bicuspid has only one tubercle distinctly marked,
i.e., the external, and in that case approaches in figure

to a canine tooth.

Fig. 468.

The molar teeth (fig. 470), true or large molars, or grinders, are

twelve in number, and are arranged behind the bicuspid teeth, three on
each side, above and below. They are distinguished by the large size

of the crown, and by the great width of its grinding surface. The first

molar is the largest, and the third is the smallest, in each range, so as to
produce a gradation- of size in these teeth. The last of the range.
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owing to its late appearance through the gum, is called the v)udo;n-
iootli. The crowns of the molar teeth are low and cuboid in their general
form. Their outer and inner surfaces are convex, but the crowns are

rather flattened before and behind. The grinding surface is nearly
square in the lower teeth, and rhomboidal in the upper, the corners being
rounded oJBF ; it bears four or five trihedral tubercles or cusps (whence
the name multicusimlati), separated from each other by a crucial de-
pression.

Fig. 469. Fig. 470.

Fig. 469.—^FiRST BicirspiD tooth of the upper and lower jaws.

a, front view ; &, lateral view, showing the lateral groove of the fang, and the ten-

dency in the tipper to division.

Fig. 470.

—

First molar tooth of the upper and lower jaws.

They are viewed from the outer aspect.

The bicus|)id and the molar teeth, from the breadth and uneven
character of their masticating surface, are fitted for bruising, crushing,

and grinding the food.

The fangs of the molar teeth are multiple. The upper molars have four cusps

situated at the angles of the masticating surface ; of these the anterior internal

cusp is the largest, and is frequently connected with the posterior external cusp

hy a low oblique ridge. lu the upper wisdom-teeth, the two internal cusps are

usually blended. The crowns of the lower molars, which are larger than those

of the upper, have five cusps, the additional one being placed between the two
posterior ones, and rather to the outer side ; this is especially evident in the

lower wisdom-teeth, in which, however, the crown is smaller and rounder than

in the others. In the two anterior molars of the yppcr jaw, the fangs are three

in number, viz., two placed externally, which are short, divergent, and directed

towards the antrum of the superior maxilla ; and a third or internal fang, which
is larger and longer, and is directed towards the jjalate, its posterior border

extending as far back as that of the posterior external fang. This third fang is

often slightly grooved, especially when the two internal cusps of the crown are

verj^ distinct, and sometimes it is divided into two smaller fangs. The two
anterior molars of the loivcr jaw have each two broad, compressed fangs, one

anterior, the other posterior, which are grooved on the faces that are turned

towards each other, as if each consisted of two fangs fused together ; they have
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an inclination or cnrre backward:? in the ]aw, and are sligMly divergent, but

sometimes parallel, or even nearly in contact with each other ; more rarely one

or both of them is divided into two smaller fangs. In the wisdom-teeth of both

jaws the fangs are often collected into a single irregular conical mass, which is

either directed backwards in the substance of the jaw, or curved irregularly ; this

composite fang sometimes shows traces of subdivision, and there are occasionally

two fangs in the lower tooth and three in the upper.

The range of teeth in each jaw forms a nearly uniform curve, which is not broken

by any interval, as is the case in many mammals, and even in some of the Quad-
rumana. The upper dental arch is rather wider than the lower one, so that

the teeth of the upper jaw slightly overhang those of the lower. "While there

is a slight diminution in the height of the croT^Tis of the teeth from the incisors

backwards to the Avisdom-teeth, there is in man no abrupt change of level along

the range. In consequence of the large proportionate breadth of the upper
central incisors, the other teeth of the upper jaw axe thrown somewhat outwards,

so that in closure of the jaws the canines and bicuspids come into contact partly

with the corresponding lower teeth, and partly with those next following ; and
in the case of the molars, each cusp of the upper lies behind the corresponding

cusp of the lower teeth. Since, however, the upper molars and especially the

wisdom-teeth are smaller than those below, the dental ranges terminate behind
nearly at the same point in both jaws.

The Milk-teeth (fig. 471).—The temporary incisor and canine teeth resemble

those of the permanent set in their general form ; but they are of smaller

dimensions. The temporary molar teeth present some peculiarities. The hinder

Fig. 471.

Fig. 471.

—

Milk teeth of the eight side of the tjpperand lower jaws.

a, the incisors ; b, the canines ; c, the molar teeth.

of the two is much the larger ; it is the largest of all the milk-teeth, and is

larger even than the second permanent bicuspid, which it afterwards gives place

to. The first upper milk molar has only three cusps, two external and one
internal ; the second has four. The first lower temporary molar has four cusps,

and the second five, of which in the latter case three are external. The fangs of

the temporary molars resemble those of the permanent set, but they are sanaller,

and are more divergent from the neck of the tooth.

STRUCTURE OF THE TEETH.

On making a section of a tooth, it is found to be hollow within (fig.

472). The form of the cavity bears a general resemblence to that of

the tooth itself ; it occupies the interior of the crown, and extends along

each fang, at the point of which it opens by a small orifice. In the

incisor teeth the cavity is prolonged above into two fine canals, which
proceed one to each corner of the crown ; in the bicuspid and molar teeth

it advances a short distance into each cusp. In the case of a root formed



550 THE TEETH.

by the blending of two or more fangs, each division has a separate canal
prolonged to its apex.

Pulp of the teeth.—The central cavity of a tooth is called thQ pulp-
cavity, because it is occupied by a soft, highly vascular, and sensitive
substance, called the dental p)ulp. This pulp consists of jelly-like
connective tissue containing cells, blood-vessels and nerves, and a few fine
fibres. The cells are partly disseminated in the matrix, and partly form
a stratum at the surface of the pulp, where they are elongated, some-
what like the cells of columnar epithelium (see fig. 484, c, p. 558). The
superficial cells {odoniollasts) send processes into tubules in the dentine,
to be afterwards noticed, of which more than one may come from the
same cell. The filaments within the tubules were first noticed by J. Tomes.
The arteries and nerves, which are derived from the internal maxillary
and fifth pair respectively, enter by the aperture at the point of each
fang. The vessels form a capillary network beneath the super-

Fig. 472. Fig. 472,

—

Sections of an incisor and molar
TOOTH.

ficial cells ; the nerves, as described by
Boll in the rabbit's incisor, end in fine

non-medullated fibres which are dis-

tributed abundantly at the surface of

the pulp and run up between the

superficial cells. Some appear to take
the direction of those cell-processes

which enter the hard tissue, but they
have not with certainty been traced into the dentinal tubules.

According to Klein it is not the odontoblasts but other more deeply lying cells

which send processes into the tubules of the dentine. To this it may be remarked
that in the developing tooth it is not difficult to trace the filaments into the odon-
toblasts themselves.

Hard tissues of the teeth.—The hard part of a tooth is composed
of three distinct substances,—viz., the proper dental substance, ivory

or dentine, the enamel, and the cement or crusta ^jetrosa. The dentine

constitutes by far the larger portion ; the enamel is found only upon
the exposed part or crown ; and the cement covers with a thin layer the

surface of the fang.

The dentine (Owen,) resembles bone in its general aspect and
chemical constitution, but is not identical with it in structure.

The dentine of human teeth is composed of 28 parts per cent, of animal, and
72 of earthy matter. The former is resolved into gelatin by boiling. The com-
position of the latter, according to Bibra, is as follows, viz., phosphate of lime
66'7 vex cent., carbonate of lime 3'3, phosphate of magnesia and other salts, in-

cluding a trace of fluoride of calcium, 1"8. Berzelius found 6"3 carbonate of lime.

The dentine is penetrated throughout by fine tubes, which being

nearly parallel, give it a striated aspect (fig. 466). "When a thin section

is viewed under the microscope by transmitted light, the solid substance,

or matrix, is transparent and apparently homogeneous, while the tubes,

being (in a dried specimen) filled with air, are dark : but when seen with

reflected light on a dark ground, the latter appear white ; in these

respects they resemble lacunse and canaliculi of bone.

The dentmial tnl)ules open at their inner ends into the pulp -cavity,



STETJCTIJEE OP THE DENTINE. 551

whicli presents very numerous minute orifices oyer tlie whole surface.

Thence they pass in a radiated manner through every part of the ivory

towards its periphery. In the upper part of the crown they have a

vertical direction ; but towards the sides, and in the neck and root, they

become gradually oblique, then horizontal, and are finally even inclined

do^^Tiwards towards the point of the fang. The tubules describe in their

course two or three gentle curves {pimary curvatures, fig. 466), and
each is besides twisted throughout its whole length into numerous fine

spiral turns, which follow more closely one upon another ; these are the

secondary curvatures (fig. 473). In form a tubule may accordingly be

Fig. 473—Section of fang, PARALiiEL to

THE DENTINAL TUBULES (HUMAN CANINE).

Magnified 300 diameters. (Waldeyer.)

1, cement, with large bone-lacunse and
indications of lamellse ; 2, granular layer of

Purkinje (interglobular spaces) ; 3, dentinal

tubules.

likened to the thread of a corkscrew,

stretched so that the turns are drawn
far apart, and their breadth propor-

tionally diminished (Welcker).

The tubes are only slightly diver-

gent as they pass towards the sur-

face ; and, as they divide several

times dichotomously, and at first

without being much diminished in

size, they continue to occupy the

substance of the dentine at almost

equal distances, and their nearly

parallel primary curvatures produce,

by the manner in which they refiect

the light, an appearance of concen-
tric undulations in the dentine,

which may be well seen with a low
magnifying power {Sclireger's lines).

The average diameter of the tu-

bules at their inner and larger

Fig. 473.

IS jth of an inch, andend ._. ^^00.
the distance between adjacent tu-

bules is commonly about two or three times their Midth. From their
sides, numerous immeasurably fine branches are given off, which penetrate
the hard intertubular substance, Avhere they either anastomose or termi-
nate blindly. These lateral ramuscles are more abundant in the fang.
Near the periphery of the ivory the tubules, which by division and
subdivision have become very fine, terminate imperceptibly by free ends.

The tubules have each a proper wall {dentinal slieatli) independent of the
intertubular matrix, but intimately adhering to it. By steeping sections of
decalcified dentine in strong hydrochloric acid, the matrix is destroyed, and these
membranous tubes, which consist of a more resisting material (probably elastic
substance), remain behind.
In the temporary, and sometimes even in the permanent teeth, the tubules are

constricted at short intervals, so as to present a moniliform character. The ter-
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minal brandies of tubules are occasionally seen to pass on into tlie cement wbicli

covers the fang, and to communicate with canaliculi proceeding from the

characteristic lacunse found in that osseous layer. Tubules have likewise been

observed by Tomes passing iato the enamel in the teeth of marsupial animals,

and in a less marked degree, in human teeth.

Fig. 474, Fig. 474. —Sections op dentinal tubules (after Fraenkel).

a, cut across ; h, cut obliquely. (About 300 diameters.)

The intertiibular substance is translucent. The
animal matter which remains, after the earth has

been removed by an acid, may be torn into laminae

(Sharpey), parallel with the internal surface of the

pulp-cavity, and therefore across the direction of the

tubules. According to Ebner the matrix contains fine

fibrils like those of the matrix of bone.

The laminated structure is an indication of the deposition of dentinal substance
in successive strata in the process of formation of the tooth—the laminaa corre-

sponding with the shape of the pulp-surface at successive stages of the process,

Not tmfi'equently lines, varying in number and breadth, are seen in sections of

the dry tooth, conforming in direction with the lamination just spoken of (incre-

Fig. 475. Fig. 475.

—

Vertical section of the upper
PART OF AN INCISOR TOOTH (from Kollikcr)

MAGNIFIED 7 DIAMETERS.

a, the pulp-cavity ; h, dentine ; c, arched
incremental lines ; d, cement ; e, enamel
with bands indicating the direction of the
ranges of fibres; /, coloured lines of the
enamel.

Fig. 476,

Fig. 476.—A SMALL PORTION OF THE DEN-
TINE WITH INTERGLOBULAR SPACES (frOm
KoUiker). 350 diameters.

c, portion of incremental line formed by
the interglobular sjpaces, which are here filled

up by the transparent material used in mount-
ing the specimen.

mental lines. Salter, fig. 476, c). They are caused by the drying of imperfectly cal-

cified dentine, which shows little cavities bounded by, and therefore receiving

their figure from, minute nodules or globules of dentine, and hence named inter-

glolular (qmces (fig. 476, c). The interglobular spaces, and the globules sur-
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rotmcling' them, vary in size within wide limits. A layer, in •which, they are very

fine

—

firanular layer (fig. 473, 2)—is not tmcommonly found towards the outer

surface of the dentine.

The enamel is that hard white covering which encrusts and protects

the exposed portion or crown of a tooth. It is the hardest of all the

dental tissues, but is gradually worn down by protracted use. It is

thickest on the gi'inding surface and cutting edge of the teeth, and be-

comes gradually thinner towards the neck, where it ceases.

According to Bibra, it contains of earthy constituents 96'.5 per cent., viz.,

phosphate of lime with traces of fluoride of calcium 89'8, carbonate of lime 4'4,

phosphate of magnesia and other salts 1'3, and of animal matter only 3'5 per

cent. Berzelius, however, gives the proportion of carbonate of lime as 8, and
of animal matter as only 2 per cent..

Fig. 477.

—

Thin section of the enamel and a part
OF THE DENTINE (from Kolliker). 350 diameters.

a, cuticular iiellicle of the enamel ; h, enamel-fibres or

columns with fissures between them and cross strife ; c,

clefts in the enamel communicating with the extremities

of some of the tubuh [d).

The enamel is made up entirely of very hard
and dense microscopic columns or prisms, ar-

ranged closely together, side by side, and set by
one extremity upon the subjacent surface of the

dentine (fig. 477). The columns are disposed in

ranges which, on the grinding surface, are set

vertically, but on the sides of the crown get

more horizontal. Near the dentine the prisms
cross one another in the alternate ranges, but
become parallel as they approach the sm'face of

the tooth ; from this intercrossing the effect

of radial alternate light and dark stripes is ob-

tained (as in figs. 466 and 475). A series of con-
centric lines is likewise to be seen crossing the
enamel fibres : these are termed coloured lines

from their brown appearance, but whether
caused by pigmentary deposit or otherwise is

unascertained. Minute fissm-esnot unfi-equently

exist in the deep part of the enamel, which run
between clusters of the prisms down to the sur-

face of the dentine (fig. 477, c) ; and other much larger and more
evident fissures are often observed leading down from the depressions
or crevices between the cusps of the molar and premolar teeth. The
unworn surface of the enamel is finely striated.

The emmiel-columns (fig. 478) have the form of solid six-sided prisms.
Their diameter is ordinarily about -goVo^^ of an inch. They are
marked by alternate dark and hght transverse shadings, which are
believed to be due to the existence of shallow constrictions along the
fibres. The inner ends of the prisms are implanted in minute hexagonal
depressions found on the surface of the dentine ; whilst the outer ends
are free, and present, when examined with a high magnifying power, a
tesselated appearance (fig. 478, b). The prisms are united by a small
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amount of a substance whieh appears similar to the intercellular substance
of an epithelium, but is probably calcified. In the outer part of the
enamel there are some shorter prisms interpolated between the others.

When submitted to the action of dilute acids, the enamel is almost entirely
dissolved, and leaves scarcely any discernible traces of animal matter. The
centre of the prisms is first dissolved, showing this part to be less firmly
calcified than the periphery. By the action of an acid, the enamel of newly
formed or still growing teeth may be broken up, and its structural elements
more easily distinguished.

Fiff. 478.

Fig. 478.

—

Enamel-peisms (from KoUikerJ. 350 diameters.

A, fragments and single columns of the enamel, isolated by the action of hydrochloric acid.

B, surface of a small fragment of enamel, showing the hexagonal ends of the prisms.

It is further found, on treatment with acid, that a very thin membrane {enamel
cuticle) entirely covers the enamel of unworn teeth upon its outer surface (fig.

477, a). This membrane forms a protective covering to the enamel. It is of an
epithelial and horny nature, and withstands prolonged boiling as well as the
action of acids and other re-agents. According to Tomes, this membrane is

rather of the nature of cement, but without lacunse. On this supposition, how-
ever, it is difficult to understand the meaning of the epithelial markings which
are produced in it after the action of nitrate of silver.

The crusta petrosa or cement is the third substance which
enters into the formation of the teeth. This is a layer of true bone,

slightly modified in structure, and investing that part of the dentine

which is not protected by the enamel. It covers the whole fang,

towards the lower end of which it becomes gradually thicker, and is

specially developed at the apex, and along the grooves of the compound
fangs. As life advances, the cement generally grows thicker, especially

near the point -of the fang, where it sometimes blocks up the orifice

leading to the pulp-cavity.

The crusta petrosa is lamellar in structure, and contains lacuna and
canaliculi resembling those of bone but larger and more irregular (fig.

473, 1). Where the cement is very thick it may contain Haversian

canals. On the milk teeth the cement is thinner, and contains fewer

cells. Perforating and decussating fibres, similar to those of ordinary

bone, occur in the cement.
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FOBMATION OF THE TEETH,

A tooth is formed on the same fundamental type of development as a hair.

In the latter case a process grows down from the Malpighian layer of the epi-

dermis into the subjacent cutaneous corium, in which a depression is simul-

taneously produced for its reception. A papilla, soon becoming vascular, rises

up from the bottom of the depression into the cellular mass, and the primitive

tissue forming the wall of the recess is converted into the coats of a follicle.

In the formation of a tooth there is in like manner a downgrowth from the
Malpighian layer of the oral epithelium (which corresponds with the epidermis

and is derived from the same embryonic layer). The cellular process is received

into a recess of the subjacent mucous membrane. In this also a vascular papilla

grows up from the bottom, and the simple wall of the cavity is differentiated

into a vascular sac or follicle.

The fii'st recognized steps in the development of the teeth take place as early

as the seventh week of intra-uterine life. At this time the oral epithelium

becomes thickened along the border of the jaws, and its Malpighian layer grows
down into a correspondiag groove, which is formed to receive it in the soft

embryonic tissue of which the jaw then consists. The groove, although filled

and covered in by the epithelium, is still faintly indicated by a shallow superficial

furrow. This downgrowth of epithelium, which is named the " enamel-germ,"
forms the foundation of the special structures or organs which generate the enamel
in the several teeth, and for the sake of distinction may be termed the common,
enamel-germ (fig. 479, 1). The groove, as well as the changes subsequently
occurring in it, was observed by F, Arnold and by Goodsir> who named it the

Fig. 479. Fiff. 480.

W^^ffi

i}W"''

Fig. 479.

—

Section across the upper jaw of a fcetal sheep, 3 centimeters long.

(from Waldeyer). ^
1, common enamel-germ dipping down into the mucous membrane where it is halt

surrounded by a semihinar-shaped more dense-looking tissue, the germ of the dentine and
dental sac ; 2, palatine process of the maxilla.

Fig. 480.

—

Section similar to that shown in the previous figure, but passing-

THROUGH ONE OF THE SPECIAL ENAMEL-GERMS HERE BECOMING FLASK-SHAPED (from

Kolliker).

c, c', epithelium of mouth
; /, neck

; f body of special enamel-germ,

" primitive dental groove," but neither of these observers appears to have noticed

the contained epithelium (or at least to have recognized its importance), pro-

bably in consequence of its soft and friable substance having been accidentally

wiped away. The common enamel-germ, simultaneously with the groove, next
increases in depth, and, at the same time, its deeper portion inclines outwards,

forming an angle with its more superficial part. It also swells out below, so

that a transverse vertical section of it is club or flask-shaped. An increased

development then takes place at particular points, corresponding in situation

with the ten milk-teeth ; and the common enamel-germ thus becomes parted in
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its deeper portion, or •e:d;ended by further growth, into as many distinct aggrega-

tions of cells, or special enamel-germs,—one for each tooth—of a club or flask-

shape, connected by a naiTowed neck with what remains of the common epithelial

ingrowth (fig. 480, /'). These tooth-germs, as they may now be called, are

lodged each in its own recess, which at this time is merely a pit in the soft

embryonic tissue, without the membranous coats which afterwards are formed.

From the bottom a papilla (fig. 481, p) meanwhile rises, soon becoming vas-

cular, and assuming the shape of the future tooth-crown. It is received into a

corresponding dimple of the enamel-germ, which now comes to resemble in fonn
an inverted cup, and fits upon the papilla (fig. 481, A,/').

Fig. 481.

Fig. 481.

—

Sections at later stages than fig. 480 the papilla having become formed
AND INDENTED THE ENAJIEL-GERM, WHICH HAS AT THE SAME TIME GROWN PARTLT
ROUND IT. (from Kolliker).

c, epithelium of gum, sketched in outline, /, neck of enamel-germ,/', enamel-organ ; e, its

deeper columnar cells ; c', projections into the corium
; p, papilla ; s, dental sac forming

In B, the enamel-germ,/p of the corresponding permanent tooth has become formed.

The included enamel-germ is next cut ofE from connection with the superjacent

epithelium, by obliteration of the neck of communication.
According to Goodsir the order in whichthe papUlEe become distinct is very regular.

That of the anterior milk molar is the first (7th week) ; that of the canine next (8th

week) ; the incisor papillte next (9th week), the central before the lateral ; and that

of the posterior milk molar last (10th week). The several papUlfe of the upper
jaw appear a little earlier than the corresponding ones of the lower. About the

sixteenth week there grows downwards and backwards from the narrow neck of

each follicle, an epithelial bud, soon becoming elongated and swelling out at the

bottom into a fla'fek-shape. These are the germs of the ten anterior permanent
teeth as will be afterwards shown.

"While the above described changes are going on, the soft embryonic tissue

bounding the depression which contains the enamel-germ, becomes converted
into a vascular membranous sac {dental sac). This originates from a part of the

same somewhat dense submucous tissue that gives rise to the dental papilla (see fig.

479), and the whole is supported by the osseous maxilla as soon as this is developed.

The jaw is at first in the form of a bony gutter, in which the teeth-rudiments

are lodged ; but this is soon divided by osseous partitions into chambers for the
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several tooth-sacs, at first with wide openings, which afterwards are narrowed,

but so as to allow the contained sacs to cohere with the gum along the border of

the jaw. The alveoli are formed subsequently around the fangs of the teeth as

these become developed, and the jaw is deepened by the growth of its alveolar

border.

The dental sacs are well seen in the jaw of an infant a few months old,

before the eruption of the teeth. They are represented at this stage in fig. 482.

They consist of an outer fibro-vascular coat connected with the periosteum, and
an inner highly vascular layer with a little jelly-like tissue interposed between
the two. The inner coat is lined with the epithelium of the enamel organ to be
hereafter described. Their blood-vessels are derived partly from the dental

arteries which course along the base of the sacs, and partly from those of the
tjums. Their extreme vascularity doubtless has relation to the nutrition of the
enamel organ.

Fig. 482.
Fig. 482.

—

The dental sacs

BXPOSED IN THE JAW OF A
CHILD AT BIRTH.

a, tte left lialf seen from
the inner side ; h, the right

half seen from the outer

side ; part of the bone has
been removed so as to ex-

pose the dental sacs as they

lie below the gum ; the lower

iigui'e shows the sacs of the

mUk-teeth and the first per-

manent molar, exposed by
removing the bone from the

outside ; the upper figure

shows the same from the in-

side, together with the sacs

of the permanent iucisor and
canine teeth adheiinEr to the

The papilla3, now become the dental pulps, acquire a perfect resemblance to the
crowns of the future teeth, and then the formation of the hard substance com-
mences in them, as will be immediately described. This process begins very early,

and by the end of the fourth month of foetal life thin shells or caps of dentine
(fig. 483) are found on all the pulps of the milk-teeth, and a little later on that
of the first permanent molar, while at the same time the coating of enamel begins
to be deposited on each.

The cap of dentine increases in extent by a growth around its edges, and in

Fig. 483.

Fig. 483.

—

Different stages in the formation op an upper molar tooth with two
FANGS (from Blake).

1, the distinct caps of dentine for fi.ve cusps in the earliest stage of formation ; in 2,

and the remaining figures, the crown is downwards ; in 2, and 3, the formation of the
crown having proceeded as far as the neck, a bridge of dentine stretches across the base
of the tooth-pulp ; and in 4, the division of the fangs is thus completed ; in 5, 6, and
7, the extension takes place in the fangs.
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thickness by additions in its interior, Avhile the substance of the pulp decreases ia

proportion. This growth of the tooth continues until the crown is completed of

its proper width, and then the pulp undergoes a constriction at its base to form
the cervix of the tooth, and afterwards elongates and becomes narrower, so as to

serve as the basis of the fang. Sooner or later, after the completion of the crown,
this part of the tooth appears through the gum, whilst the growth of dentine to

complete the fang is continued at the surface of the elongating pulp, which
gradually becomes encroached upon by successive formations of hard substance,

untn only a small cavity is left in the centre of the tooth, containing nothing
but the reduced pulp, supplied by slender threads of vessels and nerves, which
enter by a small aperture left at the point of the fang after the dentine is com-
pleted. In the case of teeth having complex crowns and more than a single fang,

the process is somewhat modified. On the surface of the dental pulp of such a
tooth, as many separate caps or shells of dental substance are formed as there are

eminences or points ; these soon coalesce, and the formation of the tooth pro-

ceeds as before as far as the cervix. The pulp then becomes divided into two or

more portions, corresponding with the future fangs, and the ossification advances
in each as it does in a single fang ; while, at the same time, a horizontal pro-

jection or bridge of dentine is deposited across the base of the pulp, between the

commencing fangs, so that if the tooth be removed at this stage and examined
on its under surface, its shell presents as many apertures as there are separate

fangs (fig. 483, 3 and 4). In all teeth, the pulp originally adheres by its entire

base to the bottom of the sac ; but, when more than one fang is to be developed,

the pulp is, as it were, separated from the sac in certain parts, so that it comes to

adhere at two or three insulated spots only, corresponding with the fangs, whilst

the dentine continues to be formed along the surrounding free surface of the

pulp.

Formation of the hard tissues of the Teeth.—The account already given of

the structure of the permanent pulp of a tooth will apply also to that of the
papilla or formative pulp of the growing tooth, both before and after the dentine

Fu 484 Fig. 484.

—

Part of section of develop-
ing TOOTH OF A YOUNG RAT, SHOWING
THE MODE OF DEPOSITION OF THE DEN-
TINE. Highly magnified. (E.A.S.)

a, outer layer of fully formed dentine
;

h, uncalcified matrix, with one or two
nodules of calcareous matter near the cal-

cified part ; o, odontoblasts sending pro-

cesses into the dentine ; d, pulp. The
section is stained with carmine, which
colours the uncalcified matrix, but not
the calcified part.

has begun to be formed from it. The capillary vessels, which form a series of

loops a short distance beneath the surface, are much more abundant opposite the

point or points where calcification is about to commence.
The dentine is produced more immediately by the elongated cells (odontoblasts)

already described as forming the superficial stratum of the pulp (fig. 484, <?).

These cells send out from their free extremities filamentous processes, as described

by Lent, and the .matrix or intertubular substance of the dentine, which is pro-

bably shed out by the odontoblasts, becomes formed simultaneously between and
around these processes and is thus as it were moulded upon them, so as to form
the tubules in which the cell-processes are now enclosed. The same cell may
continue to spin out a filament until the tubule is completed in its whole length,

and in many cases a cell sends out two or more processes, coalescing into one
as the cell recedes, the branched tubules being thus produced.

The coUogenous basis of the dentinal matrix is at first uncalcified (fig. 484, V),

but the material of calcification soon begins to be deposited in nodules or globules,
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•wMch. ran together into a uniform hard substance (a). In parts where this co-
alescence partially fails the uncalci&ed matter between the globules shrinks up
when the tooth has become dry, so as to leave the interglobular spaces previously
described (p. 552). The globular mode of deposition is indicated also by the inner
surface of the growing dentine, which is nodulated (Czermak) ; and, indeed,
separate nodules may be seen in the soft tissue of the growing matrix (see
fig. iSi, I).

Fig. 485.Fig. 485.—^A SECTION through the enajiel organ
jiND DENTAL SAC FROil THE TOOTH OP A CHILD AT
BIRTH (from Kolliker). 250 diameters.

a, outer dense layer of the dental sac ; 6, inner

looser texture of the same with capillary blood-

vessels and a somewhat denser layer towards the

enamel organ ; c, spongy substance ; d, inner colum-
nar cells ; and c, outer cubical cells of the enamel
organ.

[According to Waldeyer the protoplasm of

the cells becomes dii'ectly transformed into the

dentinal matrix, except the central part, which
remains unaltered, occupying the tubule, and
is prolonged by another cell lying deeper in the

pulp, with which the first is in connection,

and so on in succession. This view has been

supported by Beale, BoU, Tomes, Klein, and
other authorities, but in my opinion it is scarcely

tenable. For if it were true we should expect

to find odontoblasts which had only partly

undergone the transformation in question, and
such cells have never been described. We
should further expect to find in the matrix
vestiges of its coalesced formative cells, but
these again have never been discovered in it.

It is moreover very difficult to explain the

branching of the tubules if we accept Wal-
deyer's view. Indeed this hypothesis seems to

be based (like the similar views with regard

to the formation of connective tissue and
bone, see pp. 71-2 and 104-5) largely upon theo-

retical considerations, and to be opposed rather

than supported by the known facts of the case

(E.A.S.)]

The Enamel.—The surface cells of the
enamel-germ line the dental sac in the form of

a tesselated or cubical epithelium (fig. 485, e).

On the other hand the cells which lie next the
surface of the pulp become elongated and
attenuated into a prismatic shape, precisely like

a columnar epithelium {d fig. 485). The central

cells undergo a remarkable change. Originally

spheroidal, they for a time merely increase in

number, but soon, assuming a stellate form,
they send out branches which join with one
another (fig. 485, c), whilst a clear fiuid or jelly-

like matter collects in their interstices.

Into the cavity containing the enamel-germ numerous small papillary

processes of the vascular sac and adjacent mucous membrane project, and
between these, on the other hand, epithelial processes extend from the
enamel-germ into the membrane (fig. 486, 3). The enamel-germ is now designated
the " enamel organ^" organon adamantiim of Purkinje, who named the columnar
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epithelium on the sta-face of the pulp the viemhrana adamawtiim, or " enamel-

membrane."
The enamel-prisms appear to be formed by the columnar cells of the enamel-

organ, either by direct calcification of their substance or by deposition
;
probably

the former, since cells partly converted into hard substance have been observed by

Fig. 486.
Fig. 486.

—

Section throitgii

THE LOWER JAW OF A
HailAN FOSTTJS, 11 CENTI-

METERS LONG (from Wal-
deyer). ^f

1, dental groove, occupied

by epithelium continuous with
that lining the mouth ; 2,

remainder of the neck of the

enamel-germ ; 3, enamel-

organ
;
papilliform projections

are seen extending into it from
the upper part of the dental

sac; 4, enamel germ of the cor-

responding permanent tooth

:

the space in which it is en-

closed forms Goodsir's cavity

of reserve ; 5, dentine-papilla

;

6, lower jaw-bone ; 7,

Meckel's cartUage.

C. Tomes, The cells meanwhile may be supposed to grow continually at the other

end. In sections a space is observed between the cells and the newly-formed
enamel, but this is probably produced after death by a shrinking of the soft parts.

The process of formation commences next to the forming dentine, almost as soon

indeed as the latter begins to be produced. The enamel substance is at first

soft and friable. The enamel-organ extends no farther than the crown of the

tooth, to which, therefore, the deposit of enamel is limited. As the forma-
tion of enamel becomes completed the rest of the enamel-organ dwindles

away : the superficial tesselated layer is believed to become the '"' cuticula

dentis."

The cement begins to be formed, simultaneously with or soon after the dentine

of the fang, by the subperiosteal tissue, as in the formation of the superficial

layers of a bone.

Eruption of the temporary Teeth.—At the time of birth the crowns of the
anterior milk-teeth, still enclosed in their sacs, lie in bony crypts in the jaw, with
somewhat narrowed mouths opening on its edge. Their appearance through the

gums follow a regular order, but the period at "n hich each paii- of teeth is cut varies

within certain limits. The eruption commences about the age of seven months,
and is completed about the end of the second year. It begins with the central

incisors of the lower jaw (about the sisth to the ninth month), Avhich are

followed, after a resting period of two or three months, by the incisors of the

upper jaw. Then after a rest of a few months come the lower lateral incisors

and the fii'st molars ; then after four or five m.onths the canines, and finally about
the second year the second molars.

The eruption of the tooth is preceded by absorption of part of the wall of the bony
cavity in which it lies, especially of the front part, so as to leave a wide apertm-e

for the emergence of the crown. After this a redeposition occurs around the
neck of the tooth, and this deposition is continued around the fangs as these are

becoming formed ; in this way the bony socket is produced.
Before the teeth protrade through the gum, this undergoes some peculiar

changes : its edge at first becomes dense and sharp, but, as the tooth approaches
it, the sharp edge disappears, the gum becomes rounded or tumid, and is of a
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purjjlish. line ; tlie summit of the tooth is seen like a white spot or line through
the vascular gum, and soon afterwards emerges. Before the eruption, the mticous

membrane is studded with a number of small white bodies, which were described

by Series as glands {dental glands). They are little nests of epithelium-cells

(Sharpey) and appear to be portions of the epithelium of the enamel-germ which
had escaped obliteration. Similar bodies are found in other situations where
epithelium is included in a seam, and is undergoing obliteration, as along the line

of closm-e of the palate (Epstein).

Development of the permanent Teeth.—^Ten permanent teeth in each jaw
succeed the milk-teeth, and six are superadded further back in the jaw. It will

be convenient to treat fii'st of the ten anterior teeth or teeth of succession.

The sacs and pulps of these teeth have their foundations laid before birth

behind those of the milk set. It will be remembered that behind each milk-

foUicle there is formed about the sixteenth week a small epithelial growth (fig.

481, 'B,//) ; fig. 486, 4), derivedfrom the neck of the enamel-germ, and this forms
the enamel-germ of the corresponding permanent tooth. They are ten in number
in each jaw, and are formed successively from before backwards. These germs
soon elongate and recede into the substance of the gum behind the germs of the

Fig. 487.

Fig. 487.

—

Sketches showixg the eelations of the temporart and permanent
DENTAL SACS AND TEETH (after Blake, With some additions).

The lower parts of the first three figures, which are somewhat enlarged, represent

sections of the lower jaw through the alveolus of a temporary incisor tooth : a, indicates

the sac of the permanent tooth ; c, its pedicle ; b, the sac of the milk tooth or the milk
tooth itself ; a', V, indicate the bony recesses in which the permanent and temporary
teeth are lodged, and c', the canal by which that of the former leads to the surface of the

bone behind the alveolus of the temporary tooth. The fourth and fifth figures, which are

nearly of the natural size, show the same relations in a more advanced stage, in IV.

,

previous to the change of teeth, in V., when the milk tooth has fallen out and the per-

^manent tooth begins to rise in the jaw ; c, the orifice of the bony canal leading to the

place of the j)ermanent tooth.

milk teeth. In the meantime, a papilla is formed at the bottom of each enamel-
germ, (that for the central incisor appearing first, at about the sixth month,) and
the germs become each inclosed within a dental sac, the sac of the permanent
tooth adhering to the back of that for the temporary tooth. The bony socket not
only forms a cell for the reception of the milk-sac, but also a small posterior recess

or niche for the permanent tooth-sac, with which the recess keeps pace in its

growth. In the lower jaw, to which our description may now, for convenience,
be confined, the permanent sac is at length found at some distance below and
behind the milk-tooth ; the sac for the permanent tooth acquiring at first a
pear-shape, and being then connected with the gum by a solid pedicle of fibrous

tissue (fig. 487, I., II., c). The recess in the jaw ia!') has a similar form, drawn
VOL. II.

•
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out into a long canal for the pedicle, -wMcli opens on the edge of the jaw, by
an aperture behind the corresponding milk-tooth. The permanent tooth is thus
separated from the socket of the milk-tooth by a bony partition, which, as well

as the root of the milk-tooth just above it, becomes absorbed as the crown of
the permanent tooth rises through the gum. When this has proceeded far enough,
the milk-tooth becomes loosened, falls out or is removed, and the peimanent
tooth takes its place. The absoi-ption of the dental substance commences at or

near the ends of the fangs, and proceeds upwards until nothing but the crown
remains. The cement is first attacked, and then the dentine : but the process

is similar in the two tissues. The change is not produced merely by pressui-e,

but, as in the case of the absorption of bone, through the agency of multi-

nucleated absorbing cells or osteoclasts, developed at the time, and applied to the
surface of the fang. The sockets begin to be formed around the neck of the tooth

as soon as the crown projects, and are formed simultaneously with the develop-

ing fangs.

Pig. 488.

—

Part of the lower jaw op a child of three or four tears old,

SHOWING THE RELATIONS OF THE TEMPORARY AND PERMANENT TEETH.

The specimen contains all the milk-teeth of the right side, together witb the incisors of

the left ; the inner i^late of the jaw has been removed, so as to expose the sacs of all the

permanent teeth of the right side, except the eighth or wisdom tooth, which is not yet

formed. The large sac near the ramiis of the jaw is that of the first permanent molary

and above and behind it is the commencing rudiment of the second molar.

The six posterior (or superadded) permanent teeth, that is, the three perma-

nent molars on each side, do not come in the place of other teeth. * They arise

from successive extensions of the enamel-germ carried backwards in the jaw
behind the milk-teeth.

The part of the common enamel-germ posterior to the last temporary molar

long continues unobliterated, and from it there becomes developed at about the

fifteenth week of embryonic life a special enamel-germ which forms the rudi-

ment of the first permanent molar tooth. After a long interval, viz., about the

seventh month after birth, the germ for the second permanent molar tooth

appears projecting backwards from the neck of that for the fii'st molar.

After another long interval, during which the sac of the first permanent molar

and its contained tooth have acquired great size, and that of the second molar

has also advanced considerably in development, the same changes once more
occur and give rise to the sac and papilla of the wisdom-tooth (third year). The
subsequent development of the permanent molar teeth takes place within their

sacs just like that of the other teeth.

Calcification begins first in the anterior permanent molar teeth. Its order and

periods may be thus stated for the upper jaw, the lower beins: a little earlier :

First molar, five or six months after birth ; central incisor, a little later ;
lateral

incisor and canine, eight or nine months ; two bicuspids, two years or more ;

second molar, five or six years ; thu'd molar, or wisdom-tooth, about twelve years.



ERUPTION OF THE PEEMANENT TEETH. 563

Eruption of tlie permanent Teeth.—The time at whicli this occurs in regard

to each pair of teeth in the lower jaw is exhibited in the subjoined table. The
corresponding teeth of the upper jaw appear somewhat later.

Molar, first 6 years.

Incisors, central . . . . . . . . 7 „

„ lateral....... . 8 ,,

Bicuspids, anterior 9 „

,, posterior 10 „
Caniaes . , . . . . . 11 to 12 „
Molars, second . 12 to 13 „

„ third (or wisdom) 17 to 25 „

It is just before the shedding of the temporaiy incisors

—

i.e., about the sixth

year, that there is the greatest number of teeth in the jaws. At that period

there are all the milk-teeth, and the crowns of aU the permanent set except the
wisdom-teeth, making forty-eight (see fig. 489).

During the growth of the teeth the jaw increases in depth and length, and
undergoes changes in form. In the child it is shallow, but it becomes much
deeper in the adult. In the young subject the alveolar arch describes almost the
segment of a circle ; but in the adult the cuiwe is semi-elliptical. The increase

which takes place in the length of the jaw arises from a growth behind the posi-

Fig. 489.

Fig. 489.

—

The tekth op a child of six teaks, with the calcified pakts of the
PERMANENT TEETH EXPOSED (after Heule and modified from nature, A. T. ).

The whole of the teetb. of the right side are shown, together with the three front teeth

of the left side : in the upper and lower jaws the teeth are indicated as follows, viz. :

—

1, milk-teeth— i, inner or first incisor ; i\ outer or second incisor ; c, canine ; in, first

molar; in', second molar. 2,' 2}ermanent4eeth—I, inner or first incisor; I', outer or

second incisor ; C, canine ; B, first bicuspid ; B', second bicuspid ; M ', the first molar,

which has passed through the gums; M", the second molar, which has not yet risen above
the gums : the third molar is not yet formed.

2
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t:on of the milk-teeth, so as to provide room for the three additional teeth on
each side belonging to the permanent set. At certain periods in the growth of

the jaws there is not sufficient room in the alveolar arch for the growing sacs of

the permanent molars ; and hence the latter are found enclosed in the base of

the coronoid process of the lower jaw, and in the maxillary tuberosity of the

upper jaw, but they afterwards successively assume their ultimate position as

the bone increases in length. The space taken up by the ten anterior permanent
teeth very nearly corresponds mththat which had been occupied by the ten milk-

teeth ; the difference in width between the incisors of the two sets being com-
pensated for by the smallness of the bicuspids in comparison with the milk-

molars to which they succeed. Lastly, the angle formed by the ramus and body
of the lower jaw differs at different ages ; thus it is obtuse in the infant,

approaches nearer to a right angle in the adult, and again becomes somewhat
obtuse in old age (see Vol. I.).

SECONDABY DENTINE.
Tinder this head are included certain varieties of hard tissue liable to be formed

in the pulp-cavity of a tooth after the regular production of the dentiae is com-
pleted. The two chief ktads hitherto described, are the following :

—

1. Osteodentine (Owen).—This is a hard substance which sometimes becomes
deposited within the pulp-cavity, somewhat resembling bone in structure. It is

traversed by canals, which contain blood-vessels and pulp-tissue, and may be sur-

rounded by concentric lamellge like the Haversian canals of bone. Prom these

canals, numerous tubules radiate, larger than the canaliculi of bone, resembling,

in this respect, and also in their mode of ramification, the tubes of the dentine.

It may or may not coalesce with the previously formed dentine.

Fig. 490.

—

Longitudinal section of incisor tooth show-

ing DENTINE OF REPAIR. SlIOHXLY 3IAGNIFIED. (Re-

duced from Salter.

)

d, d', denuded surfaces of dentine ; r, r', corresponding

deposits of secondary dentine. Two or tki-ee incremental

lines are observed in the dentine.

2. Dentine of Repair (Salter).—When the outer

surface of the dentine becomes denuded at any place,

so that the peripheral ends of the tubules are there

exposed, as may happen in the crown from injury or

wear of the enamel, or at the cervix from continued

friction and abrasion of the cement, a deposition of

dentinal matter occurs on the inner surface of the

dentine exactly corresponding in position and extent

with the area occupied by the central ends of the

exposed tubules. Many of the affected tubules become
subsequently filled up by a deposit of hard matter

within them, so that on section both the secondary

dentine and the corresponding part of the primary

dentine appear clearer and more transparent than the

remainder of the dentinal substance (see fig. 490).

When the stu-face-injury has been considerable, the

dentine of repair is largely in excess, and may in such

cases completely fill up the pulp-cavity.*

* In some of the lower animals other kinds of dentine are found ; for a description of

these, and many other details regarding the structure and development of the teeth which

could not conveniently be introduced here, the student is referred to the excellent

"Manual of Dental Anatomy" by C. S. Tomes, F.E.S.
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Eecent Literature of tlie Teeth.— Waldeyer, in Strieker's Handbook, 1870 ; Roll-

mann, Ue. Linien in Sclimeltz n. Cement, Miinclien Sitznngsb., 1871; Zahnbein, Schmeltz

u. Cement, Zeit. f. wiss. Zool. XXIII. ; C S. Tomes, on the cuticula dentis, Qu. J. micr.

Sci., 1872 ; On tbe dev. of the teeth, same joTirnal, 1876 ; On vasciilar dentine, Proc.

Roy. See, 1S77, and Phil. Trans., 1878 ; Magitot et Legros, Follicule dent, chez les

mammif., J. de I'anat., 1873; Salter, Dental Pathology, 1874; Magitot, Determ. de
I'age, &c., Compt. rend. LXXVIIL, 1874 ; Struct, et dev. du tiss. dent., Compt. rend.,

XC, 1880 ; Lambert, in Bull, de I'acad. roy. de Belg., XLIII., 1877 (teeth of diff. races

of mankind) ; Epstein, Ue. Epithel-perlen, &c., in Zeitschr. f. Heilk., I., 1880. The
older literature will be found at the end of Waldeyer's article in " Strieker's Handbook,"
and other references in Tomes' "Dental Anatomy."

THE TONGUE.
The tongue is a muscular organ covered with mucous membrane.

Posterioiiy it is connected with the hyoid bone, and the back part of its

upper sm'face forms the floor of the arch of the fauces ; inferiorly it

receives from base to apex the fibres of the genio-giossus muscle, and
through the medium of that muscle is attached to the lower jaw.

Mucous membrane.—On the under surface of the tong-ue the

mucous membrane is smooth and thin. It forms a fold in the middle

line called thefrcenwn Iwguce, in front of the anterior border of the genio-

glossi muscles. On each side below, as the mucous membrane passes

from the tongue to the inner surface of the gums, it covers the sublingual

gland. In front of the frasnum, the ranine vein may be distinctly seen

on each side tln'ough the mucous membrane, and close to it lies the ranine

artery. Further out is an elevated line with a fimbriated margin directed

outwards, which extends to the tip. The ducts of the right and left

submaxillary glands end by papillary orifices close together, one on each

side of the frjenum ; and further back, between the sides of the tongue

and the lower jaw, are the orifices of the several ducts belonging to the

sublingual glands.

The ^q)}jer surface or dorsum of the tongue (fig. 491), is convex in its

general outline, and is marked along the middle for nearly its whole
length by a slight furrow called the ra^lie, which indicates its bilateral

symmetry. AlDout an inch from the base of the tongue, the raph^
often terminates in a depression, closed at the bottom, which is called

i\xQ foramen ccecum (jMorgagni), and in which several small glands open.

Three folds, named the giosso-epiglottic folds or fr^enula, of which the

middle one is the largest (frEenum epiglottidis), pass backwards fi'om

the base of the tongue to the epiglottis.

Papillae.—The upper surface of the tongue in front of the foramen
cfficum (the anterior two-thirds) is covered mth small eminences named
IKipillcC'. They are found also upon the tip and borders, where, however,

they gradually become smaller, and towards its under surface they

disappear. The papillce are of three kinds, circumvaTlate, fungiform and
conical, vaiyiug both in size and form, but all of them visible to the

naked eye ; they themselves, like the rest of the mucous membrane of

the tongue and mouth generally, are covered with closely set, microscopic

secondary papillae hidden under the epithelium, which correspond with

those of the skin, and are each occupied by a long loop of capillary blood-

vessels. Lymphatics also originate within the papilla; and pass as else-

where in the mouth into a superficial plexus in the mucous membrane,
from which again the lymph is conveyed away by valved vessels seated

in the submucous tissue.
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Papillae.—The large circumvallate papillae (fig. 491, 1, 2), from
seven to twelve in number, are found on the back part of the tongue,
arranged in two rows, which run obliquely backwards and inwards, and

Pig. 491.

Pi^. 491.

—

Papillary surface of the tongue, with the fauces and tonsils (from

Sappey).

1, 2, circumvallate papillae ; in front of 2, the foramen crecum ; 3, fungiform papillse
;

4, filiform and conical papillte ; 5, transverse and oblique ranges ; 6, mucous glands at

the base of the tongue and in the fauces ; 7, tonsils ; 8, part of the eijiglottis ; 9, median
glosso-epiglottic fold or frsenum epiglottidis.

meet towards the foramen ctecum, like the arms of the letter V. They
are situated in cup-like depressions of the mucous membrane, and have
the shape of a truncated cone, of which the smaller end is attached to

the bottom of the cavity, and the broad flattened base appears on the

§m-face (fig. 492). They are therefore surrounded by a circular trench

{fossa), around which again is aii annular elevation of the mucous mem-
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Lrane (vallum), and in some of them there is found a central depression,

into which the ducts of one or more glands open. The stratified

epithehum covering the papillas vaUatee is thick, and completely conceals

the minute secondary papilla.

Fig. 492.

—

^Vertical section of cir-

CUMTALLATE PAPILLA FR05I THE

CALF (Engelmann). 25 diame-

ters.

A, the papilla ; B, the surrouncliiig

wall. The figure shows the nerres of

the papilla spreading to-wards the sur-

face, and towards the taste-buds which

are imbedded in the epithelium at the

sides ; in the sulcus on the left the duct

«f a gland is seen to open.

Taste-buds.—Forming a zone around the sides of the papilla, and
in man and some animals upon the opposed wall of the vallum, are

found, imbedded in this thick epithelium, peculiar ovoidal or flask-shaped

Ijodies, composed of modified epithelium-cells and believed to be special

organs of taste. These tmfe-'buds, as they have been termed, are com-
parable in form and structure to the leaf-buds of a plant (fig. 493). By
their bases they are in contact with the corium, while their apices, which
appear as round openings or pores when viewed from the surface, emerge

Fig. 493.— Two taste-buds Fig. 493.

FROJI the papilla FOLIATA

OF the rabbit. 450 dia-

meters (Engelmann).

Ibetween the ordinary

epithelium - cells. The
latter are flattened

around the taste-buds,

enclosing them in a sort

of nest. The taste-buds

themselves may be des-

cribed as consisting of

a cortical and a central

part. The cells composing the cortical part are long and flattened with
tapering ends (fig. 494 c), and are in contact by their edges, extending

from base to apex of the organ (fig. 493); they are disposed in more than
one layer, and enclose the central part like the external scales of a leaf-bud.

The enclosed or central cells (fig. 494 a) are spindle-shaped, having an
enlargement near the middle where the nucleus is situated, and being

prolonged at each end by a process, one of which extends upwards
towards the apex of the taste-bud, and is surmounted by a fine styliform

extremity which projects at the orifice, whilst the other, which is more
slender and sometimes branched near its extremity, passes down into the

corium of the mucous membrane, and is described as being connected
with a plexus of fine nervous fibrils found in this situation. The
similarity of these central gustatory cells to the " olfactory cells " of Max
.Schultze will be at once apparent.
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The taste-buds were discovered by Loven and Scbwalbe, independently of eacb.

other. They have now been found on the sides (but rarely on the upper surface)

of the papillce vallataa of a great number of animals, and are seen also on some
of the fungiform papillse to be immediately described, as well as in parts of the

mucous membrane apart from papUlse both on the posterior part and sides of the

tongue, and also on the soft palate, on the epiglottis, and even within the upper

aperture of the larjois. According to Krause the distribution of the taste-buds

follows that of the glosso-pharyngeal nerve. Their structure is most readily

studied in the rabbit and hare, for in these animals there is found at each side

Fig. 494.

—

Yakious cells from TASTE-Ero OF KABBiT. 600 DIAMETERS (Engelmann).

a. Four cells from central part ; 6, two cortical ceUs, and one central cell, in connec-

tion ; c, three cells from cortical part.

of the base of the tongue an oval laminated structure, the so-called jpajy'iUa foliata,

the laminae composing which contain in the epithelium of their opposed surfaces

great numbers of those bodies. A small area, situated just in front of the anterior

pillar of the fauces, of variable appearance, but usually with five longitudinal

folds, which are studded with taste-bu.ds, exists in the human tongue, and is

regarded as representing a papilla foliata.

According to Engelmann, each taste-bud is composed of from 1.5 to .SO cells.

The taste organs of the amphibia have been longer recognised. They occur in

the form, not of buds but of patches interspersed here and there amongst the
ordinary ciliated and columnar epithelium which covers the upper surface and
sides of the tongue.

Flask-shaped bodies, resembling the taste-buds in structure, were long since

described by Leydig as occun-ing in fishes. They are found both in the skin and in.

the mucous membrane of the mouth, and are believed to be gustatory organs.

The fungiform papillae, more nnmerous than the last, are small

rounded eminences scattered over the middle and fore part of the dorsum
of the tongue (fig. 491, 3) ; but they are found in greater numbers and
closer together at the apex and near the borders. They are easily dis-

tinguished in the living tongue owing to their deep red colour. They
are narrov*^ at their point of attachment, but are gradually en-

larged towards their free extremities, which are blunt and rounded
(fig. 495).

The conical papillae are the most numerous of all, as well as the

smallest. They are minute, conical, tapering, or cylindrical eminences,

which are densely set over the greater part of the dorsum of the tongue
(fig. 491, 4), but towards the base gradually disappear. They are

arranged in lines diverging from the raphe, at first in an oblique direc-



PAPILLA OF TONGUE. 569

tion like the two ranges of papillge vallatge, but gradually becoming trans-

verse towards the tip of the tongue. At the sides they are longer and

Fig. 495.

Fig. 495.

—

Surface ai^d sectional view of a fttngifoem papilla (from KoUiker after

Todd and Bowman).

A, the surface of a fungiform papilla partially denuded of its epithelium (35 diameters);

p, secondary papilla3 ; e, eiDithelium.

B, a fungiform papilla with the blood-vessels injected, a, artery ; v, vein ; c, capillary

loops of simple papillas in the neighbourhood, covered by the epithelium ; d, capillary

loops of the secondary papillae ; e, epithelium.

more slender, and arranged in parallel rows, perpendicular to the border

of the tongue.
Fig. 496.

Fig. 496.—Two filiforji papilla:,

ONE WITH EPITHELIUJI, THE OTHER,

WITHOUT. 35 DIAMETERS. (From
Kolliker, after Todd and Bowman.

)

p, the substance of the pai3illf8

divided at their upper extremities

into secondary jxipillos; a, artery, and
•27, vein, connected by capillary loops

;

e, epithelial covering, laminated be-

tween the j)apillo3, but extended into

hair - like processes, /, over the

secondary papillee.

The secondary papilla which
are borne by some of the coni-

cal papilljB are peculiar both
in containing a number of

elastic fibres, giving them
greater firmness, and in the

character of their epithelial

covering, which forms a sepa-

rate horny process over each
secondary papilla, greater in

length than the papilla which
it covers (fig. 496, e,f). Over
some of the papillte these pro-

cesses form a pencil of fine

fibres, as shown in the figure ;

hence the name "filiform"
which has been apj)lied to these papillge
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The papillary surface of the tongue is supplied abundantly with nerves, some
of which terminate in end-bulbs, and a few in tactile corpuscles. In the fungi-
form papillae the nerves are large and numerous ; but they are still more abundant,
and of greater size, in the circumvallate papillas, where they are chiefly dis-

tributed in the neighbourhood of the taste-buds (fig. 492).

The papillae, besides being the parts chiefly concerned in the special sense of
taste, also possess, in a very acute degree, tactile sensibility ; and the conical and
filiform papillfe, armed with their denser epithelial coveiing, serve a mechanical
purpose, in the action of the tongue upon the food, as is well illustrated by the
more developed fonn which these papillse attain in many carnivorous animals.

Glands.—The mucous membrane of the tongue is provided with
numerous small glands {Ungual glands), collected principally about the
posterior part of its upper surface, near the papillae vallatte and foramen
c£ecum, into -niiich last the ducts of several open. These glands have
usually been supposed to secrete mucus, but it has been ascertained that
some of them, especially those which open in the trenches around the

Fiff. 497.

Fig. 497.

—

Section of a lym-
phoid CRYPT FROM THE ROOT
OF THE TOXGUE. 30 DIAMETERS.
(Kolliker.)

a, epithelial lining ; 5, papillae

of the mucous membrane ; c, outer

part of the crypt, formed of con-
nective tissue ; d, outlet, and e,

cavity of the crypt
; g, surround-

hvx follicles.

papillae vallatse, and at other parts where taste-buds occur, yield a more
watery secretion (Ebner). Other small glands are found also beneath
the mucous membrane of the borders of the tongue. There is, in

particular, a group on the under surface of the tongue on each side near

the apex. They are there aggregated into a small oblong mass, out of

which several ducts proceed and open in a line on the mucous membrane.
Some of the glands are racemose ; others acino-tubular.

The mucous membrane of the tongue, at least its posterior part, is

largely .composed of retiform or lymphoid tissue, which is collected at

numerous points into the denser nodular masses known as follicular

glands, or lymphoid follicles. The blood-vessels and lymphatics of this

part of the membrane are numerous and large, but the papillse on its

sm-face are comparatively small, and are completely concealed by the

thick superjacent epithelium. Here and there the mucous membrane
exhibits recesses or crypts (fig. 497), either simple or surrounded by
smaller ones which open into them. The walls of these recesses are

generally studded with lymphoid nodules ; and they receive many of the

ducts of the mucous glands.

Muscular Substance.—The substance of the tongue is chiefly com-
posed of muscular fibres running in various directions. Many belong to

muscles which enter at its base and under surface, and attach it to other

parts : these are called the extrinsic muscles of the tongue (hyo-giossus,

chondro-giossus, genio-glossus, palato-glossus, stylo-glossus), and are

elsewhere described. Others which constitute the intmisic or jjroper
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muscles, and are placed entirely within the substance of the organ, will

be here more particularly noticed. They are as follows :

—

The superficial lingual muscle consists mainly of longitudinal

fibres, placed near the upper surface of the tongue, immediately beneath

the mucous membrane, and is traceable from the apex of the organ
backwards to the hyoid bone (figs. 498, 499, 1 s). The individual fibres

do not run the whole of this distance, but are attached at intervals to

the submucous and glandular tissues. The entire layer becomes thinner

towards the base of the tongue, near which it is overlapped at the sides

by a thin plane of oblique or nearly transverse fibres derived from the

j)alato-glossus and hyo-glossus muscles.

The inferior lingual muscle consists of a rounded muscular band,
extending along the under surface of the tongue from base to apex, and
lying outside the genio-glossus, between that muscle and the hyo-glossus

(fig. 499, I i). Posteriorly, some of its fibres are lost in the substance of

the tongue, and others reach the hyoid bone. In front, having first

been joined, at the anterior border of the hyo-glossus muscle, by fibres

from the stylo-glossus, it is prolonged beneath the border of the tongue
as far as its point.

The transverse muscular fibres of the tongue (figs. 498, 499, t r)

form together "with the intermixed fat a considerable part of its sub-

stance. They are found in the interval between the upper and lower

longitudinal muscles, and they are interwoven extensively with the other

muscular fibres. Passing outwards from the median plane, where they

take origin from a fibrous septum, they reach the dorsum and borders of

the tongue. In proceeding outwards, they separate, and the superior

fibres incline upwards, forming a series of cm'ves with the concavity

Fig. 498.

Fig. 498.

—

Longitudinal vertical section of the tongue, lip, kc. (from Kolliker

and Arnold).

m, symphysis of the lower jaw ; d, incisor tooth ; h, hyoid bone
; g h, genio-hyoid

muscle
; g, genio-hyo-glossns spreading along the -whole of the tongue ; t r, transverse

muscle ; I s, superior longitudinal muscle
; g I, lingual glands

; /, lymphoid crypts ; e,

epiglottis ; I, section of the lip and labial glands : o, cut fibres of the orbicularis oris ; I m,
leTator menti.
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upwards. The fibres of the palato-glossus muscle arc stated by Zaglas
and Heulc to be continuous with fibres of the transverse set.

Vertical fibres (external perpendicular muscle of Zaglas), de-

cussating with the transverse fibres and the insertions of the genio-

glossus (fig. 499, 1i), form a set of curves in each half of the tongue
with their concavity outwards, and extending down and out from the

dorsum to the under surface of the border, so that those which are outer-

most are shortest.

Fig. 499. Fig. 499. — Transverse
7/ . VERTICAL SECTION OP THE
It 111, n, ^

:

-'. <^ TONGUE IN FRONT OF THE
. ' _

''

PAPILLA VALLAT.E, SEEN
FROM BEFORE (frOm Kol-
liker).

rj, tlie genio-liyo-glossi

muscles
;

g', the vertical

fibres of the right side traced

upwards to the surface ; I i,

inferior longitudinal muscle
with the divided ranine ar-

terj ; t r, transverse muscle,

entire on one side, biit par-
tially removed on the other,

where the other muscles i^ass

through it ; c, septum lin-
'^ -^ ' guoe ; /^, hyo-glossus ; hgl,

its fibres spreading upwards
almost vertically outside the

genio-hyo-glossiis ; It', vertical fibres reaching the surface ; I s, divided plates of the fibres

of the superior longitudinal muscle between the vertical fibres ; s t. g I, stylo-glossus ; c?,

glands near the border of the tongue.

Examined in transverse sections, the muscular fibres are seen to be arranged so

as to render the substance divisible into an outer part or cortex and an internal

or medullary part. The fibres of tlie cortex are principally longitudinal, derived

superiorly from thie lingualis superior, further outwards from the hyo-glossus, on
the side from tlie stylo-glossus, and beneath this from the lingualis inferior.

They ensheath the medullary part on all sides except inferiorly, where the genio-

glossi muscles enter it between the inferior linguales. In the medullary part are

found, imbedded in fat, the decussating fibres of the transverse muscle passing-

across, the genio-glossi radiating upwards and outwards, and the vertical muscles
arching downwards and outwards. In addition to the movements which may be
given to the tongue by the extrinsic muscles, this organ is capable of being-

curved upwards, downwards, or laterally by its cortical fibres, it is flattened by
the vertical fibres, and its margins are again di-awn together by the transverse :

whilst the two last mentioned, acting together, would tend to lengthen the organ.

The septum of the tongue is a thin fibrous partition which extends forwards-

from the hyoid bone to the tip, and divides one half of the medullary part of the
tongue from the other, but does not penetrate into the cortex.

The arteries of the tongue are derived from the lingual, with some small

branches from the facial and ascending pharyngeal. The veins emjpty their

contents into the internal jugular trunk.

The nerves of the tonguo (exclusive of branches from the sympathetic nerves)

are three ; viz., the lingnal or pidatory branch of the fifth pair, which supplies

the papillEB and mucous membrane of the fore part and sides of the tongue to

the extent of about two-thirds of its sui-face ; the lingual branch of the glosso-

2)liurynrjeal, which sends filaments to the mucous membrane at the base of the

tongue, and especially to the papillai vallata3 ; and lastly, the liiipogUnsal nerve,

which is distributed to the miiscles. Microscopic ganglia exist upon the expan-
sions of the glosso-pharyngeal nerve, especially in the neighbourhood of the
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papillae vallatse and papiUte foliatEB, and in the slieep and calf upon the gustatory

division of the fifth.

The chief lymphatic trunks accompany the ranine vessels, and after traversing

one or two small lymphatic glands, seated on the hyoglossus muscle, pass into

the deep cervical glands.

The detailed description of the blood-vessels and nerves will be found in the

first volume.

Recent Literature (especially relating to the papillte and taste-buds).

—

Loven, in

Arch. f. miki\ Anat., IV., 1867 ; Schioalhe, in the same, and in Med. Centralbl., 1868

;

V. Wyss, in Med. Centralbl., 1869, and in Arch. f. mikr. Anat., VI; Krause, in Got-

tinger Nachr. , 1870 ; Hdnigsschnied, in Zeitschr. f. wiss. Zool., XXIII., 1871, and XXIX.,
1877, and Med. Centralbl., 1872; v. Aytai, in Arch. f. mikr. Anat., VIII.; Encjel-

mann, Article in Strieker's Handbook ; Ditlevsen, Abstr. in Hofmann and Schwalbe's

Jahresb., 1872 ; v. Ebner, "Die acinbsen Driisen der Zunge, &c.," Gratz., 1873 ; H.
Watney (glands of tongue,) in Proc. Roy. Soc. 1874 ; Sertoli, in Moleschott's IJnterR. XI.,

1874; A. Hoffmann, in Virchow's Arch., 1875; VintscJigau, Article " Geschmacksinn

"

in Hermann's Handbuch, 1880.

THE PALATE.

The roof of the mouth is formed by the palate, which consists of two
portions ; the fore part being named the hard palate, and the back part,

the soft palate.

The osseous framework of the hard palate, already described with

the bones of the face, is covered by the periosteum, and by the lining

membrane of the mouth, which are firmly connected. The mucous
membrane, which is continuous with that of the gums, is thick, dense,

rather pale, and much corrugated, especially in front and at the sides ; but
is smoother, thinner, and of a deeper colour behind. Along the middle
line is a ridge or raphe ending in front in a small eminence, which corres-

ponds with the lower opening of the anterior palatine canal, and receives

the terminal filaments of the naso-palatine and anterior palatine nerves.

The hard palate is provided with many small glands (2}alatme glands), which
form a continuous layer between the mucous membrane and the periosteum ; and,

like the rest of the mouth, it is covered with a squamous stratified epithelium.

The corrugations oJ the hard palate are much better marked and more regular

in the foetus (compare Gegenbaur, Die Gaumenfalten des Menschen, Morph.
Jahrb. iv., 1879).

In the rabbit fine nervous fibrils have been traced forming a plexus in the
epithelium (Elin).

The soft palate (velum pendulum palati) is formed of a duplicature

of mucous membrane inclosing muscular fibres and numerous glands. It

constitutes an incomplete and moveable partition between the mouth and
the pharynx, continued from the posterior border of the hard palate,

obliquely downwards and backwards. Its form and its inferior con-

nections, bounding the isthmus of the fauces, have been already described,

together with the muscles which enter into its composition (Vol. I.).

The anterior or under surface of the velum, which is visible in the

mouth, is concave. The mucous membrane, continuous with that of the

hard palate, is thinner and redder : it is covered with a similar epithe-

lium. The median ridge or raphe, which is continued backwards from
the hard palate to the base of the uvula, indicates the original separation

of the palate into two lateral halves.

The posterior surface of the soft j)alate, slightly convex or arched, is

continuous above with the floor of the nasal fossae. It is slightly

elevated along the middle line, opposite to the mnila. The lower portion
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of its miTcoiTS membrane, as well as that of the free margin of the velum,
is covered with scaly, stratified epithelium ; but at its upper portion the
epithelium is columnar and ciliated.

In the new-bom child the whole posterior surface is covered with ciliated

epithelium (Klein), but this becomes subsequently replaced by squamous ; the epi-

thelium of the gland-ducts, however, retains in many instances its ciliated character.

On both surfaces of the velum are found numerous small compound glands.

They particularly abound on the upper surface, where they form almost a complete
layer under the mucous membrane ; they are also very abundant in the uvula.

THE TONSILS.

The tonsils (tonsillce, amygdalse) are two prominent bodies, which
occupy the recesses formed, one on each side of the fauces, between the

anterior and posterior palatine arches (fig. 509, 23).

They are usually about half an inch in length, and a third in width
and thickness ; but they vary much in size in different individuals.

The free inner surface of the tonsil, projecting into the fauces between
the palatine arches, has from twelve to fifteen orifices, which give it a per-

forated appearance. These orifices lead into recesses or crypts in the sub-

stance of the tonsil, like those already described as occurring at the back
part of the upper surface of the tongue (fig. 497). The tonsils con-

tain a large number of lymphoid follicles ranged around the walls of

these crypts, and between these is a quantity of less dense lymphoid
tissue. The outer side of the tonsil is connected with the inner

smface of the superior constrictor of the pharynx, and approaches very

near to the internal carotid artery. Considered in relation to the

smface of the neck, the tonsil corresponds to the angle of the lower jaw,

where it may be felt beneath the skin when it is enlarged.

These structures receive a very large supply of blood from various arteries,

viz., from the tonsillar and palatine branches of the facial artery, and from the

descending loalatine, the ascending pharyngeal and the dorsal artery of the

tongue. From these arteries fine branches and capillaries are distributed

abundantly to the lymphoid tissue and follicles and to the papilte of the mucous
membrane which lines the recesses. The veins are numerous, and enter the

tonsillar plexus on its outer side. The nerves come from the glosso-phaiyngeal

nei've, and from the fifth pair. Lymphatics are abundant, and stirround the

follicles with a close plexus ; they eventually pass into the superior deep
cervical lymphatic glands.

THE SALIVARY GLANDS.
The saliva, which is poured into the mouth, and there mixed with the

food during mastication, is secreted by three pairs of glands, named fr'om

their respective situations, imrotid, suhmaxilJary, and sulUngual. Agree-

ing in their general physical characters and minute structure, these glands

differ in their size, form, and position.

The Parotid Gland.—The parotid (fig. 500, p) is the largest of the

three salivary glands. It lies on the side of the face, in front of the ear,

and extends deeply into the space behind the ramus of the lower jaw.

Its weight varies from five to eight drachms.

Its outer surface is convex and lobulated, and is covered by the skin

and fascia, and partially by the platysma muscle. It is bounded above

by the z;ygoma, below by a line drawn backwards from the lower border

of the jaw to the sterno-mastoid muscle, and behind by the external

meatus of the ear, the mastoid process, and sterno-mastoid muscle. Its
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anterior border, -niiicn lies over the ramus of the lower jaw, is less dis-

tinctly defined, and stretches forwards to a variable extent on the mas-
seter muscle. It is from this anterior border of the gland that the excre-

tory duct passes off; and thera is frequently found in connection with

the duct, and lying upon the masseter muscle, a small process or a sepa-

rated portion of the gland (p'), which is called glandula soda jmrotulis.

On trying to raise the deeper part of the parotid gland from its j)osition,

it is found to extend far inwards, between the mastoid process and the

ramus of the jaw, towards the base of the skull, and to be intimately con-

nected with several deep-seated parts. Thus, above, it reaches into and

Fig. 500.

Fig. 500.

—

Sketch op a supekficial dissection of tbe face, showiko the position

OP THE parotid AND SUBMAXILLARY GLANDS (Allen ThomSOn). §

p, parotid gland
; ^./, socia parotidis ; d, the duct of Stenson before it perforates the

buccinator muscle ; «, transverse facial artery ; n, n, branches of the facial nerve emerging
from below the gland ; /, the facial artery passing out of a groove in the sub-maxillary

gland and ascending on the face ; s m, superficial portion of the submaxillary gland.

occupies the posterior part of the glenoid cavity ; behind and below, it

touches the digastric muscle, and rests on the styloid process and styloid

muscles ; and, in fi'ont, under cover of the ramus of the jaw, it advances

a certain distance between the external and internal pterygoid muscles.

The internal carotid artery and internal jugular vein are close to the
deep surface of the gland. The external carotid artery, accompanied by
the temporo-maxillary vein, passes through the parotid gland, and in

that situation divides into the temporal and internal maxillary arteries,

the former soon giving off its auricular and transverse facial branches.
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The gland is also traversed by the facial nerve, which divides into

branches within its substance, and it is pierced by branches of the

great auricular nerve.

The parotid duct, named also Stenson's duct (d. Stenonianus),

appears at the anterior border of the gland, about one finger's breadth
below the' zygoma, and runs forwards over the masseter muscle, accom-
panied by the socia parotidis, when that accessory portion of the gland
exists, and receiving its ducts. At the anterior border of the masseter,

the duct (d) tm-ns inwards through the fat of the cheek and pierces the

buccinator muscle ; and then, after running for a short distance obliquely

forwards beneath the mucous membrane, opens upon the inner surface of

the cheek, by a small orifice on a papilla opposite the crown of the

second molar tooth of the upper jaw. Its direction across the face may
be indicated by a line drawn from the lower margin of the coucha of the

ear to a point midway between the red margin of the lip and the ala of the

nose. The length of the Stenonian duct is about two inches and a

half, and its diameter rather less than -Jth of an inch. At the place

where it perforates the buccinator, its canal is as large as a crow-

quill, but at its orifice it is smaller than in any other part, and will

only admit a fine probe.

The vessels of the parotid gland enter and leave it at numerous points. The
arteries are derived directly from the external carotid, and from those of its

branches which pass through or near the gland. The veins correspond. The
lymphatics join the deep and superficial set in the neck ; and there are often one
or more lymphatic glands embedded in the substance of the parotid. The nerves
come from the sympathetic plexus on the external carotid artery, and also from
the facial, the auriculo-temporal and great auricular nerves. In the dog and cat

it has been experimentally shown that the parotid derives its cerebro-spinal

nerve-supply from the glosso-pharyngeal, through the lesser superficial petrosal

nerve and the otic ganglion, the fibres finally passing to the gland by a branch
of the auriculo-temporal.

An instance is recorded by Gruber of a remarkable displacement of the parotid

on one side ; the whole gland being situated on the masseter muscle as if it were
an enlarged socia parotidis (Virchow's Archiv, xxxii.).

The submaxillary gland.—The submaxillary gland (figs. 500, 501,

sm), the next in size to the parotid, is of a spheroidal form, and weighs
about 2 or 2| drachms. It is situated immediately below the base and
the inner surface of the inferior maxilla, and above the digastric muscle.

In this position it is covered by the skin, fascia and jjlatysma myoides,

and its inner surface rests on the mylo-hyoid, hyo-giossus, and stylo-

glossus muscles ; above, it corresponds with a depression on the inner

sm-face of the jaw-bone ; and it is separated behind from the parotid

gland merely by the stylo-maxillary ligament. The facial artery, be-

fore it mounts over the jaw-bone, lies in a deep groove upon the back
part and upper border of the gland.

The duct of the submaxillary gland, named Wharton's duct (d', fig.

501), which is about two inches in length, leaves the main gland

posteriorly, together with a thin process of the glandular substance, and
passing round the posterior border of the mylohyoid muscle (mh),

runs forwards and inwards above that muscle, between it and the

hyo-giossus and genio-hyo-glossus, and beneath the sublingual gland,

to reach the side of the frtenum linguse. Here it terminates, close

to the duet of the opposite side, by a narrow orifice, which opens

1
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at the smnmit of a soft papilla (d) seen beneath the tongue. The obvious

structure of this giand is like that of the parotid ; but its lobes are larger,

its surrounding areolar web is finer, and its attachments are not so firm.

Moreover, its duct has much thinner coats than the parotid duct.

The blood-vessels of the submaxillary gland are brandies of the facial and
lingual arteries and veins. The nerves include those derived from the sub-

maxillaiy ganglion, and through this from the chorda tynipani, from the lingual

branch of the inferior maxillary (and in rare cases from the mylo-hyoid branch of

the inferior denta,l nerve), and from the sympathetic.

The sublingual gland.—The sublingual giand (fig. 501), the

smallest of the salivary glands, is of a narrow oblong shape and weighs

scarcely one drachm. It is situated along the floor of the mouth, where

it forms a ridge between the tongue and the gums of the lower jaw,

covered only by the mucous membrane. It reaches from the frsenuni

Fig. 501.

—

View of the Eight Sub- Fig. 501.

MAXILLARY AND SUBUNGUAL GlANI-S

FROM THE INSIDE (Allen ThoTDSOn).

Part of the right side of the jauvr,

divided from the left at the symphysis,

remains ; the tongue and its muscles

have been removed ; and the mucous
membrane of the right side has been

dissected off and hooked upwards so as to

expose the sublingual glands ; s m, the

larger superficial part of the submaxillary

gland ; /, the facial artery passing

through it ; s m', deep portion prolonged

on the inner side of the mylo-hyoid

muscle m h; s I, is placed below the

anterior large part of the sublingual

gland, with the duct of Bartholin partly

shown ; s I', placed above the hinder small end of the gland, indicates one or two of the

ducts perforating the mucous membrane ; d, the papilla, at which the duct of "Wharton
opens in front behind the incisor teeth ; d', the commencement of the duct ; h, the hyoid
bone ; n, the gustatory nerve ; close to it is the submaxillary ganglion.

linguffi, in front, where it is in contact with the giand of the opposite

side, obliquely backwards and outwards for rather more than an inch and
a half. On its inner side it rests on the genio-hyo-glossus ; below, it

is supported by the mylo-hyoid muscle (mh), which is interposed between
it and the main part of the submaxillary gland ; and it is here in close

contact with the Whartonian duct, with the accompanying deep portion

of the last-named gland, and also with the lingual branch of the fifth

nerve.

The lobules of the subhngual gland are not so closely united together

as those of the other salivary glands, and the ducts from many of them
open separately into the mouth, along the ridge which indicates the

position of the giand. These ducts, named ducts of Rivini, are from
eight to twenty in number. Some of them open into the duct of

Wharton. One, longer than the rest (which is occasionally derived

in part also from the submaxillary gland), runs along the Whartonian
duct, and opens either with it or very near it ; this has been named
the diict of Bartholin,

VOL. II. P P
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The blood-vessels of this gland are supplied by the sublingual and submental
arteries and veins. The nerves are numerous, and are derived from the lingual

branch of the fifth.

STBtrCTUEE OF THE SALIVAEY GLANDS.

These glands are constructed on the compound racemose type. Their
ducts (traced backwards), after branching a certain number of times,

terminate in fine ramuscules, into which the alveoli open. The alveoli of

the salivary glands do not always present the form usually regarded as

typical of the alveoli of a compound racemose gland. They are some-
times dilatations of the extremities of the duct beset with saccular en-

largements, sometimes more tubular and even somewhat convoluted

Fia;. 502.

Fig. 502.

—

Diagram op the construction of a LOBrLE of a tubulo-raceiiose
(ACiNO-TtrBULAR) MUCOUS GLAND (from KoIIiker).

a, duct ; 6, a branch of the duct ; c, alveoli as they lie together in the gland ; d, the

same separated, showing their connection as an irregular tube.

without marked sacculation (fig. 502) (acino-tubular variety), but there is

no essential difference between the two forms, transitions being met with

between them. The alveoli are enclosed by a basement membrane, which
is not complete as in many glands, but forms a basket-like investment to

the alveolus, the flattened cells which form it, being ramified and united

together by their branches (fig. 503). There is however in addition a

delicate homogeneous substance occupying the meshes between the cells

(see the left-hand alveolus in fig. 503). The cells of the basement mem-
brane are said to send inwards processes to form a sustentacular network
amongst the alveolar cells.

Fig. 503.
Fig. 503.

—

Membkana propria op two
ALVEOLI isolated (Hcidenhain after Lav-
dovsky).

The preparation is taken from the orbital

gland of the dog, which is similar in structure

to a mucous salivary gland.

The alveoli are united by the blood-

vessels and a small amount of loose con-

nective tissue into lobules, and these

again by a larger quantity of the same
tissue into larger lobules. A considerable amount of connective tissue

also accompanies the blood-vessels and duct in their ramifications through
the gland. The connective tissue, where it is in larger amount, is

lamellar in character (Klein), and it contains, besides the ordinary
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flattened cells, a certain number of granular plasma-cells and lymph.-

corpuscles, mth fat cells occasionally.

The alveoli of the salivary glands may be divided into two classes,

according to the natm-e of their secretion :—those of the one kind yield-

ing a ropy secretion characterised by containing mucin, and those of

the other kind, a tliinner more watery secretion, sometimes containing

a considerable amount of serum-albumin, so that the secretion

coagulates on being heated. The two kinds of alveoK may accordingly

be distinguished as mz<C(9Z(^s and sero2^5 ot aliummous, (Heidenliain) ; they

differ from one another both in appearance and in the natm-e of their

secreting cells. In some cases an alveolus may contain mucous and serous

cells side by side.

Fig. 504.

—

Section of part of Fig 504.

THE HUMAN SUBMAXILLART
GLAND (Heideahain).

To the right of the figure is a
group of mucous alveoli, to the

left a group of serous alveoli.

The human parotid and that

of all mammals is comiDosed

of serous alveoli, and the sub-

lingual gland ofmucous alveoli,

iDut in man the submaxillary is

a mixed gland, containing both
kinds of alveoli, although the

serous are the more numerous
(fig. oOi). In the dog and most
other animals it is purely a
mucous gland, and in the rabbit

and guinea pig it is purely a
serous gland. Similar differ-

ences have alreadybeen noticed

(p. 570) in the small glands of

the tongue. In the guinea pig

there are small flat mucous glands of tubular structure connected both to the

parotid and submaxillary, one to each, and sending their ducts to open into the

ducts of those glands (Klein).

Mucous alveoli.—In the mucous glands and mucous alveoli of mixed
glands most of the alveolar cells, when the gland is in the inactive con-

dition, appear large, clear, and almost spheroidal in shape, and nearly

fill the alveoli, which are distended by the cells (right-hand side of fig.

504). The nucleus of each cell is in the part of the cell next to the

basement membrane, against which it is generally flattened, and the ceUs

may cause the basement membrane to be bulged out opposite to them.

In preparations hardened in alcohol, the cells are finely granular, and
A^ith the exception of the part around the nucleus are scarcely stained

by carmine (fig. 505, A).

"When isolated, they not unfrequently exhibit processes, one from the

base of each ceU : the projection is flattened and overlaps the base of a

neighbouring cell (Kolhker). The peculiar clear appearance of these

ceUs is due to. the accumulation within them of mucin (or of a sub-

stance " mucigen " fi-om which mucin is formed) ; this substance is pre-

cipitated by acids, but swoUen up, and the cells are destroyed, by the

action of water or alkalies.
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Besides the " mucin cells " there are met ^Yitll in most alveoli of these

o-lancls, cells of a diiferent character, which from their position may be

named "marginal cells." In some mucous glands, e.g., the submaxillary of

the cat, they form an almost complete outer layer, next to the basement

membrane, and enclosing the mucin-ceUs, but in the dog's submaxillary

gland they occur only in small semilunar masses (lunulte of Gianuzzi)

flattened up between the basement membrane and the mucin-ceUs (fig.

505, A ; fig. 507, s). These marginal-cells are small and granular, and
stain deeply with carmine.

Fig. 505.

A B

Fig. 505.

—

Sections of the orbital gland of the dog. A, during rest. B, after
A PERIOD OF activity (Heidentain after Lavdovsky).

In A, tlie cells of the alveoli are large and clear, being filled witli the material for

secretion (in this case, mucigen) which obscures their protoplasm, but some of the cells

have not participated in the formation of the secretion, and these remain small and
protoplasmic, forming the crescentie group seen in most of the alveoli.

In B, the accumulated material is discharged from the cells, which appear jjartially

disintegrated in consequence. Both the cells and the alveoli are much smaller, and tho

protoplasm of all the cells is now apparent.

If the mucous glands are stimulated to secretion, the mucin-cells become
gradually smaller and less clear, their contents being exuded in the form of

mucus, which first fills the cavity of the alveolus and then passes on into the

duct. At the same time the cells are easily stained with carmine and their

nuclei are no longer flattened, but assume a more rounded form and central

position (fig. 505, B). If the gland be strongly urged to activity as by prolonged

stimulation of its cerebral nerves, the mucin-cells may undergo still more pro-

found alterations, and may even become partially or wholly disintegrated, and
removed from the alveolus with the secretion. It is uncertain whether the

whole cell may thus be destroyed, or whether the part surrounding the nucleus

may not remain ^nd regenerate the cell ; this is certainly the case in some of the

small mucous glands of the mouth in which, no marginal cells can be seen. It is

probable however that in the salivary glands, some at least of the mucin-cells are

entirely destroyed, and the marginal cells multiplying and becoming filled with.

secretion, serve to replace those which are thus lost. In this way we may
suppose that, even while the discharge of secretion is still proceeding, new
secreting cells are forming, at the same time that some of the older ones are

being destroyed (Heidenham).

Serous alveoli.—In the serous glands and serous alveoli of mixed
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glands, the cells, in the inactive condition of the glands, are in the fresh con-
dition and in osniic preparations seen to be packed fuU of distinct granules,

of an albuminous nature, which obscure their nuclei. The granules are

imbedded in the protoplasm of the cells and the latter almost completely
fill the alveoli, scarcely any lumen being discernible (fig. 506, A).

"Fig. 506.

—

Alveoli of serous glaitds. A, at kest. B, aptek a short period
OF ACTIVITT. C, AFTER A PROLONGED PERIOD OF ACTIVITr. (Langley.)

After a short period of activity the granules are found to have disappeared in

the outer part of the cell, the inner part being still distinctly granular and some
granules betag apparently free within the lumen of the alveolus, now becoming
distinct (fig. 506, B). With more prolonged activity (fig. 506, C) the clear

outer part increases in extent, and the granules are found only in the part of the

cell which is close to the lumen, and in those parts which are contiguous to the
adjacent cells, (corresponding perhaps to fine capillary clefts which pass from the
cavity of the alveolus between the cells). The nuclei have now become distinct,

Fig. 507.

—

Section op the
SUBMAXILLARY GLAND OF
THE DOG, SHOWING THE
COHMENOEMENT OP A DUCT
IN THE ALVEOLI. MAG-
NIFIED 425 DIAMETERS.
(E. A. S.).

a, one of the alveoli, several

of which are in the section

shown grouped around the

commencement of the duct, d'

;

a', an alveolus, not opened by
the section ; i, basement mem-
brane in section ; c, interstitial

connective tissue of the gland

;

d, section of a duct which has
passed away from the alveoli,

and is now hned with charac-

teristically-striated columnar
cells ; s, semilunar group of

darkly-stained cells at the

periphery of an alveolus.

and the cells are smaller. We may suppose therefore that the granules, which no
doubt contain the specific elements of the secretion, are formed by or from the
protoplasm of the cells during rest, and are discharged into the lumen and dissolved
during activity. Probably however even during activity new granules are con-
stantly being formed and passed onwards towards the lumen. According to
Langley, the three processes of growth of the clear protoplasm, conversiou of
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tHs into granules, and discharge of these into the lumen, are all proceeding

simultaneously in different parts of the cell during activity.

In glands which have been hardened in alcohol the granules are found to be

dissolved and their place occupied by a clear substance which does not stain

with carmine.

Ducts.—In the serous glands, and serous parts of mixed glands, the

first or intercalary part of the duct -which conveys the secretion from
the alveoli is narrow, and lined with clear flattened cells with elongated

nuclei. After a longer or shorter course, this part passes by a some-
what narrower " neck," lined with cubical cells with small nuclei, into

the intralobular ducts (Klein).

In the mucous glands the intercalary ducts are also lined (fig. 507, cT)

with clear cells continuous with the cells of the alveoli, but flattened

against the basement membrane so as to leave a considerable lumen.

This first part of the duct is generally shorter than the corresponding part in,

the serous glands, and is regarded by IQein as representing only the part by him
termed the " neck ;

" more probably, however, it must be looked upon as repre-

senting both parts, although they are not here so clearly differentiated. The
intercalary part of the ducts is described by Klein as being lined, within the
epithelium, by a special delicate nucleated membrane, which in some animals is

continued into the intralobular ducts.

In the next or intralobular part of the duct (fig. 507, d) the character

of the epithelium changes abruptly, the cells becoming large and columnar
or conical, the rounded or truncated apex being directed towards the

lumen of the tube. Each cell contains a spherical nucleus near the

centre (fig. 50S, j). The part of the cell next the lumen of the duct

Fig. 508.

—

Striated epithelium cell, from the duct op a
SALIVARY GLAND ; HIGHLY MAGNIFIED. SEMIDIAGRAMMATIC,

(E.A.S.)

gr, gi'anular protoplasm ; str, striae ; n, nucleus.

is gTanular in character, whereas the part nearest the

basement membrane is finely striated longitudi-

naUy. This striated appearance is most distinct in

the ducts of the submaxillary gland ; it is due to the presence of a rod-

like or fibrillar Structure in that part of the cell.

The larger ducts acquire a coating of fibrous and elastic tissue outside

the basement membrane, and, except in those of the sublingual gland, a

few plain muscular fibre-cells are also to be found. The columnar epi-

thelium is here double, a second row consisting of somewhat smaller

cells lying outside, and fitting between, the elongated cells which are

continuous with those of the smaller ducts.

Vessels and nerves.—The blood-vessels of the salivary glands are numerous,

and form a close capillary network outside the basement membrane both of the

alveoli and the ducts.

The lymphatics commence in the form of lacunar clefts between and around
the alveoli, lying closer to these than do the networks of blood-capillaries

(G-ianuzzi). The issuing lymphatics accompany the blood-vessels and ducts.

The nerves are large and numerous, and many of them exhibit minute ganglia,

especial],y those in the dog's submaxillary. There are fewer ifn the human sub-

maxillary gland, and no ganglia in the parotid (Klein). Some of them have been
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observed to terminate in Pacinian corpuscles of a simple kind (Kranse), and many
no doubt supply the blood-vessels. There are good reasons for believing that the
nerve-fibres come into intimate relation with the secreting cells of the glands, but
in what manner such connection may occur is not known. According to Pfliiger,

the basement membrane of the alveoli, as well as of the ducts, is perforated by
the nerves, which lose their medullary sheath, and, breaking up into a number
of branches, become connected with the cells. Other observers, however, have
failed to corroborate these statements.

The Recent Literature of the salivary glands is comprised in the list of works given

under the article " Secreting Glands." To these may be added a recent paper by Klein,

in the "Quarterly Journal for Microscopical Science," April, 1882.

THE PHARYNX.
The pharynx (fig. 509) extends from the base of the skull to the

lower border of the cricoid cartilage, and forms a sac continued at the

lower end into the gullet, with apertures in front, which lead into the

nose, mouth and larynx. The velum projects backwards into it, and
during the passage of the food is drawn backwards by muscular action

so as completely to separate an upper from a lower part. In all, seven

openings lead into the cavity of the pharynx ; viz., above the velum,

the two posterior openings of the nares {choance narium), and at the

sides the apertures of the Eustachian tubes (fig. 509, 10) ; while

below the velum, there is first the passage leading from the mouth;
then the superior opening of the larynx, and lastly the passage into

the oesophagus.

The pharynx is about 4| inches in length, and is considerably wider
across than from before backwards. Its widest part is opposite the

cornua of the hyoid bone; below this it rapidly contracts like a funnel

towards its termination in the gullet, opposite the cricoid cartilage, where
it is narrowest.

The posterior wall of the pharynx at its upper end forms a cul-de-sac on each
side opposite the tip of the petrous bone, and lies in a curve, with its convexity

forwards, in front of the recti capitis antici muscles.

Attachments.—The walls of the pharynx are formed by a fascia or

layer of fibrous tissue, named the pharyngeal aiponeurosis, dense at its

upper part but lax and weak below, which is covered by muscles and
lined by mucous membrane. At its upper end this fibrous waU is attached

to the posterior part of the body of the sphenoid bone, and passes out-

wards to the petrous portion of the temporal bone and on to the Eustachian

tube. It is strengthened in the middle line by a strong band descending

between the recti antici muscles from a part of the basilar process of the

occipital bone, which often presents a marked tubercle (^])lianjngeal

tulerde, see vol. i.).

Behind, the pharynx is loosely connected by areolar tissue to the pre-

vertebral fascia covering the bodies of the cervicalvertebrse and the muscles

which rest upon them. At the sides it has similar connections with the

styloid process and its muscles, and with the sheaths of the large vessels

and nerves of the neck. In front, it is attached in succession to the sides

of the posterior nares, the mouth and the larynx.

Thus commencing above by a tendinous structure only, the pharynx is connected

by means of muscle and fibrous membrane, first, with the internal pterygoid plate
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then with the pteiygo-maxillary ligament, and next witli the mylo-hyoid ridge
of the lower jaw ; below this, it is attached to the sides of the tongue, to the
liyoid bone, and stylo-hyoid ligament ; and, still lower down, to the thyroid and
cricoid cartilages.

Structure.—The muscles of the pharynx are the superior, middle and
inferior constrictors, the stylo-pharyngeus, and the palato-pharyngeus.

They have abeady been described in vol. i.

Fiff. 509.

Fig. 509.

—

Median section of the mouth and pharynx (Sappey).

1 to 8, relate to parts in connection with the nostrils ; 9, upper or respiratory part of

the pharynx ; 10, aperture of the left Eustacliian tube ; 11, depression of the mucous
membrane; 12, velum palati ; 13, 13, vestibulum oris; 14, arch of the palate; 15,

space at the back of the dental series; 16, 17, tongue; 18, genio-glossus ; 19, genio-

hyoid ; 20, mylo-hyoid, cut ; 21, 22, anterior and posterior pillars of the fauces ; 23,

tonsil ; 24, posterior vertical part of the tongue ; 25, its glandular eminences and de-

pressions ; 26, 27, lower i^art of the pharynx ; 28 to 37, refer to parts of the larynx

;

30, ei)iglottis.

The mucous membrane is continuous at the several aj)erturcs with that

of the adjacent cavities. It varies somewhat in its character in ditferent

parts. Its upper portion, which presents numerous folds with interven-

ing recesses, is thick where it adlieres to the base of the skull, but much
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thinner near the entrance of the Eustachian tubes and the posterior nares :

in this situation numerous racemose mucous glands are found collected

in a layer beneath the mucous membrane. Lymphoid follicles also exist

throughout the whole of the pharynx.

A collection of these, forming a glandular mass similar to that composing the

tonsils, stretches across the back of the pharyngeal cavity between the orifices of

the two Eustachian tubes (Kolliker).

A well-marked recess of the mucous membrane, known as the bursa pJiaryngca,

which is constant iu the foetus and young subject, is occasionally present in the

adult in the middle line posteriorly, extending as far upwards as the pharyngeal
tubercle. It opens by a narrowed orifice below the glandular mass just mentioned.

(Compare v. Teutlehen, Die Tubentonsille, in Zeitschr. f. Anat. u. Entw., 1876
;

and Gangliofner , Ue. d. Tonsilla u. Bursa pharyngea, in Wiener Sitzungsb.

LXXVIII. 1878). (For the descriiDtion of a remarkable case of lateral diverticu-

lum of the pharynx, see a paper by M. Watson in the Journal of Anat. and
Physiol., 1874.)

In the part opposite the fauces, the mucous membrane exactly resembles

that of the mouth. Lower down it becomes paler, and at the back of the

larynx it forms several longitudinal folds. The epithelium upon the upper
portion of the pharynx, nearly as low down as the base of the uvula, is

columnar and ciliated ; but, below that point, it is scaly and stratified.

In the foetus the ciliated epithelium has a more extensive distribution,

and it often persists in the recesses and gland ducts of all parts of the

pharynx.

THE CBSOPHAGUS.
The oesopliagns or gullet, the passage leading from the pharynx to

the stomach, commences at the cricoid cartilage opposite the sixth cer-

vical vertebra, and passing through the diaphragm opposite the tenth

or eleventh dorsal vertebrse, there ends by opening into the stomach.

The length of the oesophagus is about 9 or 10 inches. It is of smaller

diameter than any other division of the alimentary canal, its narrowest

part being at the commencement behind the cricoid cartilage ; it is also

shghtly constricted in passing through the diaphragm, but, below that,

widens into the stomach. It is not quite straight in its direction, but
has three slight curvatures. One of these is an antero-posterior flexure,

corresponding with that of the vertebral column in the neck and thorax.

The other two are slight lateral curves ; for the oesophagus, commencing
in the median line, inchnes to the left side as it descends to the root of the

neck; thence to the fifth dorsal vertebra it gradually resumes the mesial

position ; and finally, it deviates again to the left, at the same time

coming forward towards the oesophageal opening of the diaphragm.
Connections.—In the lower cervical and upper dorsal region the

oesophagus is applied to the anterior surface of the spine, being connected

with it and with the longus colli muscle by loose areolar tissue ; between
it and the bodies of the dorsal vertebrse the thoracic duct ascends obliquely

from right to left ; in its lower third it is placed in front of the aorta. In
the neck, the oesophagus lies close behind the trachea, (projecting about

a quarter of an inch to the left of that tube), and the recurrent laryngeal

nerve ascends on either side in the angle between them ; on each side is

the common carotid artery, and also a part of the thyroid body, but, as

the oesophagus inclines to the left side, it is in more immediate connection

with the left carotid. In the thorax, the oesophagus is successively
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covered in front by the lower part of the trachea, by the commencement
of the left bronchus, and by the pericardium. The aorta, except near the

diaphragm, where the oesophagus is in front of the vessel, lies to the left,

and the vena azygos to the right and behind ; the pneumogastric nerves

descend in close contact with its sides, and form a plexus around it, the

left nerve proceeding gradually to the front, and the right nerve retiring

behind it. I-iastly, the oesophagus, which is here placed in the interval

between the two pleurse, comes partially in contact with both of those

membranes but more extensively ou the right side.

STRtTCTURE OF THE CESOPHAGUS.

The walls of the gullet are composed of three coats ; viz., an external

or muscular, a middle or areolar, and an internal or mucous coat. Out-

side the muscular coat there is a layer of areolar tissue, with well marked
elastic fibres.

The muscular coat consists of an external longitudinal layer (seen in

section in fig. 510, &) and an internal circular layer (c). This twofold

arrangement of the muscular fibres prevails throughout the whole length

of the alimentary canal ; but the two layers are here much thicker, more
uniformly disposed, and more evident than in any other part, except

quite at the lower end of the intestine. The external or longitudinal

fibres are disposed at the commencement of the tube in three bands.

Fig. 510. Fig. 510.

—

Section of the human
(ESOPHAGUS. (V. Horsley).

The section is transverse, and from
near the middle of the gullet, a,

fibrous covering ; 6, divided fibres of

the longitudinal muscular coat ; c,

transverse muscular fibres ; d, sub-

mucous or areolar layer ; c, muscu-
laris mucosa; ; /, mucous mem-
brane, with vessels and part of a
lymphoid nodule

; g, laminated epi-

thelial lining ; h, mucous gland ; i,

gland diict; m', striated muscular
fibres cut across.

one in fi'ont, and one on each

side. The lateral bands are con-

tinuous above with the inferior

constrictor of the pharynx; the

anterior arises ft-om the back of

tl\e cricoid cartilage at the pro-

minent ridge between the pos-

terior crico-arytenoid muscles,

and its fibres spreading out

on each side of the gullet as

they descend, soon blend with

those of the lateral bundles

to form a cOntinuouslayer
around the tube. The direction of many of the fibres is at first slightly

oblique, but towards the lower end it is more directly longitudinal.

The internal or circular fibres are separated above by the fibres of the

lateral longitudinal bands from those of the inferior constrictor of

the pharynx. The rings which they form around the tube have a hori-

I
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zontal direction at its upper and lower part, but in the intervening space

are slightly obhque. At the lower end, both, layers of fibres become
continuous with those of the stomach.

The muscular coat of the upper end of the oesophagus is of a well-

marked red colour, and consists wholly of striped muscular fibres ; but
lower down, where it becomes somewhat paler, these are gradually re-

placed by plain muscular fibres, so that in the lower half of the tube the

fibres are almost all of the involuntary kind. A few striped fibres, how-
ever, have been found mixed with the others throughout its whole length,

and in many mammals the striped fibres preponderate throughout.

The longitudinal fibres of the oesophagus ai'e sometimes joined by a broad band of

smooth muscle, passing from the left pleura, and sometimes also by another from
the left bronchus. According to Cunningham, the former is almost constantly

present, and the latter very frequently.

The areolar or submucous coat is placed between the muscular and
mucous coats, and connects them loosely together. It exceeds the

mucous membrane considerably in thickness, and in it are contained the

glands (fig. 510, h), which open on the mucous membrane.
The mucous membrane is of firm texture, and is paler in colour than

that of the pharynx or stomach. From its loose connections its outer

surface is freely movable on the muscular tunic ; and under ordinary

circumstances the mucous lining is thrown into longitudinal folds or

rugse, which are in mutual contact. These folds disappear on distension

of the canal.

Minute papilla (/) are seen upon the mucous membrane, and the

whole is covered with a thick stratified scaly epithelium. In the embryo
for a certain period the oesophagus is lined by columnar ciliated epithelium

(Neumann), patches of which may persist even to the time of birth

(Klein).

The small compound racemose or tubulo-racemose glands, named
ccso'pliageal glands, which are for the most part seated in the submucous
tissue {%), are especially numerous at the lower end of the tube. A few of

the smallest are situated in the substance of the mucous membrane. In
man the cells of these glands are columnar (Klein).

The mucous membrane is bounded next to the submucous coat by longi-

tudinally disposed plain muscular fibres which, imperfect above, form a

continuous layer towards the lower end of the tube (;muscularis mucoscB, e).

Duplicity of the oesophagus in part of its extent, without other abnormality,

has been recorded (Blaes, quoted by Meckel).

Vessels and nerves.—The blood-vessels of the oesophagus have for the most
part a longitudinal arrangement. There are separate networks for the mucous
membrane, the muscularis mucosEe and the muscular coat, and the glands and
fat lobules which are met with in the submucosa have each their capillary

plexus. Lymphatics are found in both the submucous and mucous coats, those of

the latter commencing as in the mouth and pharynx within the papillEe. A small

amount of lymphoid tissue is also present. Both here and in the pharynx the

alveoli of the mucous glands are invested by sinus-like lymphatic vessels (Kidd).

The nerves form a gangliated plexus between the two layers of the muscular coat,

as in other parts of the alimentary canal, but it is characterised by the compara-

tively large size of the groups of ganglion-cells and of the cells themselves, and
also by the fact that it contains a large number of meduUated nerve-fibres

(derived from the pneumo-gastric nerves). Each of these fibres in passing a

ganglion is joined by a non-medullated fibre derived from one of the cells of the
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ganglion, a T shaped junction being formed, as in the case of the large ganglia
on the posterior roots of the spinal nerves. The medullated fibre then passes on,
and after branching a certain number of times, is finally distributed in the muscular
tissue in the striped fibres of which it terminates in the foi-m of end-plates of the
ordinary type (Eanvier). There is another nervous plexus in the submucous
tissue.

Recent Literature.

—

Gillette, in Journ. de I'anat., 1872 (tunique musciilaire) ;

Mouton, in Rev. d. sci. m^d., 1874 (calibre) ; Cunningham, in Journ. of Anat. aii>l

Phys., X., 1876 ; Neumann, in Arch. f. mikr. Anat., XII., 1876 ; Klein, in Qu. J. of

micr. sci., XX., 1880 ; Ranviei; Legons, 1880 (nerves and muscular coat).

THE ABDOMINAL VISCEEA.
As that part of the digestive canal which is found beneath the dia-

jDhragm, and consists of the stomach and intestines, is situated within
the cavity of the abdomen, and occupies, together with the hver, by far

the greater part of that cavity, the general topographic relations of the

abdominal viscera may here be briefly explained.

THE ABDOMEIT.
The abdomen is the largest serous cavity in the body, and is lined

by an extensive and complicated serous membrane, named the im'i-

toneimi. It extends from the diaphragm above to the levatores ani

muscles below, and is subdivided into two parts : an upper and larger

part, the abdomen., properly so called ; and a lower or pelvic part.

The limits between these portions of the cavity are marked by the brun
of the true pelvis.

The enclosing walls of this cavity are formed principally of muscles and
tendons which have been already described. They are strengthened internally

by a layer of fibrous tissue lying between the muscles and the peritoneum, the

different parts of which are described under the names of transversalis fascia,

iliac fascia, and anterior layer of the lumbar aponeurosis. These walls are

pierced by several apertures, through which are transmitted the great vessels and
some other parts, such as the several diaphragmatic apertures for the aorta, vena
cava and oesophagus, and the femoral arches and inguinal canals. In the median
fibrous substance of the anterior wall lies the umbilical cicatrix. The cavity of

the pelvis is also lined with strong fascite, and partially by peritoneum, and at its

lower part are the apertures for the transmission of the rectum and the genito-

ui'inary passages.

For the purpose of enabling reference to be made to the situation and condi-

tion of the contained organs, the abdomen ^iroper has been artificially subdivided

into certain regions, the boundaries of which are indicated by lines drawn upon
the siu'face of the body. The description of these regions, together with an
enumeration of their contents, has been given at the end of the first volume.

The surfaces of the viscera which are in contact one with another and
with the wall of the cavity, are rendered ghstening by a coating derived

from the lining- serous membrane of the cavity.

; a?HE 3PEBIT0NEUM.

.^««The peritoneum, or serous membrane of the abdominal cavity, is by
^r the most extensive and complicated of the serous membranes. Like

the others it may be considered to form a shut sac, but in the female, the

two Fallopian tubes open at their free extremities into its cavity. The
parietal layer is connected with the fascia lining the abdomen and pelvis
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by means of areolar tissue (subperitoneal); it is more firmly adherent along

the middle line of the body in front, as weU as to the under surface of

the diaphragm. The visceral layer, which is thinner than the other,

affords a more or less complete covering to most of the abdominal and
pelvic organs.

The folds of the peritoneum are of various kinds. Some of tliem, constituting

the mesenteries, connect certain portions of the intestinal canal with the posterior

wall of the abdomen ; they are, the mesentery properly so called for the jejunum
and ileum, the meso-csecum, transverse and sigmoid meso-colon, and the meso-
rectum. Other duplicatures exist, which are called omenta ; they are the great

omentum or epiloon, the small omentum, and the gastro-splenic omentum. Lastly,

certain reflexions of the peritoneum from the walls of the abdomen or pelvis to

viscera which are not portions of the intestinal canal, are named ligaments : such

are the ligaments of the liver, spleen, uterus, and bladder.

The further account of the peritoneum will be deferred until the abdominal
viscera have been described.

THE STOMACH.
The stomach is seated in the left hypochondriac and the epigastric

regions. It lies in part against the anterior -wall of the abdomen, and
in part beneath the liver and diaphragm, and above the transverse colon.

Its long axis, which is curved, is not horizontal in position, but lies ob-

liquely, being considerably higher on the left side than on the right.

In shape it is somewhat conical or pyriform (fig. 511). The left

extremity is the larger, and is named the cardiac end. The right or

small end is named the pyloric extremity {p). Of its two orifices, the one

by which food enters from the oesophagus is named the cardiac orifice (o),

the other, by which it passes into the duodenum, and which is placed on
a lower level, and more forwards, is \h.& pyloric orific.

Fig. Kll.

—

Diagrammatic outline of the stomach Fig. 511.

AS seen from behind (His). \

a, great cm-vature ; h, lesser cm-vatiire ; c, left

end, great cul-de-sac, or fundus ; d, small cul-de-

sac, or antrum pylori ; o, oesophageal orifice or

cardia
; ^:>, pyloric extremity.

The cardiac orifice is two or three

inches from the larger extremity, which
projects upwards and to the left of the

opening, forming the great cul-de-sac or

fundus (c).

Between the cardiac and the pyloric orifices, the outline of the stomach

is curved along its upper and lower borders. The upper border, which

looks also to the right, about three or four inches in length, is concave,

and forms the lesser curvature (5); while the lower border, which is

much longer, and, except towards the pylorus, convex, forms the greater

curvature {a).

Towards the pylorus, the small end of the stomach describes a double

bend, opposite to the first turn of which is a prominence or bulgingj

sometimes named the small cul-de-sac or antrum pylori (d).

There is sometimes a distinct constriction near the pyloric end of the stomach,

imperfectly separating it into two parts. This condition may be in great
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measure the result of local contraction of the muscular coat, but is occasionally of
a more permanent character (Struthers).

"\^Tien the stomach is distended, its position and direction are changed. The
great curvature is elevated and at the same time carried forwards, whilst the
anterior surface is turned upwards, and the posterior surface downwards.* The
pylorus when the stomach is empty is nearly in the mesial plane of the body
opposite the first lumbar to the eleventh dorsal vertebras. When the stomach is dis-

tended the pylorus may be moved nearly three inches to the right (Braune).

The cardiac orifice is placed far back, in front and to the left of the body of

the last dorsal vertebra.

Bimensions.—These vary greatly in different subjects, and also

according to the state of distension of the organ. When moderately
filled, its length is about 10 or 12 inches ; and its diameter at the widest

part, from 4 to 5 inches. It weighs, when freed from other parts, about

4-i- ounces in the male, and somewhat less in the female (Clendinning).

The wall of the stomach is thinner than that of the oesophagus, but thicker

than that of the intestines generally. It is thickest at the pyloric end.

Connections.—The borders of the stomach are connected with folds

of peritoneum in their whole extent. Thus, the superior border is

connected with the under surface of the liver by a duplicature of peri-

toneum, the gastro-hepatic or lesser omentum, and at the left of the

cardia, between the oesophagus and the diaphragm, is a small fold termed

the gastro-phrenic ligament ; to the inferior border is attached the great

omentum, beneath which is the transverse arch of the colon, while at the

left extremity it is connected with the spleen by a duplicature of perito-

neum, continuouswith the left border of the great omentum, and named the

gastro-splenic omentum or ligament. The blood-vessels and lymphatics

of the stomach pass within these duplicatures of the membrane, and reach

the organ along its two curvatures. Its anterior and posterior surfaces

are free, smooth, and covered with peritoneum. The anterior surface

which is directed upwards as well as forwards, is in contact above with

the diaphragm and the under surface of the liver, and lower down with

the abdominal parietes opposite the epigastric region, which is hence

named the pit of the stomach. The posterior sm-face is turned downwards
and backwards, and rests upon the transverse meso-colon, behind which
are the pancreas, spleen, left kidney and supra-renal body, and the great

vessels of the abdomen.
At its cardiac orifice it is continuous with the gullet, and is there

fixed by reflection of the peritoneum to the oesophageal opening in the

diaphragm. The pyloric extremity, situated lower down, nearer to the

surface, and having greater freedom of motion, is continuous with the

duodenum, is covered by the concave surface of the liver, and in some
cases touches the neck of the gall-bladder.

STRUCTURE OF THE STOIiIA.CH.

The stomach has four coats, named, in order fi'om without inwards,

the serous, muscular, areolar or submucous, and mucous tunics (fig. 512).

The external or serous coat (s), derived from the peritoneum, is a

thin, smooth, transparent, and elastic membrane which closely covers

the entire viscus, excepting along its two curvatures. Along the line

of these curvatm-es, the attachment is looser, leaving an interval occu-

pied by the larger blood-vessels.

* This is denied by Lesshaft, who states that the general position of the stomaeh
(which he describes as vertical) is unaltered by distension of the organ.

1
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The second or muscular coat, is composed of plain muscular tissue,

forming three sets of fibres, disposed in layers, and named, from their

direction, the longitudinal, the circular, and the oblique fibres.

The first or outermost layer consists of the longiiudinal fibres (fig.

512, me, fig. 513, a), which are in direct continuity with those of the
ossophagus. They spread out in a radiating manner from the cardiac

Fig. 512.

—

Diagrammatic view in perspective

OP A PORTION OP THE COATS OF THE STOMACH
AND DUODENUM, INCLUDING THE PYLORUS
(AUen Thomson).

f/,
tKe inner surface of the gastric mucous

membrane
;

g', section of the mucous membrane J^''^^'?^

with the pyloric gastric glands ; v, the villous sur- _- j ^J^^tj"^-'

'

face of the mucous membrane of the duodenum : ; rA^'j^^ Vg

i, section of the same with the intestinal glands o '^^^k)J^
or crypts of Lieberkiihn ; ^Jj5, the ridge of the -^ -~-("^c5"=^S^ « </ ^-y...^=_-. .

pyloric ring, with a section of its component i
". .'•^""^

''^'Sm"*'- /'"''''"''^iMiJJiaJjy .

Vie

Fig. 512.

parts ; m i, deep or circular layer of muscular

fibres : these are seen in the section to form the ^ ""-^^^""'^
ji ""''^''^^f

pyloric sphincter : 711 e, external or longitudinal

layer of muscular fibres ; s, the serous covering.

orifice, and are found in greatest abundance along the curvatures, espe-

cially the lesser one. On the anterior and posterior surfaces they are

very thinly scattered, or scarcely to be found, but towards the pylorus

are well marked and form a thick uniform layer, which, passing over

the pylorus, becomes continuous with the longitudinal fibres of the

duodenum.
The second set consists of the circular fibres (fig. 512, mi, fig. 513, b)

which form a complete layer over the whole extent of the stomach.

They commence by small and thinly scattered rings at the left extremity

of the great cul-de-sac, describe larger and larger circles as they sur-

round the body of the stomach concentric to its curved axis, and
towards the pyloric end again form smaller rings, and at the same time

become much thicker and stronger than at any other point. At the

pylorus itself they are gathered into an annular bundle (fig. 512 in

section), which projects inwards into the cavity, and forms, within

the annular fold of mucous membrane, the pyloric sphincter. Some of

the circular fibres appear to be continued from those of the oesophagus,

spreading from its right side.

The innermost muscular layer is incomplete, and consists of the

ollique fibres (fig. 513, c). These are continuous with the circular fibres

of the gullet, on the left of the cardiac orifice, where they form a con-

siderable stratum ; from that place they descend obliquely upon the an-

terior and posterior surfaces of the stomach, where they spread out from
one another, and taking the direction of the circular fibres gradually

disappear on the gTeater cm'vature.

The submucous coat of the stomach is a distinct layer connecting

the muscular and mucous coats (fig. 512, between mi and g). It consists

of areolar tissue, in which occasional fat-cells may be found ; and it is

the seat of division and passage of the blood-vessels.

The internal coat or mucous membrane is a smooth, soft, rather

thick and pulpy membrane, which in the fresh state has generally a

somewhat pink hue owing to the blood in its capillary vessels. In
infancy the vascular redness is more marked.
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The mucous memlbrane is thickest in the pyloric region, and thinnest

in the great cul-de-sac. It always becomes thinner in old age.

Fiff. 513. Fig. 513.—Sketch
OP THE ARRANGE-
MENT OP THE
FIBRES IN THE
MUSCULAR COAT OP
THE STOMACH
(Allen Thomson).
i_
'3

A, external layer

of longitudinal fi-

bres, as seen from
the outside ; B,

middle layer of cir-

cular fibres as seen

on removing the

longitudinal layer
;

C, oblique fibres ex-

posed by removing
some of the fibres of

thecircular layer, the

cut edges of which,

are seen below the

lesser curvature.

c, the cardiac end

;

p, the pyloric end

;

in A, are shown the

stronger longitudinal

fibres passing along

the lesser and greater

curvatures, and all

round the pyloric

end, and the radi-

ating fibres spreading

from the end of the

gullet over the front

(and back) of the

stomach ; in B, the

nearly uniform layer

of circular fibres, in

two sets crossing each

other very obliquely

at 0, and at the car-

diac end becoming

concentric to the

centre of the great

cul-de-sac ; in C, the

oblique fibres, ob, oh',

which form a con-

tinuation of the cir-

cular fibres of the

gullet {ce) and spread

from the left side of

the cardia, gradually

merging into the

deeper circular fibres

with which finally

^hey entirely blend.

It is connected with the muscular coat by means of intervening sub-
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mncons layer so loosely as to allow of considerable movement or displace-

ment. In consequence of this, and of the want of elasticity of the

mncons membrane, the internal surface of the stomach, when that organ

is in an empty or contracted state, is thrown into numerous conyoluted.

ridges, rufjce, which are produced by the wrinkhng of the mucous,

together with the areolar coat, and are entirely obliterated by disten-

sion of the stomach. These folds are most evident along the greater

curvature, and have a general longitudinal direction.

On examining the gastric mucous membrane closely with the aid of a

simple lens, it is seen to be marked throughout, but more plainly towards

the pyloric extremity, with small depressions which have a polygonal

figure, and vary from about -a^th to Touth of an inch across, being

larger and more" oblong near the pylorus. They are the enlarged mouths

of the tubular glands "uith which the mucous membrane of the stomach

is beset.

Towards th.e pyloric region of the stomacli these depressions are larger and

deeper, and their margins are elevated into pointed processes, which might be

comi:)ared to rudimentary villi, but the perfect forms of those ap^Dendages exist

only in the small intestine, and make their appearance in the duodenum, imme-
diately beyond the pyloms.

Epithelium of the surface.—The thick stratified epithelium of the

oesophagus passes al}ruptly at the cardia into a simple layer of columnar

epithelium, which completely covers the inner surface of the stomach,

Fig. 514.

—

Epithelium of the surface of the stomach ex- Fig. 514.

AMiNED FRESH (Heidenhain). Highly magnified.

and extends to a variable distance into the mouths of

the gastric glands. The transition of the stratified

into the columnar epithelium occm's quite suddenly,

the lowermost columnar cells of the stratified epithe-

lium passing into the single colmnnar layer of the gastric surface, and
all the other layers of the stratified ejDithelium ceasing abrujotly.

The epithelial cells of the surface of the stomach differ in some respects from
the columnar epithelium of the intestine. They are more elongated in form, and.

in inactive conditions of the organ they exhibit two parts, the attached end of

the cell being granular, the free part—that turned towards the inner surface of

the organ—occupied by a clear, muco-albuminous substance (mucigen). Moreover,

there is no striated border as in the intestinal cells. The clear substance swells

and is discharged from the cell during digestion, leaving empty the part of the

cell which contained it, and a similar change is produced by water and various

other reagents. Between the smaller ends of the columnar cells, small, round
or oval cells occur in greater or less number, sometimes in small nests (V^^atney).

Gastric glands.—As was first shown by Sprott Boyd, the surface of

the stomach within the depressions above mentioned is dotted with small

round apertures, which are the openings of minute glandular tubules,

placed perpendicularly to the surface. On making a vertical section

of the membrane, and submitting it to microscopic examination, it is

seen to consist almost entirely of these small tubules, arranged parallel

with each other. Each mouth or duct, together with the tubules which
open into it, constitutes a gastric gland.

Some of the glands may be simple, consisting of a single tubule
VOL, II. Q Q
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throughout, but most are cleft into two or three tubules, or even, by
the branching of these, eventually into six or eight. The glands have
externally a basement membrane, composed of flattened cells joined edge

to edge, and with processes which on the one side join the retiform

tissue of the mucous membrane, and on the other side, more delicate,

extend in amongst and support the enclosed epithelium cells.

Two kinds of glands are distinguished, which differ from one another
both in the character of the enclosed cells, and, it is believed, in the

nature of their secretion. Those of the one kind (fig. 515), are

simpler in structure than the others, and being found most numerously
in the pyloric region, they have been named injloric glands. These are

Fig. 515. Fig. 515. A PYLORIC GLAND, FROJr A SECTION OF THE
dog's stomach (Ebstein).

jft, mouth ; w, neck ; tr, a deep portion of a tubule

cut transversely.

distinguished by the large size and depth of

the gland-mouth as compared with the tubules

which open into it, and by the character of the

epithelium lining the tubules. The mouth of

the gland is lined throughout by an epithelium

which is continuous with and similar to the

columnar epithelium which covers the general

surface of the stomach. But in the tubules of

the gland the lining cells are shorter and more
cubical, and are uniformly finely granular through-

out ; moreover they are filled with secretion of a

different nature from that of the surface

e23ithelium.

Amongst the cells of these glands there are occa-

sionally found others which are characterised by be-

coming darkly stained with osmic acid (Nussbaum).

They were supposed to represent the parietal cells of

the cardiac glands (see below), but this is probably

not the case.

In the glands of the second kind (figs. 516,

517)—which may be termed from the portion of

the stomach where they occur most numerously,

the cardiac glands (fundus-glandsof Heidenhain,

oxyntic * glands ofLangley)—the mouth, or part

lined witli epithelium hke that of the surface,

is comparatively short, and into it there oi^eu

two, three or more tubules which are lined throughout and almost filled

with short columnar or polyhedral cells ; these cells are in most respects

similar to the secreting cells of the pyloric glands, but are much more

coarsely granular. They were termed by Heidenhain the principal cells

of the glands ; they are also known as the ce?itral cells. Between these

cells and the basement membrane of the tubule other cells of a different

* From 6^vs, acid ; since they contain the cells which produce the acid of the gastric

ae.retion.
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Kg. 517.

Fig. 516.

Tig. 516.—^A CARDIAC GLAND OF
SIMPLE FORM, FROM THE BAT's
STOMACH (Langley).

Osmic acid preparation.

c, columnar epithelium of the
surface

; n, neck of the gland
with central and parietal cells

;

/, base or fundus, occupied only
by

_
principal or central cells,

which exhibit the granules accu-
mulated towards the lumen of the
inland.

HisifjSinTfitl
"'""'"' "''"' """ "" '"'''•' '^"'"^«'' (Kiel- and Noble Smith).

Q Q 2
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nature are interpolated in the cardiac glands. These are the superadded,

pcmetal or oxyniic cells. They were long thought to be the only cells of

the cardiac glands, and were on that account known as " pejitic cells,"

a term which must now be entirely discarded.

The parietal cells are rather more closely arranged in the neck of the

gland than elsevrhere. They usually cease abruptly at the upper part of

the neck, but occasional cells may be found under the columnar epithelium

of the mouth or even of the general surface.

In some animals (porpoise, pig) the parietal cells lie each, in a special pit>

fomied by the basement membrane, and communicating -with the rest of the

gland only by a narrow orifice. In the glandular stomach of birds they line

secondary tubules which lead out of the main tubule, this alone being lined

by principal cells. In the frog and other amphibia the cardiac glands have only
parietal or oxyntic cells, the principal cells being altogether absent, but glands
containing cells Avhich are similar in appearance and function to the principal

cells of the stomach are fotmd in the oesophagus.

The parietal cells have a finely granular appearance in the fresh condition, but
in the gland hardened in alcohol are much darker and more granular looking.

This appearance is due, according to Klein, not to the presence of actual granules

within the cells, but to the existence of a close and uniform intracellular net-

work (fig. 617). They are very readily stained by many colouring matters,

especially by aniline blue.

The cells of the gastric glands undergo changes during the functional activity

of the organ which are strictly comparable to the changes that have been de-

scribed in the cells of the serous salivary glands. The principal cells of the

cardiac glands—which dui-ing rest are in some animals granular throughout, and in

others have a small outer zone clear of granules—become distinctly diiferentiated

into two zones during activity, some of the granules becoming dissolved and dis-

charged with the secretion, and the rest tending towards the lumen of the gland

so as to leave the outer half or third of the cell clear of granules (fig. .51G).

After digestion has ceased the outer parts of the cells become again partially or

wholly occupied by granules (Langley).

Both the central cells and the parietal cells undergo, according to Heidenhain,

a chang-e of size during digestion, becoming at first somewhat enlarged and sub-

sequently shrinking to even less than their original volume. The changes occur

a little later in the parietal than in the central cells.

The secreting cells of the pyloric glands undergo changes which are similar to

those of the central cells of the cardiac glands.

Between the glands and at their base the mucous membrane consists

of delicate connective tissue with retiform lymphoid tissue in small

amount.
A thin layer of plain muscular tissue {nmscularis mucosa) bounds the

mucous membrane externally, separating it from the submucous tissue.

It consists of more than one stratum (an outer longitudinal and an inner

ck'cular), and is better marked in some animals than in man. Offsets

pass from it between the gastric glands towards the surface of the mucous
membrane.

LympliGid. follicles.—The stomachs of young persons sometimes present a
mammillated aspect, due to little elevations of the surface, which are produced
by local accumulations of lymphoid tissue, and somewhat resemble the solitary

follicles of the intestine in apisearance. The lymphoid accumulations in question
are situated amongst the glands, and do not extend into the submucous tissue

;

they are not bo distinctly circumscribed as those of the intestine, but fade off into
the surrounding- retiform tissue. They are most numerous at the junction of the
stomach and small intestine (Watney).
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"Vessels and Nerves.—The stomach is a highly vascular organ. Its arterial

branches, derived from all three divisions of the coeliac axis, reach the stomach
between the folds of the peritoneum, and form, by anastomosing together, two
principal arterial arches, which are placed along- its two curvatures. After rami-

fying between the several coats and supplying them mth blood (especially givmg"

off numerous capillaries to the muscular coat) and after dividing into very small

vessels in the submucous areolar tunic, the ultimate ai^terial branches (fig. .518, a)

enter the mucous membrane, and ramifying freely, pass between the tubuli
;

here they form a plexus ((T) of fine capillaries upon the walls of the tubules ;

and. from this plexus larger vessels pass into a coarser capillary network
around the mouths of the glands. The vcim, fewer in number than the arteries,

arise from the latter network, and take an almost straight coui'se (<?, c) through

Ficr. 518. Fi?. 519.

iiliiiii

Uig. 518.

—

Plan of the blood-vessels op the stomach (from Brinton),

a, small arteries passing to break up into the fine capillary network, d, between the

glands ; h, coarser capillary network aroimd the mouths of the glands ; c, c, veins passing

vertically downwards from the superficial network ; c, larger vessels in the submiicosa.

The arteries in the deeper parts do not anastomose as here represented.

Fig. 519.

—

Lymphatics of the human gastric mucous membrane, injected (from

Loven).

The tubules are only faintly indicated ; a, muscularis mueosse ; &, plexus of fine vessels

at base of glands ; c, i^lexus of larger, valved lymphatics in submucosa.

the mucous membrane between the glands. After piercing the muscularis mucosas

and forming a wide venous plexus in the submucous tissue, they return the residual

blood into the splenic and superior mesenteric veins, and also directly into the

vena portss.

The lijmpliatlcs are very numerous. As shown by Loven, they arise in the

mucous membrane (fig. .519) by a dense network of lacunar spaces, situated be-

tween and amongst the gland-tubuli, which, as well as the blood-vessels, in

many parts they enclose in sinus-like dilatations. jSTear the surface of the

membrane the lymph is collected into vessels which form loops or possess dilated

extremities ; these vessels are less superficial than the blood-capillaries, although
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the lacunar spaces extend as far as the basement membrane of the smface. At
the deeper part of the mucous membrane the interglandular lymphatics pass

into a plexus of fine vessels (Z*), immediately underlying the tubular glands
;

then piercing the muscularis mucosae {a), they form a coarser, more deeply-

seated network (<?) in the submucous coat, the vessels of this network being

provided with valves. Thence efferent lymphatics proceed and, piercing the mus-
cular coats, follow the direction of the blood-vessels beneath the peritoneal in-

vestment, and traverse lymphatic glands found along the two curvatures of

the stomach.

The oicrvcs, which are large, consist of the terminal branches of the two
pneumo-gastric nerves, belonging to the cerebro-spinal system, and of offsets from
the sympathetic system, derived from the solar plexus. The left pneumo-gastrie
nerve descends on the front, and the right upon the back of the stomach.

Numerous small ganglia have been found by Remak and others on both the

pneumo-gastric and sympathetic twigs. The nerves form gangliated plexuses

both between the layers of the muscular coat and in the submucous coat.

Their ultimate ending has not been traced.

Tlie pylonas.—While there is no special apparatus at the cardiac

orifice of the stomach for closing the passage from the cesophfigiis, the

opening at the pyloric end, leading from the stomach into the duo-
denum, is proyided with a sphincter muscle. On looking into the pyloric

end of the stomach, the mucous membrane is seen jDrojecting in the

form of a circular fold, called the pylorus, leaving a correspondingly

narrow opening (fig. 533, ])). Within this fold are circular muscular
fibres, belonging to the general system of circular fibres of the

alimentary canal, which are here collected in the form of a strong band,

whilst the longitudinal muscular fibres and the peritoneal coat pass

over the pyloric fold to the duodenum, and do not enter into its forma-
tion (fig. 512). Externally the pylorus may be easily felt, like a thick-

ened ring, at the right end of the stomach, where also a slight external

constriction is visible. Internally its opening is usually circular and
less than half an inch across, so that it is the narrowest part of the whole
alimentary canal.

Occasionally the orifice is oval, and it is often placed a little to one side.

Sometimes the circular rim is imperfect, and there are found instead two
crescentic folds, placed one above and the other below the passage (Huschke) ,•

and, lastly, there is occasionally but one such crescentic fold.

When the sphincter is contracted the longitudinal fibres covering it are bowed
inwards, and these, if they contract at the same time that the sphincter muscle
relaxes, will tend to dilate the orifice.

Hecent Literature of the Stomach.—Form and position.

—

Strutters, in MontLly
Journ. of Med. Sci., 1851, and Edinb. Med. Jotu-n., 1861 ; Betz, in Viertelj. f. d. prakt.

Heiik., 1873 ; Braunc " Ue. d. Eewegl. d. Pylorns," Leipzig, 1873 ; Bis, in Arch. f.

Anat. (u. Pliys.), 1878 ; Lesshaft, Virch. Arch., LXXXVIL, and Trans, of Intern.

Med. Congress, 1881.—Structure.

—

Ilcidmlunn, in Arch. f. mikr. Anat., VI. 1870, and
article " Absonderung," in Hermann's Handbiicli, 1880; Ehstcin, in Arch. f. mikr.

Anat., VI. 1870 ; Klein, in Strieker's Handbook, 1871 ; Eollct, in Graz Unters, 1871 ;

Loxtn, (lymphatics) in Nord. Med. Ark., 1873 ; Biedermann in Wiener Sitznngsb., 1875
(surface e]pitlielinm) ; Walney, in Phil. Trans., 1876; Partsch, in Arch. f. mikr. Anat.,

XIV. 1877, XVII. 1879 ; Sewall in Journ. of Pliysiol. I. 1878, (devel. of glands)
;

Nussbaum; Arch. f. mikr. Anat., XVI. 1879 ; Edinger, ibid., XVII. 1879 ; Griitzncr, in

Pfliiger's Arch., XX., 1879; Langley and (S't'JcaZZ in Journal of Physiol. II., 1879, and
Proc. Roy. Soc, 1879 ; Stohr, in Wurzb. Verliandl., 1880, and Arch. f. mikr. Anat.,

XX. ; Toldt, in Wiener Sitzung.sb. , 1880 (dev. of glands) ; Jief/eczky in Avch. f. mikr.

Anat., XVIIL, 1880 (cilia on epitlielium in some animals) ; Langley, Phil. Trans., ISSl

;

and Journ. of Physiol. 111., 1882,
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THE SMALL IDSTTESTINE.

The small intestine (fig. 520 d, j, i) commences at the pylorus,

and after many convokitions terminates in the large intestine. It

measm-es on an average about t^yenty feet in length in the adult, and
gradually becomes slightly narrower from its upper to its lower end.

Its convolutions occupy the middle and lower part of the abdomen, and

Fig. 520.

—

Diagram of the abdomi-

nal PART OP THE ALIMENTARY
CANAL (Brinton).

c, the cardiac, and p, the pyloric end
of the stomach (this organ is represented

in too horizontal a position) ; i>, the

duodenum ; j, i, convolutions of the

small intestine ; cc, czecum, -with the

vermiform process ; Ac, ascending, to,

transverse, and DC, descending colon

;

SF, sigmoid flexure ; k, rectum ; a, anus.

are surrounded bythe large intes-

tine. They are connected with

the back of the abdominal
cavity, and are held in their

position by a fold of the peri-

toneum, named the mesentery,

and by numerous blood-vessels

and nerves.

The small intestine is arbitra-

rily divided into three portions,

which have received different

names ; the first ten or twelve

inches immediately succeeding

to the stomach, and compre-
hending the widest and most
fixed part of the tube, being

called the duodenum, the upper
two-fifths of the remainder being

named the jejunum, and the

lower three-fifths the ileum. There are no distinct lines of demarcation
between these three parts, but there are certain peculiarities of connec-
tion and certain differences of internal structure to be observed in com-
paring the upper and lower ends of the entire tube, which will be
pointed out after it has been described as a whole.

STRUCTURE OF THE SMALL INTESTINE.

The small intestine, like the stomach, is composed of four coats, viz.,

the serous or peritoneal, muscular, areolar, and mucous.
The external or serous coat almost entirely surrounds the intestinal

tube in the whole extent of the jejunum and ileum, leaving only a narrow
interval behind, where it passes off and becomes continuous with the

two layers of the mesentery. The line at which this takes place is

named the attached or mesenteric 'border of the intestine. The duodenum,
on the other hand, is but partially covered by the peritoneum.
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The muscular coat consists of tvro layers of fibres ; an outer longi-

tudinal, and an inner or circular set. The hngitudinal fibres constitute

an entire but comparatively thin layer, and are most obvious along- the free

border of the intestine. The circular layer is thicker and more distinct.

The muscular tunic becomes gradually th-inner towards the lower part of the
small intestine. It is pale in colour, and is composed of plain muscular tissue,

the cells of which are of considerable length. The progressive contraction of
these fibres, commencing in any part of the intestine, and advancing in a down-
ward direction, produces the peculiar vermicular or lycr'istaltic movement by
which the contents are forced onwards through the canal. In the narrowing
of the tube the circular fibres are mainly concerned, the longitudinal fibres

tending to produce dilatation (Exner) ; and those found along the free border
of the intestine may have the effect of straightening or unfolding its successive

convolutions.

The submucous coat of the small intestine is a layer of areolar tissue

of a loose texture, which is connected more firmly -with the mucous than
with the muscular coat.

Fig. 521. Fig. 521. POUTION OP SMALL
INTESTINE LAID OPEN TO SHOW
THE VALVULE CONNIVENTES (Bdn-
ton).

The internal coat or mucous
membrane, is characterised

by presenting all over its inner

surface a finely flocculent or

shaggy appearance, like the pile

upon velvet, owing to its being
thickly covered with minute

processes, named vUM. It is one of the most vascular meuibranes in the

body, and is naturally of a reddish colour in the upper part of the small

intestine, but is paler, and at the same time thinner, towards the lower
end. It is lined with columnar epithelium throughout its whole extent,

and next to the submucous coat is bounded by a layer of ]-»lain muscular

tissue {muscularis mucosce) • between this and the epithelium the sub-

stance of the membrane, apart from the tubular glands which will be after-

Avards described, consists mainly of retiform tissue which supports the blood-

vessels and lacteals, and encloses in its meshes numerous lymph-corpuscles.

In the lining membrane of the small intestine, however, there exist

besides small eff'aceable folds or ruga3, other permanent ones, which cannot

be obliterated, even Avhen the tube is forcibly distended. These perma-
nent folds are the valvules conniventes, or valves of Kerkring
(fig. 521). They are crescentic projections of the mucous membrane,
placed transversely to the axis of the bowel, each of them reaching

about one-half or two-thirds of the distance round the interior of the

tube, and they follow closely one upon another along the intestine. The
largest are about '2\ inches long and ^ of an inch wide at the middle

or broadest part.

Large and small valvula3 conniventes are often found to alternate with each

other. Some of them are bifurcated at one end, and others terminate abruptly,

appearing as if suddenly cut off. Each consists of a fold of the mucous mem-
brane, that is, of two layers placed back to back, united together by the

submucous areolar tissue. They contain no part of the circular or of the
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longitudinal mnscular coats. Being- extensions of the mucous membrane, they
serve to increase the absorbent surface to which the food is exi^osed.

There are no valvulte conniventes quite at the commencement of the
duodenum ; a short distance from the pylorus they begin to appear ; beyond
the point at which the bile and pancreatic juice are poured into the duodenum.
they are very large, regularly crescentic in form and placed so near to each

Fig. 522.

—

^^''eb.tical section of

THE IKIESTIKAL MUCOUS MEM-
BRANE OP THE KABBIT (slightly

altered from Frey). i^'-

Two villi are represented, in

one of which the dilated lacteal

alone is sliown, in the other the

blood-vessels and lacteal are both

seeu injected, tho lacteal v/hite,

the blood-vessels dark : a, the

lacteal vessels of the villi ; a',

horizontal lacteal, wJiich they join;

6, capillary blood-vessels in one of

the villi ; c, small artery ; d, vein

;

e, the epithelium covering the

villi
; g, tubular glands or crypts

of Lieberklihn, some divided down
the middle, others cut more irre-

gularly ; i, the submucous layer.

A, cross section of three

tubular glands more highly mag-
nified.

other that the intervals between them are not greater than the breadth of one
of the valves ; they continue thus through the rest of the duodenum and along
the upper half of the jejunum ; below that point they begin to get smaller and
farther apart ; and finally, towards the middle or lower end of the ileum, having
gradually become more and more irregular and indistinct, sometimes even
acquiring a very oblicxue direction, they altogether disappear.

The villi, loecnliar to the small intestine, and givinsj to its internal

snrface the velvety appearance ah'eady spoken of, are small processes of

the mucous membrane, which are closely set on every part of the inner

surface over the valvulee conniventes, as well as between them.

The villi are usually tapered and flattened in form in the human
subject (fig. 523) : some are cylindrical or finger-shaped (fig. 525), and

have sometimes an enlarged or clubbed extremity. Occasionally two or

three are connected together at their base.

Their length varies from -J^th to y^-th of an inch or sometimes more.

They are largest and most numerous in the duodenum and jejunum, and
become gradually shorter, smaller, and fewer in number in the ileum. In
the upper part of the small intestine there are from 10 to 18 in a square

millimeter, and in the ileum from 8 to 14 in the same space. This

would give about 4 millions altogether (Krause).

A villus consists of a prolongation of the proper mucous membrane.

It is covered by columnar epithelium (fig. 524), and encloses a net-

work of blood-vessels, one or more lymphatic vessels (lacteals), and a few

longitudinal plain muscular fibre-cells, these being all supported and
held together by retiform lymphoid tissue. Under the epitheliiun is a

basement m.embrane composed of flattened cells, which on the

one hand are connected with the branched cells of the retiform tissue

and on the other hand send processes between the epithelium-cells.
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Nerves have not yet been demonstrated in the villi, although they are

probably not wanting. Each villus receives, as a rule, one small cuierial

twig, which ruus up the centre to near the middle of the villus, where it

begins to break up into a number of capillaries (fig. 523). These form
]'io-. 523.

Fig. 523.

—

Magnified A'lEW

OF THE BLOOD-VESSELS
OF THE INTESTINAIi

VILLI.

The drawing was taken
froin a preparation injected

by Lieberkiiliu, and sliows,

lielonging to each villus, a
small artery and vein witli

the intermediate capillaiy

network.

near the surface, beneath the epithelium and limiting membrane, a fine

capillary network, from Avhich the blood is returned for the most part by
a single vein, which in man commences near the tip of the villus, and
passes through the mucous membrane into the submucosa without re-

ceiving lateral twigs. The general arrangement of the vascular supply

of the villi varies considerably in different animals.

The lacteal hes in the centre of the villus (figs. 522, 524), and is in

the smaller villi usually a single vessel, with a closed and somewhat

Fig. 524.

—

Cross section op

A VILLUS of the CAT's

INTESTINE. (E.A.S.)

e, columnar epithelium
; g,

goblet cell, its mucus is seen

partly exuded ; I, lymph-cor-

fiuscles between the epithe-

lium-cells ; h, basement mem-
brane ; c, blood-capillaries

;

m, section of plain muscular
fibres; c.l, central lacteal.

expanded extremity, and
of considerably larger

diameter than the capil-

laries of the blood-vessels

around. According to

the observations of

Teichmann, there are never more than two intercommunicating

lacteals in a single villus in the human subject (fig. 525, b) ; but both

he and Frey found a copious network in the villi of the sheep. Like
the lymphatics elsewhere, the lacteals in the villi are bounded by a

delicate layer of flattened epithelial cells. These are connected with

the branched cells and cell-spaces of the tissue of the villus, and these

again with the flattened ceils which form the basement membrane ;

from the latter, prolongations extend between the epithelium-cells

towards the surface.

The muscular tissue within the villus was discovered by Briicke : it

consists of a thin stratum of plain fibre-cells disposed longitudinally
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around the lacteal ; on being sfcimulated in animals, they produce an

obvious retraction of the villus.

This muscular tissue is a prolongation from the muscularis mucosa3 ; the

fibre-cells at the sides and towards the end of the villus pass from the lacteal

to be attached to the basement membrane ; usually their attachment to this is

forked, a connective tissue corpuscle filling up the interval (Watney).

Fig. 525.

—

Injected lacteal

OF THE HUMAN INTESTINE.

mann).

VESSELS IN TWO VILLI

100 DiAMETEKS (Teich-

The lacteals are represented as filled with v\liite sub-

stance and the blood-vessels with dark, o, h, the lacteal

vessels, single in one villus and double in the other ; c,

the horizontal lacteal vessels with which those of the

villi communicate ; d, the blood-vessels, consisting of

small arteries and veins with capillary network between.

The columnar ej)ithelium cells (figs. 52G,

527), which cover not only the villi but also the

rest of the surface of the intestine and extend

into the tubular glands have already been

described luider the head of "Epithelium"
(see pp. 43 to 45).

They are set upon the surface of the basement
membrane often by a somewhat flattened extremity.

I have never been able to detect any continuity

bet'n'een their attached extremity and the branched corpuscles of the retifoiTu

tissue of the villus, "vrhich has often been supposed to exist ; on the contrary the
epithelium separates with the greatest readiness from the subjacent tissue, and
almost always with a simjDle truncated extremity, sometimes pitted but never
much branched. (E.A.S.)

Amongst the ordinary epithelium-cells are others (fig. 524, g), the outer half of

Fig 526.

Fig. 527.

'~-^—J str

2. '•

Fig. 526.

—

Columnar epithelium cells of the rabbit's ixTEbTiNE. (E. A. S.)

The cells have been isolated after maceration in very weak chromic acid. They are
much vacuolated, and one of them (2) has a fat-globule near its attached end ; the striated

border {str. ) is well seen, and the bright di.sk separating thi.s from the cell-protoplasm ;

n, nucleus vith intranuclear network ; a, a thinned out wing-like projection of the cell

which probably fitted between two adjacent ceUs.

Fig. 527.—A ROW of columnar cells from an intestinal villus of the
RABBIT. (E. A. S.)

str, striated border ; w, smaller cells between the epithelium cells, probably of the
nature of lymph-corpuscles.

which is filled with mucigen, and in some of these the mucus has become discharged
from the cell, and the free end is ruptured (goblet-cells, see p. 44). The number
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of cells containing mucus varies much in different animals and perhaps under
different conditions in the same animal. There are comparatively few in the

glands of the small intestme. During digestion of a meal containing fat the

epithelial cells become tui-lDid with minute oil-droplets in their interior ; and
at a subsequent stage branched cells within the tissue of the villus appear per-

vaded with similar fatty particles, and eventually the central lacteal becomes
filled with them. There has been much difference of opinion as to the path

taken by the fatty particles within the villus. It is possible that the amoeboid

lymph-corpuscles which are found so abundantly within the tissue of the villus,

a,nd even amongst the epithelium-cells of the surface, play an important part in the

transference of the particles from the epithelium-cells to the lacteal : and the large

amount of lymphoid tissue in the lower end of the small intestine may bear relation

to a greater power of fat absorption in that part of the gut. In the transference of

carbon particles in the lungs from the interior of the alveoli to the lymphatics, which
at least in part is due to the activity of amoeboid cells, we have an analogous process.

Other views which have been taken are (1) that the passage may occur

through the branched connective tissue corpuscles of the villus, these being
assumed to be in direct continuity w4th the fixed ends of the epithelial cells

(which is certainly not the cass). and (2) that the fat does not traverse the

epithelium-cells at all, but passes wholly between them and is taken tip by a fine

fcticulum, (not a cell-network) which extend from the interspaces between the

'epithelium-cells through the tissue of the villus to be attached to the wall of

the lacteal (Watnej^. There is, however, a difficulty in conceiving a
mechanical explanation of the passage of the fat particles along the reticulum

which Watney describes. It must be admitted that fui'ther investigations are

necessary for the elucidation of this problem.

Glands.—Two kinds of small secreting glands open on the inner sur-

face of the intestine, viz., the ciypts of Lieberktihn, and Brunner's

glands, the last being peculiar to the duodenum. In addition to these,

numerous lymphoid nodules are found, which are either scattered and
isolated (solitary glands) or collected into patches (Peyer's glands).

The crypts of Iiieberkuhn, the smallest but most numerous of these

glandular structures, are found in every part of the small intestine,

opening on the surface between the villi (fig. 522, g). They consist of

Fig 528 Fig. .'')28.

—

Ltjiphoid or rstiforh tissue

OF THE INTESTINAL MUCOUS MEMBRANE OP

THE SHEEP (from Frey). Magnified 400
DIAMETERS.

Cross section of a small fragment of the

mucous membrane, including one entire crypt

of Lieberkiihn and parts of several others : a,

cavity of the tubular glands or crypts ; h, one

of the lining epithelial cells ; c, the Ij'mphoid

or retiform spaces, of which some are empty,

and others occupied by lymph-cells as at d.

minute tubes, closed at their attached

extremity which is slightly enlarged,

and placed more or less perpendicularly

to the surface, upon which they open

sometimes two or three together. The crypts of Lieberkiihn vary in

length from the ^^\h. to the i-hjth of an inch, and their diameter is

about eJ^th of an inch. They are longest in the duodenum. The walls

of the tubes are formed of a basement membrane, lined with a columnar

epithelium, (fig. 528).
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Erunner's glands are small compound acino-tubiilar glands, "n^hicli

exist in tlie duodenum, where they are most numerous at the upper end,

in general occupying thickly a space extending from one to two inches

beyond the pylorus. A few of them are said also to be found quite at

the commencement of the jejunum. They are imbedded in the sub-

mucous coat, and may be exposed by dissecting off the muscular coat

from the outside of the intestine. In structure they somewhat resemble

the small glands which are found in various parts of the lining membrane
of the mouth and elsewhere, each consisting of a number of tubular

alveoli, connected by the terminal ramifications of the duct, which latter

penetrates the muscularis mucosa?, and opens upon the inner surface of

the intestine. In sections through the jjylorus the glands of Brunner
appear like direct continuations of the pyloric glands of the stomach

^VVatney), which they closely resemble in structure, but are somewhat
more complicated and more deeply seated.

The solitary glands are soft, white, rounded, and slightly prominent

bodies about the size of a millet-seed, which are found scattered over

the mucous membrane in every part of the small intestine. They are

found as well at the mesenteric as at the free border, both between and
upon the valvulEe conniventes, and are rather more numerous in the

lower portion of the bowel. These so-caUed glands are in structure

similar to the lymphoid nodules of various parts ah'eady described, con-

sisting of clumps of dense retiform tissue, the meshes of which are

closely packed with lymph-corpuscles and pervaded by fine capillaries.

They are here and there united at the sides with the surrounding
lymphoid tissue, but are at most points distinctly marked off from it,

partly omng to the fact that their supporting retiform tissue becomes
closer and finer, partly owing to their being surrounded by a rich

plexus of lymphatic vessels ; or they even hang, as it were, into

a lymphatic (or lacteal) sinus, w^hich may entirely surround the nodule,

except next the inner surface of the intestine. The epithelium over the

nodule often has a large number of lymph-corpuscles between the

epithehal cells. The base of the nodule or follicle is situated in the

submucous tissue ; but it extends upwards, tiirough the muscularis

mucosse, into the mucous membrane, causing a bulging of this towards
the interior of the gut (as in fig. 531, dd). The prominent part of the

folhcle sometimes has villi upon it, and, placed around very irregularly,

are seen the mouths of the crypts of Lieberkiihn.

The agminated glands or glands ofPeyer (who described them in

1G77), are groups or patches of lymphoid nodules. The groups have
an oblong figure (fig. 529), and vary from half an inch to two or even
fom' inches in length, being about an inch, or rather less, in width :

they are placed lengthways in the intestine at that part of the tube
most distant from the mesentery ; and hence, to obtain the best

view of them, the bowel should be opened by an incision along its

attached border.

The lymphoid nodules which by their aggregation make up a Peyer's

patch are in almost aU respects similar to the solitary glands above
described. As a rule their surface is free from villi, and the crypts

of Lieberkiilm are collected in circles around them. Fine blood-vessels

are distributed abundantly on the exterior of the follicles, and give off

still finer capillary branches, which, supported by the retiform tissue,

are disposed principally in lines converging to the centre (fig. 530).
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The lacteal plexuses, which are abundant in the whole extent of the

intestine, are especially rich where they surround the follicles of Peyer's

Fig. 529.—A SMALL PATCH OP Peyer's glands
i'ROil THE ILIUM. SLIGHTLY MAGNIFIED (Bcelim).

glands (fig. 531), often forming sinuses

around them, as in the case of the solitary

follicles above described.

In all, from twenty to thirty of these oblong
patches may in general be found : but in young
persons dying in health, as many as forty-five

have been observed. They are larger and placed

at shorter distances from each other in the lower
part of the ileum ; but in the upper portion of

that intestine and in the lower end of the
jejunum the patches occur less frequently,

become smaller, and are of a nearly circular

form ; they may, however, be discovered occa-

sionally in the lower portion of the duodenum.
Still smaller Irregularly shaped clusters of these

follicles are sometimes found scattered through-
out the intestine.

The glands of Peyer arc best marked in the
young subject. After middle life they become
less obvious, and disappear almost completely

in advanced age, their remains being often indi-

cated by dark colouration of the mucous
membrane.

Vessels and Nerves.—The branches of the mesenteric artery, having reached

the attached border of the intestine, ]3ass round its sides, dividing into numerous

Fig. 530. Fig. 530.

—

Portion op an
INJECTED Peyer's patch
(from Kolliker). Mag-

% EIFIED.

The drawiDg was taken

from a preparation made by
Fray of the intestine of the

rabbit. It represents the

fine capillary network sjjread-

ing fi'om the surioiuiding

blood-vessels into tlie inte-

rior of three lymphoid
nodules.

ramifications and fre-

quently anastomosing at

its free border. Most of

tlie larger branches run
immediately beneath the

serous coat ; they then
pierce the muscular coat,

supplying it with vessels

as they pass, and ramify

in the submucous areolar

layer, so as to form a
close network, from

which still smaller vessels pass on into the mucous coat, and terminate in the

capillary network of the folds, viUi, and glands of that membrane. The fine



VESSELS AND NERVES OF SMALL INTESTINE. 607

capillaries of the muscular coat are an-anged in two layers of oblong meshes,
which, correspond in direction with the longitudinal and circular muscular fibres.

The veins accompany the arteries.

The lijuiphntics of the intestine (lacteals) may be conveniently distinguished

as those of the mucous membrane, and those of the muscular coat. Those of

th3 mucous membrane form a copious plexus (fig. 531) which receives the

central vessels of the villi and pervades both the mucous and submucous layers

—in the latter being of considerable size, and foi-ming, as before mentioned, a
close plexus or a sinus around the base of each lymphoid follicle. Another set of

lymphatics lies under the peritoneal coat, and is especially developed along a
narrow strip at the attachment of the mesentery. In the muscular coat, the main
jdIcxus is situated between the circular and longitudinal layers of fibres (fig. 532, 1);

and there are likewise close plexuses threading the whole thickness of the muscu-
lar wall. These lymphatics of the muscular coat are in complete continuity with
those of the mucous membrane, and pass into larger vessels at the mesenteric
border,which again run into the lacteal vessels of the mesentery.

Fig. 531.

Fig. 531.

—

Vertical section op a portion of a patch of Peter's glands, with
THE lacteal vessels INJECTED (after Frey). 32 diameters:

The specimen is from the lower part of the ileum : a, villi, with their lacteals left

white ; &, some of the tubular glands ; c, the muscular layer of the mucous membrane
;

d, cupola or projecting part of the nodule ; e, their central part
; f, the reticulated

lacteal vessels occujjying the lymphoid tissue between the nodules, joined above by
the lacteals from the villi and mucous surface, and passing below into g, the reticulated

lacteals under tlie follicles, which again pass into the large, efferent lacteals, j' ; i, part

of the muscular coat.

Tlie iiervcx of the small intestine are chiefly derived from the superior

mesenteric plexus. This plexus is formed by nervous branches, from the coeliac

plexus, the semilunar ganglion, and from the vagus nerve. The plexus and
plexiform branches into which it divides cling at first very closely to the larger

divisions of the superior mesenteric artery, and, dividing similarly with the

ramifications of the arteries, the branches of the nerves, retaining still a wide
plexiform arrangement, pass onwards to the different parts of the intestine between
the two folds of the mesentery, and finally, separating somewhat from the blood-

vessels, reach the intestine in very numerous branches to be distributed in its

coats. Passing first between the longitudinal and circular layer of the muscular
coat, they here form a close gangUated plexus throughout the whole extent of
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the intestine (fig. 532, oi, as exMbited under a low power). This, which is known
as the plexus of A-dcrbacli, or the plexus inyentericu^s, and which is princiiDally

composed of non-meduUated fibres, gives oif fine branches to the muscular

substance, these first forming a smaller plexus amongst the muscular fibres.

Other larger branches pass between the circular bundles of fibres to reach the

submucous layer, where they form a second gangliated plexus (jjlexus of

Jleisme?-), the threads of which are much finer than those of the intermuscular

plexus.

Fiff. 532.

Fig. 532.

—

Lymphatic plexus (1) and nektotts plexus («) in the muscular coat of
THE INTESTINE (Aucrbach).

From Meissner's plexus nerve-fibres pass to be distributed to the muscular layer

of the mucous membrane, breaking up into fine fibrils which take the direction

of the fibre-cells of this layer, whilst other fine fibrils form a comjiaratively oj^en

plexus in the proper tissue of the mucous coat, and appear to send branches
towards the epithelium, but the further course of these has not been traced.

SPECIAL CHAEACTERS AND CONNECTIONS OF THE SEVEEAL PARTS
OF THE SMALL INTESTINE.

DuoDEjsruM.—This is the shortest and widest part of the small intes-

tine. In length it measures about 10 inches, and in diameter it varies

between 1| and 2 inches. In its course it describes a single large curve
of an almost circular shape l)ut moulded over the fi'ont of the ^'ertel^ral

column (see fig. 550, p. (;o5) ; the termination in the jejunum being,

in the emj)ty condition of the stomach, only a little to the left of the

commencement (Braune). The concavity embraces the head of the

pancreas.

It has no mesentery, and is covered only partially by the peritoneum.

Its muscular coat is comparatively thick, and its sub-mucous layer

towards the pylorus is the seat of the glands of Brunner, already
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described. The common bile-duct and the pancreatic duct open into

this part of the intestinal canal.

Three portions of the duodenum are described by anatomists.

The first, or siqjerior portion, about two inches long, extends from

the pylorus upwards, backwards, and to the right, as far as beneath

the neck of the gall-bladder, where it bends suddenly downwards.

The first portion of the duodenmn is for the most part moYeable,

Fig. 533.

—

View of the duodeuttm prom
BEFORE (slightly altered from Luschka). j

12, the twelfth dorsal vertebra and rib ; Ij

3, 4, 5, transverse processes of the first, third,

fourth, and fifth left lumbar vertebrse ; 2,

that of the second on the right side ; a, a, the

abdominal aorta above the cceliac axis and also

near the bifurcation ; m, supei'ior mesenteric

artery ; v, v, the vena cava above the renal

veins and near the bifurcation
; p, placed on

the first part of the duodenum, points to the

jjyloric orifice seen from the side next the

stomach, of which a small part is left con-

nected with the intestine ; d, on the descend-

ing or second part of the duodenum, indicates

tlie termination of the common bile-duct and
the pancreatic duct ; d', the third or oblique

part of the duodenum
; j, the commencement

of the jejunum. (This is represented as

drawn over to the left, instead of curving

forward as is actually the case.

)

Fig. 533.

and invested by peritoneum lilce the stomach. Above, and in front of

it, are the liver and gall-bladder, and it is commonly found stained by
the exudation of bile from the latter a few hours after death. Behind
it is the biliary duct, with the blood-vessels passing up to the liver.

The second, or descending portion, commencing at the bend below the

neck of the gaU-bladder, passes downwards as low as the second or third

lumbar vertebra, where the bowel tmnis across to the left to form the

third portion. This part of the duodenmn is invested by the perito-

neum on its anterior surface only,—the posterior surface being con-

nected to the right kidney, the renal vessels and the vena cava by
areolar tissue. In front is the transverse colon and mesocolon, which
is continuous with the peritoneal covering of the duodenum. To the

left is the head of the pancreas (see fig. 551, p. 635), which adapts itself to

the shape of the intestine on that side, and, according to Verson, some of

the longitudinal muscular fibres of the gut are intercalated amongst the

contiguous lobules of the gland. The common bile-duct descends

behind the left border of this part of the duodenum, and the pancreatic

duct, accompanies it for a short distance. In the interior the valvule

conniventes appear numerously ; and a downwardly projecting, papillary

eminence of the mucous membrane is found immediately below one of

these, about four inches below the pylorus, on the inner and back part

of the intestine, at the apex of which is seen the common orifice of the

biliary and pancreatic ducts.

The third, transverse or oblique portion {d), somewhat the longest and
narrowest, beginning on the right of the third lumbar vertebra, crosses in

front of the second vertebra obliquely from right to left, finally making a
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short turn to the right and forwards. It makes its appearance below the

transverse mesocolon, and, continuing to ascend for an inch or more,
ends in the jejunum (j) at the left side of the vertebral column, imme-
diately behind the root of the transverse mesocolon, and the commence-
ment of the mesentery, these being covered by the stomach. It has the

vena cava inferior and the aorta behind it, while in front of it the

superior mesenteric vessels (ni) pass from beneath the pancreas to enter

the mesentery.

At its termination tlie duodenum turns abruptly forwards to he continued into

the jejunum. It is maintained, at tliat point, in its position, by a strong fibrous

band descending from the left crus of the diaphragm and the tissue around the
coeliac axis. According to Treitz, lalaiii muscular fibres come from both these

sources to this part of the duodenum. In subjects in which the intestines are

large and dilated, the curve of the duodenum may descend to the level of the

iliac crest, but, owing to the support given by the band alluded to, its terminal

eztremity maintains a uniform position.

Jejunum and Ileuji.—The jejunum, originally so called from its

having been supposed to be empty after death, follows the duodenum,
and includes the upper two-fifths of the remainder of the small intes-

tine, while the succeeding three-fifths constitute the ileum, so named
from its numerous coils or convolutions. Both the jejunum and the

ileum are attached and supported by an extensive fold of peritoneum
termed the mesentery. The mesentery of the small intestine, although

greatly frilled out in front to correspond in length with the jejunum
and ileum to which it affords support, is attached posteriorly by a very
short border which extends from the level of attachment of the trans-

verse colon immediately to the left of the middle line, directly down to

the right iliac fossa, where the ileum falls into the csecum. At its

widest part the length of the mesentery is from four to six inches

between its vertebral and its intestinal border. Between the two layers

of peritoneum of which it consists, are placed, besides some fat, numerous
branches of the superior mesenteric artery and vein, together with

nerves, lacteal vessels, and mesenteric glands. The convolutions of the

jejunum are situated in part of the umbilical and left lumbar and iliac

regions of the abdomen ; while the ileum occupies part of the umbilical

and right lumbar and iliac regions, together with the hypogastric, and
its lower part descends into the pelvis supported by a short mesentery.

From here it ascends obliquely to the right and somewhat backwards,

over the corresponding psoas muscle, and ends in the right iliac fossa, by
opening into the inner side of the commencement of the large intestine.

The character of the intestine gradually changes from its upper to its

lower end, so that portions of the two intestines, remote from each other,

present certain well-marked differences of structure. Thus, the ileum is

narrower ; its coats are thinner and paler ; the ^'alvulfe conniventes are

small, and ^Tadually disappear towards its lower end ; the villi are

shorter ; and the groups of Beyer's glands are larger and more numei'ous.

The diameter of the jejunum is about one inch and a half, that of the

ileum about one inch and a quarter. A given length of the jejunum
weighs more than the same of the ileum.

At a point in the lower part of the ileum it is not very uncommon to find a

pouch or diverticulum given off from the main tube. The origin of these
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diverticula is probably connected Tvitli tlie persistence of a part of the vitelline

duct of early foetal life. They are not to be confounded with hernial protrusions

of the mucous membrane, which may occur at any point.

Eecent Literature of the small Intestine.

—

Verson, in Strieker's Handbook,
1871 ; Seller, in Ber. d. Sachs. Gresellsch., 1872 (blood-vessels) ; Scliwalhe, in Arch.

f. mikr. Anat., VIII., 1872 (Brunner's glands); Seidenhain, in Arch. f. mikr. Anat.,

VIIL, 1872 (Brunner's glands), and article in Hermann's Handb., 1881 ; Tkannhofer, in

Pfliiger's Arch., YIIL, 1873, and Med. Centralbl., 1876 (fat absorption) ; //. Watney, in

Med. Centralbl., 1874, and Phil. Trans., 1876 (strncture of alimentary canal, and fat

absorption) ; Defois, in Rev. d. sci. med., 1874 (vessels) ; Ginitzner, in Pfluger's Arch.,

1876 (Brunner's glands); Winiioarfer, in Wiener Sitzungsb., 1876 (lacteals) ; Exner,

in Wiener Sitzungsb., 1877 (action of longit. muscles); Klose, Dissert., Breslau, 1880
(crypts of Lieberkiihn) ; Hoffmann, Dissert., Miinchen, 1878 (solitary glands),

THE LAHGE nSTTESTINE.

The large intestine extends from the termination of the ileum to the

anns. It is divided into the cascum (with the vermiform appendix), the

colon and the rectum ; and the colon is again subdivided, according to

its direction, into four parts, called the ascending, transverse, and descend-

ing colon, and the sigmoid flexure (fig. 520).

The length of the large intestine is usually about 5 or G feet ; being
about one-fifth of the whole length of the intestinal canal. Its diameter,

which for the most part greatly exceeds that of the small intestine, varies

at different points from two inches and a half to about one inch and a
half. It diminishes gradually from its commencement at the caecum to

its termination at the anus ; excepting that there is a weU-marked dila-

tation of the rectum just above its lower end.

In outward form, the greater part of the large intestine differs

Fig. 534.

—

Outline sketch op a sec-

tion OF the ascending colon (Allen

Thomson), f

s, serous covering ; s', s', reflection of

this at the attached border forming a

short wide mesentery, between the folds

of which the blood-vessels are seen jjass-

ing to the colon ; a, one of the appen-

dices epiploicEe hanging from the inner

border ; I m, indicates at the free border

one of the three bands formed by the

thickening of the longitudinal muscular

coat ; the dotted line continued from the

margins of these bands represents the

remainder of the longitudinal muscular

coat, and the thick line within it

marked c m, represents the circular miis-

cular layer ; in, the mucous membrane
at the flattened part ; r, the crescentic

bands or indentations which divide the

sacculi.

remarkably from the small intestine ; for, instead of constituting an.

even cylindrical tube, its sm'face is thrown into numerous sacculi,

marked off from each other by intervening constrictions, and arranged
in three longitudinal rows, separated by three strong flat bands of longi-

tudinal muscular fibres. This sacculated stnioture is not found in the

rectum.
B E 2
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STEUCTURE OP THE LAEGE INTESTINE.

The large intestine has four coats, hke those of the stomach and
small intestine, namely, the serous, muscular, suhmucous, and mucous.
The serous coat is for the most part similar to that of the small in-

testine, except that, along the colon and upper part of the rectum, it is

prolonged into numerous little projections, which enclose a certain
amount of fat, and are termed appendices efnj^Ioicce.

Fig. 535.

Fig. 535.— Glands of the large intestine. Magnified (from Heidenhain and
Klose).

«, of the rabbit ; b, of the dog. c, transverse section of a gland of the dog.

The muscular coat, like that of the other parts of the intestinal canal,

consists of external longitudinal and internal circular fibres.

The lojigitudmal fibres, although found in a certain amount all round

the intestine, are, in the caecum and colon, more thickly collected into

three remarkable flat longitudinal bands (fig. 534, Im ; fig. 520). These

bands, sometimes called the ligaments of the colon, are about half an

inch wide, and half a line thick ; they commence upon the extremity of

the ctBCum, at the attachment of the vermiform appendix, and may
be traced along the whole length of the colon as far as the commence-
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raent of the rectum, where they spread out, so as to sui-round that part of

the intestinal tube with a uniform layer of longitudinal muscular
fibres. One of these bands, the ^^osterior, is placed along- the attached

border of the intestine ; another runs along its anterior hovdev, aiid, in

the transverse colon, corresponds with the attachment of the great

omentum ; whilst the third band (inner) is found on the inner border

of the ascending and descending colon, and on the uuder border of the

transverse colon. It is along the course of this third band that the

appendices epiploicte are most of them attached (fig. 534, a). Measured
from end to end, these three bands are shorter than the intervening

parts of the tube ; and the latter are thus tln'own into the sacculi al-

ready mentioned : accordingly, when the bands are removed by dissection,

the sacculi are entirely efiaced, and the colon, elongating considerably,

assumes the cylindrical form. The transverse constrictions seen on the

exterior of the intestine, between the sacculi, appear on the inside as

sharp ridges separating the cells, and are composed of all the coats. In
the vermiform appendix the longitudinal muscular fibres are disposed in a

uniform layer.

The circular muscular fibres form only a thin layer over the general

surface of the csecum and colon, but are accumulated in larger numbers
between the sacculi. In the rectum, especially towards its lower part,

the circular fibres form a very thick and powerful muscular layer.

The submucous or areolar coat resembles in all respects that of the

small intestine.

The mucous membrane differs from that of the small intestine in

Fig. 536.

—

Blood-vessels of large intestine

AS SEEN IN VERTICAL SECTION (Kollikcr).

a, artery passing up from submucosa ; c, vein

arising from capillary plexus, b, which surrounds

the mouths of the glands.

being smooth and destitute of villi. View-
ed with a lens, its sm-face is seen to be
marked all over by the orifices of nume-
rous tubular glands (cryijts of Lierter-

Jculm) (fig. 535), resembling those of the

small intestine, but longer and more
numerous, and further distinguished from
them by the large number of mucus-cells

which they contain. Indeed in some
animals all the cells of these glands

may be found to be filled with mucus
(fig. 535, a) ; in others every alternate

cell presents this character, the cells be-

tween being of the ordinary columnar kind.

Fig. 536.

If the glands are stimulated to active secretion the mucus is discharged and
all the cells assume the appearance of ordraary columnar epithelium-cells (Klose/

Scattered over the whole large intestine lynvphoid nodules are found,

similar to the solitary glands of the small intestine, but less prominent.
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They are most numerous in the c^cum and its vermiform appendix

;

Tbeing placed closely all over the latter.

The epithelium which covers the general smface of the mucous
membrane is of the columnar kind, and in every respect similar to

that of the small intestine. As in the stomach the mucous membrane
consists of areolar connective tissue with a certain amount of retiforni

tissue, and is bounded next the submucous coat by a layer of plain

muscular fibres (muscularis mucosce), which sends prolongations up
between the glands to be attached to the basement membrane near the

surface, in the same way as in the villi of the small intestine.

Vessels and Nerves.—In the large intestine an arrangement of capillary-

plexuses and venous radicles obtains, similar to that which has been described

in the stomach (fig. 536). The arrangement of the lymphatics is also nearly the
same.
Nervous plexuses similar to those of the small intestine are also found in the

muscular and submucous coats of the large intestine.

SPECIAL CHAEACTEES AND CONNECTIONS OF THE DIFFERENT PARTS
OP THE LARGE INTESTINE.

The C^cum.—The intestinum ccecum, or caput ccccum coli, is that

part of the large intestine which is situated below the entrance of the

ileum (fig. 520, cc). Its length is about 2| inches, and its diameter

nearly the same : it is the widest part of the large intestine.

The CEecum is situated in the right iliac fossa, immediately behind the

anterior wall of the abdomen. It is covered by the peritoneum in front,

below, and at the sides : but behind it is usually destitute of peritoneal

covering, and is attached by areolar tissue to the fascia covering the

right iliacus muscle. In this case the c^cum is comparatively fixed ;

but in other instances the peritoneum surrounds it almost entirely and
forms a duplicature behind it, called meso-accinn.

Coming off from the inner and back part of the cEecum, at its lower

end, is a narrow, round, and tapering portion of the intestine, named
the apinndix cceci, or vermiform appendix. The width of this

process is usually about that of a large quill or rather more, and its

length varies from 3 to 6 inches, these djmensions differing much in

difl'erent cases. Its general direction is upwards and inwards behind
the CEecum ; and after describing a few slight turns it ends in a blunt

point. It is retained in its position by a small fold of peritoneum,

which forms its mesentery. The caecal appendix is hollow as far as

its extremity : and its cavity communicates with that of the ctecum

by a small orifice, sometimes guarded by a valvular fold of mucous
membrane.

So far as is known, this appendix is peculiar to man and certain of the higher

apes, and to the wombat ; but in some animals, as in the rabbit and hare, the

distal part of the casemn, being diminished in diameter and thickly studded with
lymphoid follicles, may represent a condition of the appendix.

Ileo-cs5cal or ileo-colic valve.—The lower part of the small intestine

(fig. 537, «'), ascending from left to right, and from before backwards,

enters the commencement of the large intestine with a considerable

degree of obliquity about 2-i- inches from the blind end of the CEecum.

The opening leading from the ileum into the large intestine is guarded
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by a valve composed of two segments or folds. This is the iho-ccecal

or ileo-colic valve : it is also called the valve of Bauhm and the valve

of Tulpins, althongh Fallopius had described it before either of those

anatomists.

The ileum communicates with the colon by a narrow elongated slit-like

apertm^e, lying nearly transversely to the direction of the large intestine.

^^M^

Fig. 537.

—

View of the ileo-colic Fig. 537.

A^ALA'E FROM THE LARGE INTESTINE

(after Santorini). ^

The figure shows tlie loT\'est part of the

ileiim, i, joiaing the cjecum, c, and the

ascending colon, o, which have been

opened anteriorly, so as to display the

ileo-colic valve ; a, the lower, and e, the

upper segment of the valve.

The aperture is rounded and
widened at its anterior end which
is turned slightly to the left, but

the posterior end is narrow, and
pointed. It is bounded above

and below by two prominent

semilunar folds, which project

inwards towards the ctecum and
colon. The upper of these (fig.

537, e) is horizontal, the lower

and larger (a) slightly oblique.

At each end of the aperture

these folds coalesce, and are then prolonged as a single ridge on
each side for some distance round the cavity of the intestine, form-

ing the fnma or retinacula of the valve. The opposed surfaces of

the valvular folds which look towards the ileum, and are continuous

with its mucous surface, are covered like it with ^iUi ; wliile their other

sui-faces, turned toward the large intestine, are smooth and destitute

of viUi. When the csecum is distended, the frsena of the valve are

stretched, and the marginal folds brought into apposition, so as com-
pletely to close the aperture and prevent reflux into the ileum, while at

the same time no hindrance is offered to the passage of additional

matter from thence into the large intestine.

Each segment of the valve consists of two layers of mucous membrane,
continuous with each other along the free margin, and including between
them, besides the submucous areolar tissue, a number of muscular fibres,

continued ft'om the circular fibres of the ileum and of the large intestine.

The longitudinal muscular fibres and the peritoneal coat take no part

in the formation of the valve, but are stretched across it uninterruptedly

from one intestine to the other.

The Colon.—The ascending colon, situated in the right lumbar
and hypochondriac regions, commencing at the caecum opposite to the

ileo-CEecal valve, ascends vertically to the under surface of the liver, near
the gall-bladder, where it proceeds forwards and then turns abruptly to

the left, forming what is named the hejMtic flexure of the colon. The
ascending colon is smaller than the caecum, but larger than the trans-
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verse colon. It is oyerlaid in front by some convolutions of the ileum,

and is bound down firmly by the peritoneum, which passes over its

anterior surface and its sides, and generally leaves an interval in A\'hich

its posterior sm-face is connected by areolar tissue with the fascia cover-

ing the quadratus lumborum muscle, and wdth the front of the right

kidney. In some cases, however, the peritoneum passes nearly round it,

and thus forms a distinct though very short meso-colon.

The TEANSVEESE COLON describes an arch, the convexity of which is

turned towards the anterior abdominal wall ; and it has accordingly

been named the arch of the colon. It passes across fi'om the right hypo-
chondrium, through the upper part of the umbilical region, into the

left hypochondrium. Sometimes it is found as low as the umbilicus or

even lower. At each extremity it is situated deeply towards the back
part of the abdominal cavity, but in the middle it curves forwards, and
lies close to the anterior "wall of the abdomen.

Above, the transverse colon is in contact with the under surface of

the liver, the gall-bladder, the gxeat curvature of the stomach, and the

lower end of the spleen. Below it are the convolutions of the small

intestine, the third portion of the duodenum being behind it. It is

invested by the general peritoneum, which forms a separate fold for it,

the transverse mcso-colon, and in fr'ont it adheres to the lower fold of

the sac of the omentum.
The DESCENDING COLON is contiuuous with the left extremity of the

transverse colon by a sudden bend named the s]}lenic flexure. At this

bending there is found a remarkable fold of peritoneum, the costo-colic

or pleiiro-colic ligament, w^hich stretches with a lunated fi'ee border to the

colon fi'om the diaphragm, opposite the 10th or 11th rib. As was
pointed out by Haller, it supports the spleen although unconnected with

that organ, and might be termed " sustentaculum lienis." The colon

then descends almost perpendicularly through the left hypochondriac

and lumbar regions to the left iliac fossa, where it ends in the sigmoid

flexm'e. The peritoneum affords a covering to it only in front and
at the sides, whilst behind it is connected by areolar tissue to the

diaphragm, the quadratus lumborum, and the left kidney. It is usually

concealed behind some convolutions of the jejunum.

The SIGMOID ELEXUEB of the colon, situated in the left iliac fossa,

consists of a double bending of the intestine upon itself in the form of

the letter S, immediately before it becomes continuous with the rectum
at the margin of the pelvis opposite to the left sacro-iliac articulation.

It is attached by a distinct meso-colon to the iliac fossa, and is very

movable, falling into the pelvis when the bladder is empty. It is placed

immediately behind the anterior wall of the abdomen, or is concealed

only by a few turns of the smaU intestine. The sigmoid flexure is the

narrowest part of the colon.

The Rectum.—The lowest portion of the large intestine, named the

rectum, extends fi'om the sigmoid flexure of the colon to the anus, and is

situated entirely within the true pelvis, in its back part (fig. 538, r, r).

Commencing opposite the left sacro-iliac articulation, it is directed

at first obliquely downwards, and from left to right, to gain the middle

line of the sacrum. It then changes its direction, and curves forwards

in front of the lower part of the sacrum and the coccyx, and behind
the bladder, vesiculaa seminales and prostate in the male, and at the

back of the cervix uteri and vagina in the female. Opposite the
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prostate it makes another turn, and inclines downwards and backwards

to reach the anus. Seen from the front, the upper part of the rectum

presents a lateral inclination fr'om the left to the median line of the

pelvis, sometimes passing beyond the middle to the right ; and when
viewed from the side (fig. 538), it offers two curves, one corresponding

Fk. 538.

Fig. 538.

—

Vertical section of the pelvis and its visceka in the jiale

(Allen Thomson, after Houston). J

This figure is introduced to illustrate the form, position,.and relations of the rectum
;

it also shows the bladder and urethra with the pelvic inflection of the peritoneum over

these viscera : r, r, r, the upper and middle parts of the rectum, and at the middle
letter the fold separating the two ; r, a, the lower or anal portion ; v, the upper part of

the urinary bladder ; v', the base, at the place where it rests more immediately on the

rectum
; p, the i^rostate gland and prostatic jjortion of the urethra ; h, the bulb ; c, c,

the corpus cavernosum penis and suspensory ligament ; sc, the scrotum ; s, symphysis

pubis.

with the hollow front of the sacrum and coccyx, and the other at the

lower end of the bowel, forming a shorter turn in the opposite direction.

The intestinum rectum, therefore, so called from its original description being
derived from animals, is fax from being straight in the human subject.

Unlike the rest of the large intestine, the rectum is not sacculated,

but is smooth and cylindrical ; and it has no separate longitudinal

bands upon it. It is about eight inches in length, and at its up]3er

end is rather narrower than the sigmoid flexure, but becomes dilated

into a large ampulla or reservoir immediately above the anus.
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The upper part of the rectum, covered by peritoneum, is in contact

in front with the back of the bladder (or uterus in the female), unless

some convolutions of the small intestine happen to descend between
them. The lu'eter and branches of the internal iliac artery are in

contact with it on the left side. It is attached behind to the sacrum
by a duplicate of peritoneum named the meso-redum. LoAver down
the peritoneum covers the intestine in front and at the sides, and at last

in front only ; still lower, it quits the intestine altogether, and is re-

flected forwards to ascend in the male upon the back of the bladder, in

the female on the back of the upper part of the vagina and the uterus.

In passing from the rectum to the bladder, the peritoneum forms a cul-

de-sac, the recto-vesical pouch, which extends downwards between the

intestine and the bladder to within an inch or more from the base of

the prostate, and is bounded above at each side by a lunated fold of the

serous membrane, of which the left is ahnost always the larger (pos-

terior ligaments of the bladder).

Below the point where the peritoneum ceases to cover it, the rectum
is connected to surrounding parts by areolar tissue, which is mostly

loaded with fat. In this way it is attached behind to the front of the

sacrum and the coccyx, and at the sides to the coccygei and levatores

ani muscles. In front, it is in immediate connection with a trian-

gular portion of the base of the bladder (fig. 538, v') ; on each side of

this, with the vesiculse seminales ; and farther forwards, with the under
surface of the prostate {p). Below the prostate, where the rectum turns

downwards to reach the anus, it becomes invested by the fibres of

the internal sphincter, and embraced by the levatores ani muscles, by
which, as well as by the triangular ligament of the urethra, it is sup-

ported. Lastly, at its termination it is surrounded by the external

kphincter ani muscle.

In the female, the lower portion of the rectum is firmly connected

with the back of the vagina.

For convenience of description the rectum is sometimes divided arbitrarily into

tlu-ee parts ; the first or uppennost, about 3A inches long, extending to the centre

of the 3rd sacral vertebra : the middle part (3 inches) from this point to the tip

of the coccyx ; whilst the lowermost, about an inch and a half long, curves back-

wards and downwards to the anus.

Structiire of the Kectum.—The rectum differs in some respects from the rest

of the large intestine, in the structure of both its muscular and its mucous coats.

The muscular coat is very thick : the external or longitudiaal fibres form a
uniform layer around it, and near the lower end of the intestine, pass between
the external and internal sphincters, and end partly amongst the fibres of these

muscles, partly in the skin of the anus. The internal or circular fibres become
more numerous towards the anus, where they form the internal sphincter muscle.

The longitudinal fibres are paler than the circular, but both layers become
darker and redder towards the termination of the bowel. A pair of small bands
of plain muscular tissue, which arise from the front of the second and
third coccygeal veftebraa, and are also connected with the pelvic fascia, pass with
a slight downward inclination to the rectum, and become intermingled with
its longitudinal fibres. They are known as the recto-coccygeal muscles.

The onucoKS mcinhrane of the rectum is thicker, redder, and more vascular than
that of the colon ; and it moves more freely upon the muscular coat. It presents

numerous folds of different sizes, and running in various directions, nearly all of

which are effaced by distension of the bowel. Near the anus these folds are

principally longitudinal, and seem to depend on the contraction of the sphincter

muscles outside the loosely connected mucous membrane. The larger of these



THE ANUS AND MUSCLES. 619

folds were named by Morgagni the columns of the rectum. These columns
contain longitudinal muscular fibres (appaa-ently part of the muscularis mucosae),

which terminate both superiorly and inferiorly in elastic tissue (Treitz). Higher
up in the intestine, the chief folds are transverse or oblique. Thi-ee prominent
folds, larger than the rest, being half an inch or more in depth, and having an
oblique direction in the interior of the rectum, have been pointed out specially by
Houston. One of these projects backwards from the upper and fore part of the
rectum, opposite the prostate gland ; another is placed higher up, at the side of
the bowel ; and the third still higher. From the position and projection of these

folds, they may more or less impede the introduction of instruments (Dublin
Hospital Reports, vol. v.). Hermann and Desfosses describe convoluted glandular

tubes lying between the muscular bundles of the internal sphincter and opening
on to the surface of the mucous membrane close to the anus (Compt. rend., xc.

1880).

Vessels and ISTerves of the Rectum.—The arteries of the rectum spring from
three sources, viz., the superior ha3morrhoidal branches from the inferior mesen-
teric ; the middle haimorrhoidal branches from the internal iliac directly or

indirectly ; and, lastly, the external or inferior hsemorrhoidal branch from the
pudic artery. The an-angement of the vessels is not the same throughout the
rectum. Over the greater part the arteries penetrate the muscular coat at short

intervals, supplying- its layers as they pass through, and, at once dividing into

small branches in the submucosa, fonn a network by their intercommunication.

Towards the lower end, for four or five inches, the arrangement is different. Here
the vessels, having penetrated the muscular coat at different heights, assume
a longitudinal du-ection, passing in parallel lines towards the end of the bowel.
In their progTess downwards they communicate with one another at intervals,

and they are very freely connected near the orifice, where all the arteries join by
transverse branches of considerable size (R. Quain).

The reins are very numerous, and form a complex interlacement resembling
that of the ai-teries just described, and named the luemovrlioMal inlexus. After
following" a longitudinal course upwards similar to that of the arteries which
they accompany, they end partly in the internal iliac vein by branches which
accompany the middle hasmorrhoidal artery, and partly in the inferior mesenteric

vein. Hence, the blood from the rectum is returned in i)art into the vena cava,

and in part into the portal system.

The lymj)hatics enter some glands placed in the hollow of the sacrum, or those
of the lumbar series.

The nerves are very numerous, and are derived from both the cerebro-spinal and
the sympathetic systems. The former consist of branches derived from the sacral

plexus ; and the latter of offsets from the inferior mesenteric and hypogastric

plexuses.

THE ANUS AJTD ITS MUSCLES.

The amis, or lower opening of the alimentary canal, is a dilatable

orifice, at which the mncous membrane and skin become continuous with
each other. The skin around the borders of the anus, which is thrown
into wrinkles during the closed state of the orifice, is covered with nume-
rous papillte, and is provided with hairs and large sebaceous folhcles.

The lower end of the rectum and the margin of the anus are, more-

over, embraced by certain muscles, which serve to support the bowel,

and to close its anal orifice. These muscles, proceeding from within

outwards, are, the internal sphincter, the levatores ani, the coccygei, and
the external sphincter. The three last muscles have already been

described in Yol. I.

The internal sphincter muscle is a muscular ring or rather belt,

surrounding the lower part of the rectum, an inch above the anus, and
extending over about half an inch of the intestine. It is two lines thick,

and is paler than the external sphincter. Its fibres are continuous
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above with the circular muscular fibres of the rectum, and, indeed, it

consists merely of those fibres more numerously develoi^ed than else-

Tiiiere, and prolonged farther down than the external longitudinal

fibres.

Kolilrauscli describes a thin stratum of fibres between tlie mucous membrane
and the internal sphincter, these fibres having- a longitudinal direction. According
to Henle this is nothing more than the longitudinal fibres of the muscularis
mucosaj ; but Kohlrausch gives it a distract name, the sustentator tunicai mucosaa
(corrugator cutis ani of Ellis). (Kohlrausch, Anat. und Phys. d. Beckenorgane.
Leipzig, 185i ; Ellis, Illustrations of Dissections. London, 1865 ; JRmx in Arch. f.

mikr. Anat., XIX. 18S1 ; Itol'm ct Cadiat in Journ. de I'anat,, 1874.)

THE LIVER.

The liver is the largest gland in the body, and by far the most bulky
of the abdominal viscera. It measures about 10 or 12 inches trans-

versely from right to left, between 6 and 7 inches from its p(jsterior

to its anterior border, and about 31 inches from above downwards where
thickest, which is towards the right and posterior part. The ordinary

bulk is 90 to 100 cubic inches. The ordinary weight is between 50
and 60 ounces.

The liver is solid to the feel, and of a dull reddish-brown colour, with
frequently a dark-purplish tinge along the anterior margin.

According to the facts recorded by Reid, the liver weighed, in 43 cases out of

82, between 48 and 58 ounces in the adult male ; and in 17 cases out of 36,

between 40 and 50 ounces in the adult female. It is generally estimated to be
equal to about l-36th of the weight of the whole body ; but in the foetus, and
in early life, its proportionate weight is greater.

The specific gravity of the liver is between 1"05 and 1"06 : in fatty degeneration

this is reduced to 1*03, or even less.

The liver is divided into two unequal lobes, a right and a left, and on
the under and posterior surfaces of the right lobe are three secondary

lobes or lobules, named the lobe of Spigelius, the caudate or tailed lobe,

and the square lobe.

The right and left lobes are separated from each other on the under

sm-face by the umbilical fissure (fig. 539 ti.f.), and on the posterior surface

by its prolongation the fissure for the ductus venosus {f.d.v.). In
front, their partial limit is the interlobar notch, but on the convex

surface of the liver there is no other indication of a separation between

them than the line of attachment of the fold of peritoneum termed the

broad ligament. The right lobe is much larger and thicker than the

left, which is very variable in extent and ordinarily constitutes only about

one-fifth or one-sixth of the entire gland.

The liver is usually described as having an upper convex and an under concave

surface which, join another at the circumference of the organ ; the latter being

described as thick and rounded behind and on the right, but sharp and thin in

front and on the left. This description applies however, only to the organ as it

is usually examined, viz. : in the soft condition, and after removal from the body.

But it has been shown by His that if the organ be carefully hardened in situ, a

considerable part of its surface (comprehending not only Avhat was previously

described as the posterior border, but also portions of what have hitherto been

reckoned as belonging to the under surface, viz. a pai-t of the left lobe, and

the whole of the Spigelian lobe), looks altogether backwards, and may therefore

I
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be more correctly described as forming a third or posterior sui-face. This mode
of description of the surfaces will therefore be followed here.

The upper surface of the organ is convex, smooth, and covered with
peritoneum. It is marked oS into a right portion, large and convex,
and a left portion, smaller and flatter, by the line of attachment of the
broad ligament. It is exactly moulded to the under surface of the dia-

phragm, and in specimens hardened in situ exhibits on the left portion a
shallow impression corresponding to the situation of the heart.
The under surface is concave and uneven. It is invested with peri-

toneum everywhere except where the gall-bladder {g.U) is adherent to
it, and at the portal fissure {p) where the fold of peritoneum termed the

Fig. 539.

—

The liver of a toting subject, sketched from below and behind. (The
drawing has been made by Mr. Wesley from a cast prepared under the direction of

Prof. His of Leipzig.) ^

R.L., right lobe ; L.L., left lobe; L.S., lobe o£ Spigelius ; L.C., caudate lobe; L.Q.,

quadrate lobe; p, portal fissiu-e; u.f., umbilical fissure; f.d.v., fissure of the ductus

venosus
;

^r.&Z., gall-bladder; v.c.i., vena cava inferior ; i.g-, impression on the under sur-

face of the left lobe corresponding to the stomach ; c, position of the cardia ; t.o., projec-

tion of the posterior surface of the left lobe against the lesser omentum (tuber omentale, His)

;

i.e., impressio colica ; i.r., impressio renalis ; i.sr., impressio supra-renalis
; jj^, p", p^, p"*,

lines of reflection of the peritoneum ; x , surface of the liver uncovered by peritoneum.

lesser omentum comes off, which encloses the blood-vessels and ducts of

the viscus, and passes to the smaller curvature of the stomach. The
under surface of the left lobe (i.g.) is moulded over the subjacent cardiac

part of the stomach, and over that part of the anterior surface of the

stomach which is next to the lesser curvature. Its free margin is sharp.
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curving round and subsiding posteriorlj and mesially. The surface is

limited in its anterior part by the umbilical fissure, but in its posterior

part it slopes gradually into the portion of the lobe which appears on the

posterior sm-face.

The under surface of the right lobe may be regarded as divided by the

fossa which lodges the gall-bladder {fossa seu imjrressio vesicalis) into

two unequal portions. Of these the lateral is by far the larger, and is

mainly occupied by two large shallow concave impressions, one situated

anteriorly being produced by the hepatic flexure of the colon {impressio

colica, i. c), the other and posterior one being caused by the right kidney

(impressio rcnalis, i. r.) These two impressions are separated from one

another by a low ridge. At the mesial border of the renal impression is

a third narrow and but slightly marked impression corresponding to the

descending joart of the duodenum {impressio duodenalis, i. d.)

The mesial of the two parts into which the fossa of the gall-bladder

subdivides the under surface of the right lobe is somewhat oblong and
quadrangular in shape, and is known as the quadroAe lole (L. Q.). It is

immediately over the j)yloric end of the stomach and the commencement
of the duodenum, and when these are distended they impress upon the

surface of the quadrate lobe a sliglit concavity. It is bounded on the

left by the umbilical fissure and behind by the transverse or portal

fissure.

The posterior surface of the liver, which is deej)ly concave opposite

the convexity ofthe vertebral column, comprehends :—1. a portion of the

left lobe which lies immediately in front of the cardia, and abuts against

the anterior wall of the omental sac. That part (c) which is in contact

with the cardia is concave, but the remainder forms a considerable pro-

tuberance {t. 0.) projecting over the i^isser curvature of the stomach.

This posterior surface of the left lobe passes with a gradual slope into

the under surface. 2. The Spigelian hie {loliilus Spigelii, L. S.) and the

caudate lole (L. C). The latter is a narrow ridge prolonging the Spigelian

lobe towards the under surface of the right lobe. It runs behind the

portal fissure, and lies immediately over the foramen of Winslow. The
Spigelian lobe is separated from the left lobe by tne fissure of the ductus

venosus, and from the posterior surface of tne right lobe by the fossa for

the vena cava. Its free surface looks directiy backwards, and is nearly

vertical and slightly concave from side to side. Superiorly it slopes over

towards the upper surface of the organ, whilst inferiorly a part of the

lobe overhangs part of the transverse fissure and projects against the

posterior wall of the omental sac. The Spigelian lobe is opposite the

tenth and eleventh dorsaj^- vertebra. It rests against the crura of the

diaphragm, especially the right cms, and behind the upper left hand
corner the lower end of the O3sophagus passes obliquely into the cardia.

Lower down behind the left border is the end of the thoracic aorta

separated nowever from the liver by the diaphragm. (3). A strip of the

right lobe 2|'to 3 inches broad ; convex for the most part except for a

small depression at its lower and mesial corner which receives the

right supra-renal capsule {impressio supra-renahs, i.sr.) In conse-

quence of the separation of the layers of the coronary ligament this

surface of the right looe (fig. 539, x ) is not covered by peritoneum except

at its right extremity. It rests against the ascending part of the dia-

phragm, and superiorly passes gradually into the ujoper siu'face. In-

feriorly it IS separated by a sharp margin from the renal impression on
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the under surface. This margin is sloped obHquely downwards and out-

wards following the line of the 11th or 12th rib. The mesial border
often projects over the vena cava.

The transverse ov portalfissure (fig. 530, 2J-) is the most important,

because it is here that the great vessels and nerves enter, and the

hepatic duct passes out. It lies transversely between the quadrate and
Spigelian lobes, and meets the longitudinal fissure nearly at right

angles.

The longitudinal fissure, between the right and the left lobes, is divided

into two parts by its junction with the transverse fissure. The anterior

part («./.), named the imibilical fissure, contains the umbilical vein in

the foetus, and the remnant of that vein in the adult, which then con-
stitutes the round ligament. It lies between the square and the left lobe

of the hver, the substance of which often forms a bridge {pons hepatis)

across the fissure, so as to convert it partially or completely into a canal.

The posterior part (/. d. v.) is named the fissure of the ductus venosus
;

it is situated between the lo])e of Spigelius and the left lobe, and lodges

the ductus venosus in the foetus, and in the adult a slender cord or liga-

ment into which that vein is converted.

The fissure ov fossa of the vena cava (v. c. i.) is situated at the back of

the liver, between the Spigelian lobe and the right lobe, and is separated

from the transverse fissure by the caudate lobe. It is at the bottom of
this fossa that the blood leaves the liver by the hepatic veins, which
end here in the vena cava. As in the case of the umbilical fissure, the

substance of the liver in some cases unites around the vena cava, and
encloses that vessel in a canal.

The transverse and umbilical fissures are on the under surface of the

liver ; the fissm*e of the ductus venosus and that for the vena cava are

on the posterior surface.

Ligaments.—The ligaments of the liver are, with one exception, only

reflections of serous membrane. Thus the name coronary lir/ament is given
to the reflection of peritoneum around the somewhat triangular portion of

the posterior surface of the liver (fig. 539, x ), which is here immediately

adherent to the diaphragm. These reflections are continued at either end
into a short fold—the rightand left lateral ligaments, of which the left is the

longer and more distinct, the right being sometimes scarcely perceptible

(Struthers). Another of these so-called ligaments is the Iroad, falciform,

or suspejisorg ligament, a wide thin membrane, formed of two conering

layers of peritoneum continuous behind with the corresponding .ayers of

the coronary ligaments. By one of its margins it is connected with the

under surface of the diaphragm, and with the sheath or the right rectus

muscle of the abdomen as low as the umbihcus ; oy another it is attached

along the convex surface of the liver, from the posterior oorder co ttie

notch in the anterior border : the remaining margin is free, and contains

between its layers the round ligament, a dense fibrous cord, the remnant
of the umbilical vein of the foetus, which ascends from the umbilicus

within the lower edge of the oroad ligament, and enters the longitudinal

fissure on the under surface.

Position with regard to the abdominal and thoracic parietes.—
Occupying the rignt hypochondriac region, and extending obliquely

upwards across the epigastric region into a part or tne lefb hypo-
chondrium, the liver is accurately adapted to the vault of the diaphragm
above, and is covered, to a small extent m front, m the subcostal
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angle, by the abdominal wall. At least an inch of the left lobe . is

to the right of the middle line. The right lobe reaches higher beneath the

ribs than the left, corresponding thus with the elevated position of the

diaphragm on the right side. The liver is separated by the diaphragm
from the concave base of the right lung, the thin margin of which
descends so as to intervene between the surface of the body, and the solid

mass of the liver.

The convex surface is protected, on the right, by the 7th to the 11th
ribs, and in front by the cartilages of the 6th, 7th, 8th, and 9th ribs, and
by the ensiform process—the diaphragm, of course, being interposed. The
situation of the liver is modified by the position of the body, and also

by the movements of respiration ; thus, in the upright or sitting-

posture, it descends to just below the lateral margin of the thorax ; but
in the recumbent position ascends an inch or an inch and a half higher

up, and is entirely covered by the ribs, except a small portion oppo-

site the subcostal angle. During a deep inspiration, the liver also

descends below the ribs even in the recumbent posture, and in expiration,

retires upwards behind them. In females it is often permanently forced

downwards below the costal cartilages, owing to the use of tight stays ;

sometimes it reaches nearly as low as the crest of the ilium ; and, in

many such cases, its convex surface is indented from the pressure of the

ribs.

Vessels and Nerves.—The two vessels by which the liver is supplied

with blood are the hepatic artery and the portal vein. The hepatic

Fia 540.

Fig. 540.

—

Sketch of a portion of the xtnuee stteface of the liver, SHowiNa the
ARRANGEMENT OF THE A'ESSELS IN THE PORTAL FISSURE. (G. D. Thane).

a, hepatic artery; p, portal vein ; d, bile duct; ff.hl., gall-bladder; p^, p'^, as in fig. 539-

artery (fig. 540, a), a branch of the coeliac axis, is small in comparison

with the organ to which it is distributed. It enters the transverse

fissure, and there divides into a right and left branch, for the two prin-

cipal lobes.

By far the greater part of the blood which passes through the liver,

—

and in this respect it differs from all other organs of the human body,

—

is conveyed to it by a large vein, the portal vein or vena portae

(fig. 540, j)). This vein is formed by the imion of the veins of the

stomach, intestines, pancreas and spleen. It enters the transverse fissure,

or jmia hepatis, and, like the hepatic artery, there divides into two
principal branches.
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The hepatic artery and portal vein, lying in company with the Lile-

duct, ascend to the liver between the layers of the gastro-hepatic omen-
tum, in front of the foramen of Winslow, and thus reach the transverse

fissure. In this course the bile-duct is to the right, the hepatic artery

to the left, and the large portal vein behind the other two. They are

accompanied by numerous lymphatic vessels and nerves. The branches

of the three vessels accompany one another in their course through
the liver nearly to their termination; and are surrounded for some
distance by an areolar investment, the so-called capsule of GKsson,
which is prolonged into the interior of the organ.

The hepatic veins, which convey the blood away from the liver,

pursue through its substance an entirely different course from the other

vessels, and pass out at its posterior border, where, at the bottom of the

fossa already described, they end by two or three principal branches,

besides a number of smaller ones, in the vena cava inferior.

The lymphatics of the liver, large and numerous, form a deep and
a superficial set. Their mode of origin and their course will be after-

wards described.

The nerves are derived partly from the coeliac plexus, and partly

from the pneumogastric nerves, especially from the left pneumogastric.

They enter the hver supported by the hepatic artery and its branches

;

along with which they may be traced a considerable way in the portal

canals, but the manner of their ultimate distribution is not known.
ExcEETOEY Appaeatus.—The excretory apparatus of the liver

consists of the hepatic duct, the cystic duct, the gall-bladder, and the

common bile-duct.

The hepatic duct, formed by the union of a right and left branch,

wliich issue fi-om the bottom of the transverse fissure and unite at a

very obtuse angle, descends to the right, within the gastro-hepatic

omentum, in fi-ont of the vena ports, and with the hepatic artery to

its left. Its diameter is about two lines, and its length nearly two
inches. At its lower end it meets with the cystic duct, descending from
the gall-bladder ; and the two ducts uniting together at an acute angle,

form the common bile-duct.

The gall-bladder (fig. 5^, g. N), is a pear-shaped membranous sac, r
3 or 4 inches long, about an inch and a half across its widest part, and
capable of containing from 8 to 12 fiuid-drachms. It is lodged obliquely

in the fossa before mentioned on the under surface of the right lobe,

with its large end ovfundus, which projects beyond the anterior border

of the liver, directed forwards, downwards, and to the right, whilst its

necJc is inclined in the opposite direction. Its upper surface is attached

to the liver by areolar tissue. Its under surface and fundus are covered

by the peritoneum, which is reflected over them from the surface of

the liver. In rare cases the peritoneum completely surrounds the

gall-bladder, which is then suspended by a sort of mesentery from

the under surface of the liver. The fundus touches the abdominal

parietes immediately beneath the margin of the thorax, opposite the

tip of the tenth costal cartilage. The gall-bladder rests below on the

commencement of the transverse colon ; and, farther back, it is in con-

tact with the duodenum, and sometimes with the pyloric extremity of

the stomach. The necJc, gradually narrowing, is curved like the letter S,

and then, becoming much constricted, and changing its general direction

altogether, it bends downwards and terminates in the cystic duct.

VOL. II. . s s
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The gall-bladder is supplied with blood by the cystic artery, a branch
of the right division of the hepatic artery, along which vessel it also

receives nerves from the coeliac plexus. The cystic veins empty them-
selves into the vena portee.

The cystic duct is about an inch and a half in length. It runs
backwards, do\Miwards, and to the left, and unites with the hepatic duct
to form the common bile-duct.

The common bile-duct, ductus communis choledochus, from two to

three lines in width, and nearly three inches in length, conveys the bile

into the duodenum. It passes downwards and backwards, continuing
the course of the hepatic duct, between the layers of the gastro-hepatic

omentum, in fr'ont of the vena portee, and to the right of the hepatic

artery. Passing behind the first part of the duodenum it reaches the

descending portion and continues downwards on the inner and posterior

aspect of that part of the intestine, covered by or included in the head
of the pancreas, and for a short distance in contact with the right side

of the pancreatic duct. Together with that duct, it then perforates the

muscular wall of the duodenum, and, after running obliquely for three

quarters of an inch between its coats, and forming an elevation beneath

the mucous membrane, it becomes somewhat constricted, and opens by a

common orifice with the pancreatic duct on the inner surface of the intes-

tine, near the junction of the second and third portions of the duodenum,
and three or four inches beyond the pylorus, as already described.

Varieties.—Tlie liver is not subject to great or frequent deviation from, its

ordinary form and relations. Sometimes it retaias the thick rounded form which
it presents in the foetus ; and it has occasionally been found without any division

into lobes. On the other hand, Soemmerring has recorded a case in which the

adult liver was divided into twelve lobes ; and similar cases of subdivided liver

(resembling that of some animals) have been now and then observed by others.

A detached portion, forming a sort of accessoTy liver, is occasionally found
appended to the left extremity of the gland by a fold of peritoneum containing

blood-vessels.

The gall-bladder is occasionally wanting, in which case the hepatic duct is

much dilated within the liver, or in some part of its course. Sometimes the

gall-bladder is irregular in form, or is constricted across its middle, or, but

much more rarely, it is partially divided in a longitudinal direction. Direct

communications by means of small ducts (named hepato-cystic), passing from
the liver to the gall-bladder, exist regularly in various animals ; and they are

sometimes found, as an unusual formation, in the human subject.

The right and left divisions of the hepatic duct sometimes continue separate

for some distance within the gastro-hepatic omentum. Lastly the common bile-

duct not unfrequently opens separately from the pancreatic duct, into the

duodenum.

STRUCTURE OP THE LIVER.

The liver has two coverings, viz., a serous or peritoneal, already

sufficiently referred to, and a proper areolar coat.

The areolar oxfilrous coat invests the whole gland. Opposite to the

parts covered by the serous coat, it is thin and difficult to demonstrate ;

but where the peritoneal coat is absent, as at the posterior border of the

liver, and in the portal fissure, it is denser and more evident. Its inner

surface is attached to the hepatic glandular substance, being there con-

tinuous Avith the delicate areolar tissue which lies between the small

lobules of the gland. At the transverse fissure it becomes continuous

with the capsule of Glisson, by which name, as ah-eady noticed, is
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designated a strong sheath of areolar tissue which surrounds the branches
of the portal vein, hepatic artery, and hepatic duct, as they ramify in

the substance of the liver, but which becomes more delicate as it passes

on to the smaller vascular branches.

Hepatic lobules.—The proper substance of the liver, \rhicli has a
mottled aspect when closely observed, is compact, but not very firm.

It is easily cut or lacerated, and is not unfrequeutly ruptured during life

from accidents in which other parts of the body have escaped injury.

When the substance of the liver is torn, the broken surface is not
smooth, but coarsely granular, the liver being composed of a multitude
of small lobules (fig. 541), which vary from J^th to -^i^th of an inch in
diameter (1—2 millimetres).

Fig. 541.

Fig. 541.

—

Section op a
PORTION OP LIVER PASSING

LONGITUDINALLY THROUGH
A CONSIDERABLE HEPATIC
VEIN, FROM THE PIG (after

Kiernan). About 5 Dia-
meters.

H, liepatic venous trunk,

against whicli the sides of the

lobules are applied ; h, h, h,

three sublobular hepatic veins,

on which the bases of the

lobules rest, and through the

coats of which they are seen

ns polygonal figures ; i, mouth
•of the intralobular veins,

opening into the sublobular

veins ; i', intralobular veins

shown passing up the centre

of some divided lobules ; c, c,

walls of the hepatic venous
canal, with the polygonal bases

of the lobules.

These lobules in some animals, as in the pig and camel, are com-
pletely isolated one from another by areolar tissue continuous with the

fibrous coat of the liver, and with the capsule of Glisson ; but in the

human subject, and in most animals, although very distinguishable, they

are not completely insulated, being confluent in a part of their extent.

The lobules of the liver have, throughout its substance, in general

the polyhedral form of irregularly compressed spheroids ; but on the

surface they are flattened and angular. They are all compactly ar-

ranged around the sides of branches {sublotular) of the hepatic veins

(fig. 541), each lobule resting by a smooth surface or lase, upon the

vein, and being connected with it by a small venous trunklet {intra-

lobular), which begins in the centre of the lobule, and passes out from

the middle of its base, to end in the larger subjacent vessel. If one of

the sublobular veins be opened (as in the figure), the bases of the lobules

may be seen through the coats of the vein, which are here very thin,

presenting a tesselated appearance, each little polygonal space repre-

senting the base of a lobule, and having in its centre a small spot,

which is the mouth of the intralobular vein (i).

s s 2
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Each lobule consists of a mass of cells penetrated from the chcum-
ference to the centre by a close network of blood-capillaries, as well

Fig. 542.

Fig. 542.

—

Diagrammatic representation or two hepatic lobules (E.A.S.)

The left-hand lobule is represented witli the intralobular vein cut across ; in the right-

hand one the section takes the course of the intralobular Yein. i', interlobular branches

of the portal vein ; h, intralobular branches of the hepatic veins ; s, sublobular vein ;

c, capillaries of the lobules. The arrows indicate the direction of the course of the blood.

The liver-cells are only represented in one part of each lobule.

as by the minute capillary commencements of the bile-ducts, with the

intervention of little other tissue. For the sake of clearness, the dis-

position of the vessels of the liver may be considered first.

Blood-vessels.—The portal vein and hepatic artery, accompanied by

Fig. 543. Fig. 543.

—

Section op a portal canal
(E.A.S.).

a, branch of hepatic artery ; v, branch of

portal vein ; d, bile-duct ; II, lymphatics

in the areolar tissue of Glisson's capsule

which encloses the vessels.

the emerging biliary ducts, enter

the liver at the transverse fissure.

Within the liver the branches of

these three vessels lie together in

certain canals, called j!;orte/ canals^

which are tubular passages formed

in the substance of the gland, com-
mencing at the transverse fissure,

and branching upwards and out-

wards from that part in all direc-

tions. Each portal canal (even the

smallest) contains one principal

branch of the vena portte, of the hepatic artery, and of the biliary duct

(fig. 543) ; the whole being invested by connective tissue, within which

run lymphatic vessels.

The portal vein subdivides into branches which ramify Mwem the

lobules, anastomosing freely around them, and are named interlolivMr or

inrirpheral veins (fig. 542, p). The branches of these pass into the lobules
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at their circumference and end in the capillary network, from which
the intralobular or central veins take origin. Within the portal canals

the branches of the portal veins receive small veins which are retm'ning

blood distributed by branches of the hepatic artery.

Fig. 544.

—

Capillary network of the lobules of the rabbit's liver (from

Kolliker), About 40 diameters.

The figure is taken from a very successful injection of tlie iepatic veins made by
Harting : it shows nearly the whole of two lobules, and parts of three others : p, portal

branches running in the interlobular spaces ; h, hepatic veins radiating from the centre

of the lobides.

Fig. 545«

Kg. 545.

—

Cross section of a lobule of the human liver, in which the capillary
network between the portal and hepatic veins has been fully injected
(from Sappey). 60 diameters,

1, section of the intralobular or central vein ; 2, its smaller branches collecting blood
from the capillary network ; 3, interlobular or peripheric branches of the vena port^
vs^ith their smaller ramifications passing inwards towards the capillary network in the
substance of the lobule.
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The hepatic artery terminates in three sets of branches, termed
vaginal, capsular, and interlobular. The vaginal branches ramify Avithin

the portal canals, supplying the walls of the ducts and vessels, and the

accompanying connective tissue. The ca2Jsular branches appear on the

sm'face of the liver spread out on the fibrous coat, accompanied by their

veins. The interlo'buJar branches accompany the interlobular veins, but
are much smaller; they supply blood to the walls of these and the

accompanying bile-ducts ; it is doubtful if they transmit any blood

directly to the capillary network of the lobules.

The capillary network of the lobules is very close, so that commonly
the interval between two vessels is not greater than the diameter of one
or two liver cells (fig. 542). Moreover the vessels are comparatively large

(2-500*1^ of an inch), and in specimens in which they have been filled with

transparent injection, can be seen, not only to pass in a radiating manner,

as before described, between the intra- and inter-lobular veins, but also

in the human subject to be continued from one lobule to another.

Fi?. 546.

d a

Fig. 546.

—

Longitudinal section of a
rORTAIi CANAL, CONTAINING A POETAL
A'EIN, HEPATIC AKTEET, AND HEPATIC
DUCT, EUOM THE PIG (after Kiernan).

About 5 diameters.

p, brancli of vena portte, situated in

a portal canal, formed amongst tlie \i

patic lobules of the liver ; 'p, p, larger

branclies of portal vein, giving off smaller

ones named interlobular veins ; there

are also seen within the large portal

vein numerous orifices of interlobular

veins arising directly from it ; «, hej)atic

artery ; d, biliary duct ; at c, c, the

venous wall has been pai-tially removed.

The capillaries are accompanied

by a very small amount of connec-

tive tissue, containing flattened

and stellate cells. This tissue

occurs more abundantly near the

centre of the lobule around the

intralobular vein ; and both here

and in that accompanying the

interlobular veins, there are numerous granular connective tissue cells.

The hepatic veins commence in the centre of each lobule by the

convergence of its capillaries into the single independent intralo'bidar or

central vein (figs. 542, h ; 544, h; and 545, 1), as already stated. These

minute intralobular veins open at once into the sides of the adjacent

su'blol)ular\Q\\\\{f\.g. 542, s), which are of various sizes, and join to form

larger and larger vessels, ending at length in hepatic venous trunks,

which receive no intralobular veins. Lastly, these venous trunks, con-

verging towards the posterior border of the liver, and receiving in their

course other sublobular veins, terminate in the vena cava inferior,_as

already described. In this course the hepatic veins and their successive

ramifications are unaccompanied by any but lymphatic vessels. Their

coats are thin ; the sublobular branches adhere closely to the lobules, and

even the larger trunks have but a slight areolar investment connecting

d a
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them to the substance of the hver. Hence the divided ends of these

veins are seen npon a section of the liver as simple open orifices, the

thin wall of the vein being sm:rounded closely by the solid substance of

the gland.

The hepatic cells.—The interstices between the blood-vessels are,

as before said, almost entirely filled by the hepatic cells. These are of

a compressed spheroidal or polyhedral form, having a mean diameter of
from "To 8-0 th to Ti th of an inch. They possess no cell membrane. Their
substance appears granular and of a faint yellowish tinge, and they
contain each a clear round nucleus, withiutra-nuclear network and one or

Fig. 547.

Fig. 547. -Hepatic cells feoji the liver op a dog (Heidenliain;, 14 hours after
A FULL MEAL.

a, with glycogenic deposib ; h and c, after its solution. In c tlie network of protoplasm

which remains is finer than in 1), and imparts a somewhat granular appearance to the

cells. The external layer of tho protoplasm contains no glycogen.

two nucleoli. Not unfrequently two nuclei are to be found in a cell. In
many cases especially with a fatty diet, the cells are found to have large

or small fat-globules in their interior ; this fatty deposit is much more
abundant in the cells which are near the periphery than in those near

the centre of the lobule. When isolated in the fresh condition they

are said to exhibit slow changes of form. The liver-cells are packed
between and around the vessels, and in sections made at right angles

to the intralobular veins, appear as if radiating from the centre of the

lobules towards their circumference. They form a continuous network^

or spongework, the more obvious openings in which are the spaces

occupied by the blood-capillaries. The walls of the latter are not every-

where in contact with the liver cells, but are separated from them in

parts by a cleft-like lymphatic space which is only imperfectly marked
off by the flattened and stellate connective tissue cells before mentioned

(p. 2^Q).

The hepatic cells frequently contain glycogen especially after a heavy meal of

starchy matters. It occurs in globules or in irregular amorphous masses within
them (Heidenhain), and when abundant reduces the protoplasm of the cell to

the condition of an open network, which becomes very distinct after solution of

the glycogen (fig. 547). When these masses of glycogen are not present the pro-

toplasm exhibits after hardening a finely reticulated appearance (Klein, Langley).

(See fig. 45.)

Commencement of the ducts.—When a thin section of the hardened
tissue is examined under a high power of the microscope, minute apertures
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may occasionally be observed between the opposed sides of adjacent

liyer-cells. These are the sections of fine intercellular passages {bile-

canaliculi) which form a close network (fig. 548) between and around

the individual cells, much finer and closer than the blood-capillary net-

work, from the branches of which they run apart. These passages,

Pig. 548. Fig. 548.

—

Section of rabbit's liver

WITH THE INTERCELLULAR NETWORK
OF BILE-CANALICULI INJECTED. HIGHLY
MAGNIFIED (Hering).

Two or three laj'ers of cells are repre-

sented ; h, b, blood capillaries.

which are bounded by a very

delicate proper wall, are the com-
mencements of the biliary ducts,

into which at the circumference

of the lobule they open. They
may be injected from the trunk

of the bile duct, at least in the

outer parts of the lobule.

To demonstrate the intercellular

network throughout the whole extent

of the lobules, Chrzonszczewsky em-
ployed a method of natural injection.

He introduced a saturated watery
solution of pure sulph-indigotate of

soda, in repeated doses, into the cir-

culation of dogs and sucking-pigs, by
the jugular vein ; and in an hour and a half afterwards the animals were killed

and the blood-vessels either washed out with chloride of potassium introduced

by the portal vein, or were injected with gelatine and carmine. In specimens
prepared in this way the fine network of bile-ducts throughout each lobule is

filled with blue, while the intervening cells remain free from colour. By killing

the animals sooner after the injection, the blue colouring matter was found
within the hepatic cells, thus demonstrating that it was through their agency
that the canals were filled.

From the observations of Pfiiiger and of Kupffer it would appear that the

relation between the hepatic cells and the bile-canaliculi is even more intimate

than has been generally supposed. For both by the methods of artificial and of

natural injection, they have demonstrated the existence of vacuoles within the

cells communicating by exceedingly minute intracellular channels with the

adjoining bile-canaliculi (see fig. 549).

In the lower vertebrates and in the earlier stages of development in birds and
mammals the liver is a tubular gland, composed of anastomosing tubules, with
narrow lumina (biliary canaliculi), and directly continuous with the ducts. In
all animals the bile-canaliculi are separated by at least a portion of a ceU from
the nearest blood capillaries.

Structure of the ducts.—The miuute ramifications between the

lobules have walls composed of fibrillar connective tissue, within which
is a basement membrane, and a lining of short columnar epithelium.

According to Heidenhain they also possess both longitudinally and
circularly disposed muscular cells in their wall. As they pass into

the lobules, the columnar epithelium becomes shorter and fiatter, the

tube at the same time branching both laterally and terminally and
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becoming much reduced, in size so that only a very small lumen is left.

The basement membrane is no longer complete, and the intercellular

bile passages open directly into the minute ducts, the hepatic cells

abutting against the flattened eiDithelium of the latter.

In the portal canals, where they are somewhat larger, the ducts pre-

sent numerous openings on the inner surface, which are scattered irregu-

larly in the larger ducts, but in the subdivisions are arranged in two
longitudinal rows, one at each side of the vessel. These openings were
formerly supposed to be the orifices of mucous glands ; but, while the

main ducts are studded with true mucous glands of lobulated form and
with minute orifices, the openings now referred to belong to saccular and
tubular recesses, which are often branched and anastomosing, and may
be beset all over with csecal projections (Theile). The larger bile-ducts

have areolar coats, containing abundant elastic tissue, and a certain

amount of plain muscular tissue disposed both longitudinally and
circularly. They are lined with columnar epithelium.

Fig. 549.

Fig. 549.

—

Sketches illustrating the mode op coiriiENCEiiENT of the bile-

CANALicuLi within THE LIVER-CELLS (Heiclenhaia after Knpffer).

A. Caiialiculi of the rabbit's liver, artificially injected from the hepatic duct, vdth.

Berlin blue solution. The intercellular canaliculi are seen to give off niinu.te twigs, which
penetrate into the liver-cells, and there terminate in vacuole-like enlargements.

B. Fi-om a frog's liver naturally injected with sulph-indigotate of soda. A similar

appearance is obtained, bat the communicating twigs are ramified.

In. the duplicature of peritoneum forming the left lateral ligament of the liver,

and also in the two fibrous bands which sometimes bridge over the fossa for the
vena cava and the fissure of the umbilical vein, there have been found biliary

ducts of considerable size which are not surrounded with lobules. These aherraoit

fhtcts as they are called, were described by Ferrein and afterwards by Kieman
;

they anastomose together in form of a network, and are accompanied by branches
of the vena portas, hepatic artery, and hepatic vein. They represent portions of

hepatic substance which were present at an early period of development but
have subsequently become atrophied.

L3rmph.atics of th.e liver.—Lymphatics are seen in the prolongations of
Grlisson's capsule between the lobules (interlobular lymj^liatics), where they
accompany the blood-vessels, and in some cases surround and enclose them. They
originate from the lymphatic spaces around the capillaries of the lobules (p. 247).

They unite into larger vessels which run along the portal canals and emerge at
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the portal fissure. Other lymphatic vessels accompany the branches of the liej)atiG

veins, also conveying- lymph from the perivascular lymphatics of the lobules.

There is further a close suhiyeritoneal plexus on the surface of the org-an, which
on the upper surface communicates, through the ligaments of the liver, with the
thoracic lymphatics, and on the under surface with the lymphatics of Glisson's

capsule.

In the pig^'s liver Ijanphoid follicles have been noticed by Kisselew and
Chrzonszczewsky, in connection with the interlobular lymphatics.

Structure of the G-all-bladder.—Besides the peritoneal investment and the
mucous lining, the gall-bladder possesses an intermediate muscular and connec-
tive tissue coat, of considerable strength. This consists mainly of bands of
dense shining white fibres, which interlace in all directions. Intermingled with
these are plain muscular fibres, which have principally a longitudinal direction,

but some run transversely. This coat forms the framework of the organ, and
supports the larger blood-vessels and lymphatics. The nerves form a gangliated

plexus within it
;
partly also immediately beneath the serous coat (L. Gerlach).

The mucous mem 'bran e ,which after death is generally strongly tinged with bile, is

elevated upon its inner surface into very numerous small ridges, which, uniting

together into meshes, leave between them depressions of different sizes and of
various polygonal forms. Tliis gives the interior of the gall-bladder an alveolar

aspect, similar to what is seen on a smaller scale in the vesiculse seminales.

These alveolar intervals become smaller towards the fundus and neck of the
gall-bladder ; and at the bottom of the larger ones, other minute depressions,

which may be seen with a simple lens, lead into numerous mucous recesses.

The whole of the mucous membrane is covered by columnar epithelium, and it

secretes an abundance of viscid mucus. The blood-vessels form a close network
near the surface of the mucous membrane, and there is also a fine lymphatic
plexus in the mucous membrane, communicating with a network of larger

vessels in the serous coat.

At the places where the neck of the gall-bladder curves on itself there are

strong folds of its mucous and areolar coats projecting into the interior.

In the cystic duct, the mucous membrane is elevated internally in a similar

manner into a series of crescentic folds, which are arranged in an oblique direc-

tion, and succeed closely to each other, so as to present very much the appearance

of a continuous spiral valve. AThen distended, the outer surface of the duct ap-

l?ears to be indented in the situation of these folds, and dilated or swollen in the

intervals, so as to present an irregularly sacculated or twisted appearance. In the

structure of its wall, the cystic duct resembles the gall-bladder.

Keoent liiterature.—On the structure of the liver generally : Ilering, in Strieker's

Handbook, 1871 ; Heidenhain, in Hermann's Handbuch, 1880. On the origin of the

bile-ducts : Kwpffer, in Tagebl. d. 46 Versamml. d. Naturf., 1873, and in Schriften d.

naturw. Yer. f. Schleswig-Holstein, III. ; Legros, in Journ. de I'anat., 1874 ; Asp, in

Sachs. Bericht., 1873; Peszhe, Beitrage, &c., Dorpat, 1874; Popoff, in Virch. Arch.,

LXXXI. On the terminations of the hepatic artery : Colinlieim n.IAtteii, in Virch. Arch.,

LXVII. On the connective tissue of the liver : FleiscM, in Sachs. Bericht., 1874 ;

Kupffer, in Arch. f. mikr. Anat., XII., 1875 ; Turner (camel's liver), in Journal of

Anat. and Physiol. XI., 1877. On the structure of the gall-bladder : Deutscli, Dissert.

Berlin, 1875. On the position and form of the liver : His, in Arch. f. Anat. (u. Physiol.),

1878.

THE PAITCIIEAS.

ThQ ])ancreas (figs. 550, 551, P) is a long gland of a reclclisli cream

colour and irregnlarly prismatic shape, which lies across the posterior

wall of the abdomen, behind the stomach, and opposite the first lumbar

vertebra. Its right end is the larger and is termed the head (P') : it is

embraced by the curyatm-e of the duodenum (d), whilst the left extremity,

or tail, is in contact with the spleen (5j;/). It is moulded over the front

of the vertebral column, but the crura of the diaphragm and the great

vessels lie between it and the spine. Its head forms a considerable
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downward projection following the curve of the duodenum, and from its

upper border another Avell marked protuberance rises up to reach the

lesser curvature of the stomach, and to abut against the posterior wall of

the omentum opposite to the similar projection on the left lobe of the

liver (see fig. 550).

The pancreas varies consideralDly, in different cases, in its size and weight. It

is usually from 6 to 8 inches long, about 1| inches in average breadth, and from
half an inch to an inch in thickness, being thicker at its head and along its upper
border than elsewhere. The weight of the gland, according to Krause and Clen-

denning, is usually from 2j oz. to Sj oz. ; but Meckel has noted it as high as 6 oz.,

and Soemmerring as low as li oz.

Fig. 550.

vnr

Fig. 550.

—

View of the abdo:minal viscera from behind, after removal of the
SPINAL COLUMN AND THE WHOLE OF THE POSTERIOR WALL OF THE ABDOMEN, THE
PERITONEUM BEING LEFT (this and tlie next figure are taken from Prof. His' models). *

P, pancreas; P, its Iiead ; d, duodenum ; st, stomach; s'pl, spleen ; R.L., right lobe

of the liTOr ; L.S., Spigelian lobe ; v.c.i., vena cava inferior
;
p.r., portal vein ; b, com-

mon bile duct ; i.r., impression for the right kidney on the posterior surface of the liver

;

the situation of the two kidneys is well shown by the corresponding impressions in the

cast ; asc. col. , clesc. col. , ascending and descending colon
;
pt, back of the j)eritoneum ;

in, line of reflection of the mesentery seen through ; VIII, IX, X, XI, the corresponding
ribs ; il, ilium.

The pancreas has three surfaces, viz. : anterior, posterior and a narrow
inferior surface (His). These surfaces, like those of the liver, are

moulded to the adjacent organs.

The anterior surface, somev.^hat concave, is covered by the stomach,
which rests upon it.

ThQ posterior surface is attached by areolar tissue to the vena cava.
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the aorta, the superior mesenteric artery and vein, the commencement
of the vena portse, and the pillars of the diaphragm, all of which
parts, besides many lymphatic vessels and glands, are interposed between
it and the spine : to the left of the vertebral column it is attached
similarly to the left suprarenal capsule and kidney and to the renal

vessels. Of the large vessels situated behind the pancreas, the superior

mesenteric artery and vein are embraced by the substance of the gland,
the lower extremity of the head curving somewhat behind them,* so

as sometimes to enclose these vessels in a complete canal. They pass
downwards and forwards,and emerge from beneath the lower Ijorder of the
pancreas, between it and the termination of the duodenum (fig. 551). The
coeliac axis is above the pancreas ; and in a groove along the posterior

surface and upper border of the gland are placed the splenic artery and

Fig. 551.

—

The pancreas and adjoining viscera prom before. |.

The stomacli, the greater part of the small intestines, and the transverse colon have been
removed. P, pancreas ; d, duodenum ; d.j, its junction with the jejunum ; above the

duodenum, and between it and the head of the pancreas are seen the bile duct, portal

vein, and hepatic artery ; asc. col. , desc. col. , ascending and descending colon ; spl.

spleen; r.L, l.k., right and left kidneys; s.r., s.r', right and left suprarenal capsules;

pt, peritoneum at the back of the abdominal cavity ; in, line of reflection of the mesen-
tery ; the line of reflection of the transverse mesocolon is seen along the lower edge of the

pancreas and crossing the duodenum.

vein, the vein pm'suing a straight, and the artery a tortuous course, and
both supplying numerous branches to the pancreas, the narrow extremity

of which is attached to the inner or anterior surface of the spleen.

The common bile duct passes down behind the head of the pancreas

(fig. 550, 1)), and is generally received into a groove or canal in its substance.

The inferior surface is very narrow. The border which separates it

from the anterior surface is turned towards the root of the mesocolon,

while the inferior surface itself rests at one end on the junction of

duodenum and jejunum ; at the other or left end ou the extremity of

* This part of the gland is sometimes marked off from the rest, and is then named the

lesser faiicrcas.
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the transverse colon, and "between these points is turned towards the

general mass of the intestinal convolutions. This part of the inferior

surface has a special covering of peritoneum derived from the lower

layer of the mesocolon.

The principal excretory duct called the pancreatic duct or canal of
Wirsung, runs through the entire length of the gland, from left to

right, bmied completely in its substance, and placed rather nearer its

lower than its upper border. Commencing by the union of the small

ducts derived from the groups of lobules composing the tail of the

pancreas, and receiving in succession at various angles, and from all

sides, the ducts from the body of the gland, the canal of Wirsung in-

creases in size as it advances towards the head of the pancreas, where,

amongst other large branches, it is usually joined by one derived from
that portion of the gland called the lesser pancreas. Curving slightly

downwards, the pancreatic duct then comes into contact with the left

side of the common bile duct, which it accompanies to the posterior part

of the descending portion of the duodenum. Here the two ducts, placed

side by side, pass very obliquely through the muscular and areolar coats

of the intestine, and terminate, as aheady described, on its internal

sm'face, by a common orifice, situated at the junction of the second and
third portions of the duodenum, between three and four inches below the

pylorus. The pancreatic duct, with its branches, is readily distinguished

within the glandular substance, by the very white appearance of its thin

fibrous walls. Its widest part, near the duodenum, is from ^th to -Jth

of an inch in diameter, or nearly the size of an ordinary quill. It is lined

by a remarkably thin and smooth membrane, which near the termination

of the duct may present a few scattered recesses.

"Varieties.—Sometimes the duct is double up to its point of entrance into tlie

duodenum ; and a still furtlier deviation from the ordinary condition is not
unfrequently observed, in which there is a sujjjylementary duct, derived from the

lesser pancreas or some part of the head of the gland, opening into the duodenum
by a distinct orifice, at a distance of an inch or more from the termination of

the principal duct. It sometimes occurs that the pancreatic duct and the common
bile duct open separately into the duodenum.

"Vessels and Nerves.—Like the salivary glands, the pancreas receives its

blood-vessels at numerous points. Its arteries are derived from the splenic and
from the superior and inferior pancreatico-duodenal branches of the hepatic and
ssuperior mesenteric. Its blood is returned by the splenic and superior mesenteric

veins. Its lymphatics terminate in the lumbar vessels and glands. The nerves

of the pancreas are derived from the solar plexus.

Structure.—The pancreas belongs to the class of acino-tubular

glands. In its general characters it closely resembles the salivary

glands, but it is somewhat looser and softer in its texture than those

organs, the lobes and lobules being less compactly arranged.

The ducts are lined with a simple layer of columnar epithelium, the

cells becoming shorter and more cubical in the smaller ducts. They
do not exhibit any well-marked longitudinal striation like that met with
in the duct-cells of some of the salivary glands. The ultimate branches

of the ducts which are connected with the alveoli (intercalary

ducts), are much narrowed, and are lined with flattened cells, looliiing

spindle-shaped in optical section. The alveoli of the gland are distinctly

tubular, and frequently convoluted. In the inactive condition of the

gland, and during the earlier stages of activity, the alveoli are almost
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completely occupied by the secreting cells, scarcely any lumen being
visible. Moreover the middle of the alveolus is in many parts occu-
pied by spindle-shaped cells (centro-acinar cells) which according to
Langerhans are continuous with the epithelium-cells of the intercalary-
ducts.

Fig. 552. Fig. 552.—Section of the pancreas
OP THE DOG. (Klein.)

d, termination of a duct in the tubular
alveoli, a : the two zones in the alveolar
cells are well seen.

The secreting cells of the pan-
creas have a very characteristic

appearance. In shape they are

broadly columnar, in some parts
approaching the polygonal form,
and they show very distinctly,

even in the inactive condition of
the gland, two parts or zones;
an inner granular zone next the
lumen, and an outer clear and
finely striated zone next the base-
ment membrane (fig. 552).

When tlie gland is stimulated to activity the cells at first enlarge and bulge the
basement membrane

; subsequently the granules of the inner zone become fewer
-in number and aggregated near the lumen, and the outer clear zone extends over
the greater part of the cell (Heidenhain, Kiihne and Lea).

Various observers after forcing injections into the alveoli of the pancreas back-
wards from the duct, have seen fine intercellular canaliculi, comparable to those
of the liver, passing from the lumen of an alveolus between the secreting cells.

Fig. 553. Fig. 553.

—

An alveolus op the pancreas injected from
THE excretory DUCT (Saviotti). Highly magnified.

The alveolar cells and nuclei are only faintly indicated; those

of the duct are not represented at all. The injection is seen
filling the central cavity of the alveolus, and passing from this

in fine channels (represented by black reticulating lines) be-

tween and around the cells (after Saviotti).

The connective tissue of the gland, after forming a sort

of external investment, penetrates betvs^een its lobes or

lobules conveying the blood-vessels to all parts. They
are not however everywhere equally numerous, for some
acini are not surrounded by the capillary network. On
the other hand in certain parts of the interalveolar tissue

collections of small cells are met with which are sur-

rounded with a very close network of large convoluted capillaries. The cells in

question look like small epithelium-cells but their meaning is entirely unknown.
The lymphatics of the pancreas have the same arrangement as in the salivary glands.

The mode or termination of the nerves, which are almost exclusively non-
niedullated, has not been ascertained.

Kecent Literature.

—

Langerhans, Beitvage, &c., Berlin, 1869 ;
Saviotti, Arch. f.

mikr. Anat., V. 18(39 ; Latsclienbergcr in Wiener Sitzungsb., 65, 1872 ; Heidenhain m
Pfliiger's Arch., X. 1875 ; and Article " Absonderung, " in Hermann's Handbuch, 1880;
Kiihne u. Lea in Heidelberg Verhandl. I. 1876 ; G. d: F. Hocjijcm in Journ. of Anat.,

1881 (efferent lymphatics in rodents).
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THE SPLEEN".

The spleen (figs. 550, 551, spl) is a soft higiily vascular and easily

distensible organ, of a dark purplish grey colour. It is placed obliquely

in the back of the left hypochondrium, between the cardiac end of the

stomach, and the diaphragm, and in the line of the axilla extends

from the 8th to the 11th rib. It is the largest of the organs termed
ductless glands.

The shape of the spleen is variable, but when examined in the ordi-

nary way after removal from the body, it usually appears either flattened

or concavo-convex. But if previously hardened in situ it is found to

present a somewhat compressed oval shape, having tliree surfaces. Of
these, one, the external and posterior, is large and convex, fitting against

the commencement of the arch of the diaphragm, and looking upwards,

backwards, and to the left. A second, the narrowest, is placed vertically,

and looks directly inwards, being applied to the outer border of the

left kidney ; Avhilst the tlikd surface, which is separated from that last

described by a distinct vertical ridge, is larger than it, and concave.

This surface is applied to the great cul-de-sac of the stomach, and is in

•contact also with the tail of the pancreas, and with the extremity of the

arch of the colon (splenic flexure). Near the ridge above mentioned
there is a vertical fissure in the anterior surface, at the part where the

vessels and nerves enter the organ (see fig. 551) ; this part is termed the

Mlus. On either side of the hilus, the peritoneum, which covers the

whole of the rest of the spleen, leaves the organ, and passes, as the

gastro-splenic omentum, into continuity with the left border of the great

omentum, attaching the spleen to the left extremity of the stomach. In
^some cases there is no distinct fissure at the hilus. The anterior border

is often slightly notched, especially towards the lower part (fig. 551).

The lower end of the organ is pointed, and rests on the costo-coHo

ligament.

The spleen varies in magnitude more than any other organ in tlie body ; and
this not only in different subjects, but, as may be ascertained by percussion, in

the same individual, under different conditions. On this account it is difficult or

impossible to state what are its ordinary -weight and dimensions : in the adult it

measures generally about 5 or 5J inches in length, 3 or 4 inches in breadth, and 1

or 1^ inch in thickness ; and its usual volume, according to Krause, is from 9f to

15 cubic inches. After the age of forty the average weight gradually diminishes.

In intermittent and some other fevers the spleen is much enlarged, reaching

below the ribs, and often weighing as much as 18 or 20 lbs.

Sraall detached roundish nodules are occasionally found in the neighbourhood

of tne spleen, similar to it in substance. These are commonly named accessory

or supplementary spleens (splenculi ; lienculi). One or two most commonly occur,

but a greater number, and even up to twenty-three, have been met with. They
are small rounded masses, varying from the size of a pea to that of a walnut.

They are usually situated near the lower end of the spleen, either in the gastro-

splenic omentum, or in the great omentum.

BTRUCTUEE OF THE SPLEEN.

The spleen has two membranous investments—a serous coat derived

from the peritoneum, and a special tunic. The soft substance (pulp) of

the organ is supported by a reticular framework of whitish bands or

trabeculm.
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The serous coat is thin, smooth, and firmly adherent to the tunica

propria beneath. It closely invests the surface of the organ, except at

the places of its reflection to the stomach and diaphragm, and at the

hilus.

Fig. 554. Fig. 554.

—

Vertical section

OF A SMALL SUPERFICIAL
PORTION OF THE HUMAN
SPLEEN (from Kolliker).

Magnified with a low power.

A, peritoneal and fibrous

covering ; h, trabeculae ; c c,

Malpighian corpuscles, in one
of which an artery is seen cut

transversely, in the other longi-

tudinally ; d, injected arterial

twigs ; e, spleen-puljD,

The tunica propria
(fig. 554, a), much
thicker and stronger

than the serous coat, is

whitish in colour and
highly elastic. It is

continuous with the tra-

becular structure within.

Along the hilus this

coat is reflected into the

interior of the spleen, in the form of large trabeculas, . supported

and enclosed by which run the blood-vessels and nerves ; so that

these are ensheathed by prolongations of the fibrous coat. These

Fig. 555.

Fig. 555.

—

Thin section of spleen-pulp, highly magnified, showing the mode of
ORIGIN op a small VEIN. (E.A.S.)

T, the vein, filled with hlood-corpiiscles, which are in continuity with others, II, filling

up the interstices of the retiform tissue of the pulp. At p the blood-corpuscles have been

omitted from the figure, and the branched cells are better seen ; ^v, wall of the vein.

The shaded bodies amongst the red blood-corpuscles are pale corpuscles.

sheaths ramify with the vessels which they include, as far as their finer

subdivisions, and are connected with numerous trabecular processes



STEUCTUEE OF THE SPLEEA^. C41

wliich pass into the iutcrior from the whole inner surface of the fibrous

coat. The arrangement of the sheaths and trabeculse may be easily

displayed in the spleen of the ox by presshig and washing out the

pulp trom a section ; and then they are seen to form a close reticu-

lation through the substance. Thus, the proper coat, the sheaths

of the Tessels, and the trabeculas, all of a highly elastic nature,

constitute a distensible framework, Avhich contains in its interstices

or areolce the red pulp. These fibrous structures are composed of

interlaced bundles of areolar tissue containing a large amount of fine

elastic tissue, and a few plain muscular fibre-cells. In the spleen of

the pig, the dog, and the cat, and to a smaller extent in that of the

ox and sheep, there is a far more abundant admixture of muscular

tissue.

The pulp of the spleen is of a dark reddish-brown colour : when
pressed out from between the trabeculas it resembles grumous blood, and,

like that, acquires a brighter hue on exposure to the air.

When a thin section which has been treated with solution of potash

is examined under the microscope the pulp is seen to be cveryAvhere

pervaded by a reticulum of fine fibres, j)robably elastic, and continuous

with the tissue of the trabeculte. These fibres are in the natural con-

dition covered over and concealed by branched connective -tissue

corpuscles, which are of various forms and sizes ; in some parts little

but the intercommunicating branches remaining, in other parts the cells

being larger and flatter and in closer connection (fig. 555, p). These
corpuscles, which may be termed the supporting cells of the pulp, contain

each a round or oval nucleus, like connective-tissue cells generally : and,

in teased-out preparations of the fresh spleen substance it is not un-
common to find within them yellowish pigment granules of various sizes,

jjresumably derived from blood-corpuscles. In the young subject the

nuclei of many of these cells have been noticed to be multiple, or to be
beset with prominences as if budding. The interstices between the

snstentacular cells are, in sections of the hardened organ, altvays found
to be occupied by blood (fig. 555, 11), white corpuscles occun-ing in

rather larger j^roportion than in ordinary blood, especially in the neigh-

bourhood of the Malpighian corpuscles to be immediately described. In
close relation to the branched or flattened cells of the pulp, and occupy-
ing some of the smaller interstices between them, rounded, unbranched
cells are seen, larger than Avhite blood corpuscles, but otherwise much
resembling them. These cells are amoeboid and like the fixed cells of

the pulp often contain both red blood corpuscles and clumps of pigment
granules.

Blood-vessels.—The splenic artery and vein, alike remarkable for

their great proportionate size, having entered the spleen by six or more
branches, ramify in its interior, enclosed within the trabecular sheaths

aheady described.

The smaller branches of the arteries leave the trabeculas, and, passing

into the proper substance of the spleen, divide into small tufts

of arterioles ai-rauged in pencils (fig. 55G). But before they thus

terminate, the adventitious fibrous coat which is prolonged over them
from the trabeculas becomes transformed into lymphoid tissue, which
forms a comparatively thick sheath along each. This lymphoid sheath

is abruptly dilated here and there into small oval or spheroidal enlarge-

ments, measuriug on an average ^^^ of an inch in diameter, but varying
VOL. It. T T
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in siz3 from much smaller than this up to g^-th of an inch, and closely-

resembling the lymphoid follicles met with in the intestine and elsewhere.

These lymphoid expansions may be seen on the surface of a fresh section

of the organ as light-coloured spots scattered in the dark substance
composing the pulp, and have been long noticed and described as

the Malpighian corpuscles of the spleen (fig. 55-i, c c ; fig. 55G).
In some cases the corpuscle is developed upon one side only of the
arterial wall, upon which it then appears to be sessile ; whilst in other
instances—and this is the most frequent in the human subject

—

the expansion takes place all round the circumference of the

vessel, by which it then appears to be pierced. In either case the
artery sends off radiating branches to be distributed in the Malpighian
corpuscle.

Fig. 556. Fig. 556.

—

Small artery from the
dog's spleen with malpighian cor-
puscles ATTACHED. 10 DiAMETERS
(Kolliker).

As just stated, the Malpighian
corpuscles are locahzed expan-
sions of the lymphoid tissue of

which the external coat of the
smaller arteries of the spleen is

formed. The reticulum of the
tissue is comparatively open, being
almost absent towards the centre

of the corpuscle : at the confines

it becomes closer ; there is, how-
ever, no distinct boundary sepa-

rating it from the retiform tissue

of the pulp. The meshes are

densely packed with lymphoid
corpuscles, and the tissue is

traversed by blood caj)illaries.

The small arteries terminate

in capillaries, which after a longer or shorter course, lose their tubular

character, the cells which compose their wall becoming partially sepa-

rated from one another by elongated clefts ; those at the extremity of

the capillary acquiring processes and becoming united by these with

the connective tissue cells of the pulp. In this manner their blood can
flow directly into the interstices of the pulp tissue. The veins, which
form a network of intercommunicating spaces within the pulp, commence
in the same manner as the capillaries terminate ; that is to say, the

layer of flattened cells which lines and mainly composes their walls, on
being traced back, loses its epithelioid character, and the cells, becoming-

thickened and spindle-shaped and their nuclei prominent, are found

to be separated here and there from each other, and to be connected

by processes with the cells of the pulp (fig. .555). The small veins take

a different course from the arteries, for they soon pass to the trabecute

and are conducted upon and within these, freely joiniug and anasto-

mosing ; whereas the arteries appear to have few or no anastomoses

within the substance of the organ.

The small veins within the puljD of the human spleen often exhibit
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peculiar transverse markings. These are produced by fine elastic fibres

of the reticulum above described, which encircle the vessels.

From the description above given, it would appear tliat the blood in passing-

through the spleen is brought into immediate relation with the elements of the
pulp, and no doubt undergoes important changes in the jjassage ; in this respect

resembling the lymph as it passes through the lymphatic glands. Two modifica-

tions which are probably effected in it may be here pointed out. In the first

place the lymphoid tissue ensheathing the arteries, together with that composing
the Malpighian corpuscles, woidd appear, like the same tissue in the lymphatic
glands, and other parte, to be the seat of the production of pale blood corpuscles.

At the circumference of this tissue, these may pass into the interstices of the
pulp, and so fato the blood. It is found, in fact, that the blood of the splenic

vera is extremely rich in pale corpuscles. In the second place, red lolood-

corpuscles may be taken up by the pulp-cells, their colouring matter being
transformed into pigment. The splenic cells have, indeed, been noticed, when
examined on the warm stage, to take red corpuscles, which were in contact with
them, into their interior.

The lymphatics of the spleen foi-m two systems, a trabecular and ^perivascxdar.

The vessels belonging to the former run in the trabeculte and are in communica-
tion with a superficial network in the capsule. The perivascular take origin in

the interstices of the lymphoid tissue which ensheaths the smaller arteries, and
which forms the Malpighian corpuscles ; they do not, therefore, at first form
distinct vessels. "When these are seen they commonly mn in pairs, one on either

side of an artery, uniting over it by frequent anastomoses, and sometimes
partially or wholly enclosing it. At the hilus the two sets of lymphatics join

and i^roceed along the gastro-splenic omentum to the neighbouring lymphatic
glands.

The nerves, derived from the solar plexus, surround and accompany the
splenic artery and its branches. They are most probably distributed to tho
vessels and plain muscular tissue of the framework.
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SUPRAREM-AL BODIES.

The suprarenal loclies or capsules {capsules, aircibilarm seu renes suc^

tenturiati of old anatomists), are two flattened bodies, belonging to the

-class of organs formerly known as ductless glands, each of which sur-

mounts the corresponding kidney (fig. 557). The upper border of

the right capsule, convex and thin, is often considerably elevated in the

middle so as to give the body a triangular form. The lower border

is concave, and rests upon the anterior and inner part of the summit
of the kidney, to which it is connected by loose areolar tissue : it is

thick, and almost abvays deeply grooved. The posterior surface rests

upon the diaphragm. The anterior surface presents an irregular fissure

named the hilus, from which the suprarenal vein emerges (fig. 558, v).

The right capsule is pyramidal in shape and projects more above the
T T 2
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kidney than the left, it is covered by the liver (at the impressio
suprarenalis). The left capsule is more crescentic in form and is

generally larger than the right. In most cases it only just projects

abo^'e the kidney. The concave border rests against the convex inner
border of the head of the kidney. It is in contact below with the
pancreas, above and externally with the spleen. Its posterior surface

rests against the left crus of the diaphragm; its anterior surface is

covered by the stomach and pancreas.

Fig. 557. Fig. 558.

Fig. 557.

—

Front view of the eight kidney and suprakenal body of a full-
grown FCETus (Allen Thomson).

This figure shows the lobulated form of the fcetal kidney, r ; t; the renal vein and
aTtery ; u, the ureter ; s, the suprarenal capsule, the letter is placed near the sulcus in

which the large veins {v') are seen emerging from the interior of the organ.

Fig. 558.

—

Section of the suprarenal body (Allen Thomson).

A vertical section of the suprarenal body of a fostus, twice the natural size, showing
the lower notch by which it rests on the summit of the kidney, and the anterior notch by
which the veins issue, together with the distinction between the medullary and cortical

substance.

The suprarenal capsules measure from an inch and a quarter to an
inch and three-quarters from above down, and about an inch and a

quarter from side to side ; their thiclmess is from one-sixth to one-

quarter of an inch. The iveigM of each in the adult is from one to two
clraclmis.

Structure.—Besides a covering of areolar tissue mixed frequently

with much fat, the suprarenal capsules have a thin fibrous investment.

On the exterior their colour is yellowish or brownish-yellow. When
divided (fig. 558), they are seen to consist of two substances : one,

external or cortical, is of a deep yellow colour, firm and striated,

and forms the j)rincipal mass of the organ ; the other, internal or

medullary, is in the adult of a dark brownish-black hue, and so soft

and pulpy that some anatomists have erroneously described a cavity

within it.

The fibrous investment (fig. 559, (i), which is distinguishable into
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an outer looser and an inner iii-mer part, is so intimately connected witli

the deejDer parts that it cannot be remo^'ed without lacerating- the sub-

jacent structure. Its deeper layers contain plain muscular cells, at least

in some animals : it is continuous "svith the septa which enter into the

formation of the substance of the oro-an.

Fig. 5.o9.

—

Vertical section of &trpRA- Fig. 559.

KENAL BODY : HUMAN. MAGNIFIED (Eberth).

1, cortical substance ; 2, medullary sub-

stance : a, capsule ; h, zona glomerulosa

;

c, zona fasciculata ; d, zona reticularis ; e,

groups of medullary cells ; /, section of a

lai-ge vein.

The cortical part of the supra

renal body, examined in a section

with a low magnitying power (fig.

559, 1), is seen to consist of a

fibrous stroma, in which are im-

bedded column-like, intercommmii-

cating groups of cells (c). The groups

measure on an average rorrth of an
inch in diameter, and are arranged

vertically to the surface of the

organ. In the deepest part of the

cortex, however, the colom* is darker,

and the columnar arrangement is

lost, the stroma being more equaUy
distributed id); and immediately

beneath the fibrous coat there is

another narrow zone in which the

stroma encloses what in section look

like rounded or oval spaces occu-

pied by groujDS of cells, which are

really the outer ends of the

columnar groups above men-
tioned (&}.

These inner and outer layers have been named by J. Arnold respectively zona
reticularis and zona glomerulosa, while he applies the term zona fasciculata to

the main part (c) ; but the transition from one of these parts to another is not
sudden nor indicated by any line of demarcation.

The cells which form the groups and columns of the cortical substance

are polyhedral in form (fig. 560): their protoplasm is finely reticular,

and not unfrequently contains yellowish oil globules. The cells vary
from a-oVotb to Ta'siyth of an inch in size : each has a clear round
nucleus.

In some animals (liorse, dog), the spaces of the zona glomerulosa are occupied
by regularly arranged long columnar cells, set around a sort of lumen, and looking
not unlike part of a glandular tube. In man, however, most of the cells of this

part are polyhedral, like those of the other zones.

The small arteries, entering from the surface, run in the septa parallel to the
columns, frequently anastomosing together between them, and surrounding each
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group of cells vriih a fine capillary netvrork. Small brmdles of nerves jiass in-

wards in the septa berween the columns to reach the medullary pai-t of the organ,

and their fibres begin to spread out in the zona reticularis, but do not appear to

be distributed to the cortical substance.

Lymphatics run in the trabeculas of the cortical substance and are connected

with cleft-like spaces between the trabeculaj and the cell-coltimns. and even

-with fine clefts between the cells within the columns (Elein). They communicate
with efferent valved lymphatics both in the fibrotis coat and in the medulla

around the central vein.

The medullary part (ng. 550, 2) of the suprarenal capsule is marked
off from the C'.Trical part by a layer of loose comiective tissue. In the

thinner parts of the adult organ there is no medullary paiT, and the layer

of connective tissue referred to is found separatmg the deep sm-faces of two

Fi?. 560. Fis. 561.

ji/i^.-iS^V^——,— -^ i-^c^gi <@/j

Fig. 560.

—

Cells A^D cEiL-GRoups fkoji the outermost later of the cortical srB5TA>'ci:

OF THE SUPEAEEXAL BODY. HiGHLT JIAGyiFIED (Eberth).

Fig. 561. ^A S3LU.L PORTION OF THE 3IEDULLART PART OF THE SUPKASE:rAL CAPSULE
OF TEE OX (Eberth). Highly 2iagxified.

opposed portions of the cortical part ; but in the young state the distinc-

tion of cortical and medullary portions probably extends throughout the

whole gland. The medullary pai-t is pervaded by large venous capillaries,

which receive the whole of the blood which has passed through the organ.

These venous capillaries are supported by the fibrous stroma, which also

contains, especially in man, a number of bundles of plain muscular cells

disposed parallel to the course of the larger veins, and forming a com-
plete investment to the issuing suprarenal vein (v. Brunn). The general

arrangement ijf the stroma is reticular ; in its meshes are enclosed groups
of cells (fig. 5G1), which differ from those of the cortex in being more
irregular in form, of a clearer aspect and destitute of oil-globules. More-
over they become stained of a deep brown colour, by solutions of bi-

chromate of potash, whereas the cortical cells are but slightly tinged by
that re-agent. ,

In some animnls the medullary cells contain a large amount of reddish-brown
pigment, but this is not generally the case in the human subject, the deep colour

of the medulla being chiefly due to the blood within its nomerotLS vessels.

The btmdles of nerves which pass through the cortical substance run
between it and the medidlary substance, and then form a copious inter-

lacement which extends through the whole medidlarv stroma. Indeed,
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some observers (Levdig and Lnsclika) hare regarded the cells of the me-
dullary substance as nerre-ceUs. Moers and others describe ganglion-cells

on the nervous plexuses in the medulla, and there are also gangha on the

nerves vrhich ramify in the fibrous investment (Henle). The meduhaiy
substance receives its blood by the continuation inwards of the capillary

network of the cortex. The blood is collected by venous radicles which
open into the stems in the centre of the organ and these emerge at the

hilus.

Vessels.—The suprarenal bodies receive arteries from three sources, riz., from
the aorta, the pkrenic, and the renal arteries.

The veins, ^vhich pass out from the centre, are usually united into one for each
org-an. The right vein enters the vena cava inferior immediately, whilst the left.,

after a longer course, terminates in the left renal vein.

Nerves.—The nerves which are exceedingly numerous are derived fron: the
solar plexus of the sympathetic, and from the renal plexuses. According to

Bergmann, some filaments come from the phrenic and pneumogastric nerves.

They are made u^ mainly of medullated fibres, of different sizes, and they have
many small ganglia upon them before entering the organ. The nerves are

especially numerous iu the lower half, and inner border.

Accessory svjirarena! cajjsules are occasionally met with, attached by con-

nective tissue to the main bodies ; and varying from a small size up to that of a
pea. According to Duckworth they possess no medullary part.

Function.— N'otbing is known positively with regard to the frmction of the

suprarenal capsules. The opinion which has met with most acceptance among
physiologists is that these bodies belong to the class of blood-vascular glands, and
exert some influence upon the elaboration or disintegration of nutritive material.

The product of the cell-activity, whatever it may be, is believed by Klein to be
carried off by the lymphatics of the organ, as in the analogous case of the thyroid

body. Bergmann. however, who wr.s the first to porut out the richness of their

nervous supply, suggested that they were parts of the sympathetic nervous
system, and in this opinion he has been followed by Leydig and Ltischka. A
bronzed tint of skin, together with progressive emaciation and loss of strength,

is frequently found in conjunction with various forms of disease more or less in-

volving and altering the structure of these bodies (Addisons disease).
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THE rPJXAET OEGAXS.

The urinary organs consist of the Icidneys, the glands by which the

urine is secreted, and the ureters, Uadder, and urethra, serving for its

reception and evacuation.

THE KIDNEYS.
The Iciilneys, two in number, are deeply seated in the loins, lying

one on each side of the verteljral column, at the back part of the

abdominal cavity, and behind the peritoneum. They ai-e on a level

Avith the last dorsal and the two or three upper lumbar vertebra?, the
right kidney being usually a little lower than the left, probably in

consequence of the vicinity oi the lai'ge right lobe of the liver. They
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are maintained in this position by their vessels, and by a quantity of

surrounding loose areolar tissue, which usually contains much fat (tunica

adiposa).

Fig. 562.

Fig. 562.

—

The urinary organs of the female from behind (Henle).

R, right kidney ; U. commencement of the meter ; A, aorta ; Ar, right renal artery

;

Tc, vena cava ; Vr, right renal vein ; Vu, nrirary bladder ; Ua, commencement of

urethra, h

The kidneys measure about 4 inches in length, 2-i inches in breadth,

and li inch or more in thickness. The left is usually longer and
narrower than the right. The weight of the kidney is usually stated to

be about 4| oz. in the male, and somewhat less in the female.
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Porm and Connections.—The surface of the kidney is smooth, and
of a deep red colour. Its form is peculiar : it is compressed from before

backwards with a conyex outer, and concave inner border, and somewhat
enlarged extremities, the upper extremity being sei somewhat further

back than the lower.

The anterior surface^ more convex than the posterior, looks somewhat
outwards, and is partially covered at its upper end by the peritoneum.

The duodenum and commencement of the transverse colon, both destitute

of peritoneum behind, are in contact with the anterior surface of the right

kidney, and the descending colon with that of the left. The front of

the right kidney, moreover, touches the under surface of the hver, and
that of the left the fundus of the stomach, the latter producing a slight

concave impression on the kidney. Below, the anterior surface of the

left kidney comes in contact with the pancreas. T\\q jwsterior surface,

imbedded in areolar tissue, rests firstly upon the lower part of the arch

of the diaphragm, in front of and below the twelfth rib ; secondly, on
the anterior layer of lumbar fascia, covering the quadi'atus lamborum
muscle ; and, lastly, on the j)soas muscle which corresponds with a

shallow concave impression on the posterior surface of the organ. The
external lorder, convex in its general outline, is directed somewhat back-

wards towards the wall of the abdomen. On the left side it is in contact

for the upper two-thirds of its extent with the spleen. The internal

border, concave and deeply excavated towards the middle, is directed a

little downwards and forwards. It exhibits a longitudinal fissure

boimded by an anterior and posterior lip, and named the hilus of the

Jcidncu, at which the vessels, the excretory duct, and the nerves enter or

pass out. In this hilus, the renal vein lies in front, the artery and its

branches next, and the expanded excretory duct or ureter behind and
towards the lower part. The upper end of the kidney, which is larger

than the lower, is thick and rounded, and supports tlie suprarenal cap-

sule, which descends a little way upon its anterior surface. This end of

the kidney reaches, on the left side, to about the upper border of the

twelfth dorsal vertebra, and on the right, half an inch lower. It is more-
over directed slightly inwards, so that the upper ends of the two kidneys

are nearer to each other than the lower ends, which are smaller and some-
what flattened, diverge slightly from the spine, and reach nearly as low
as the crest of the ilirnn.

Varieties.—Tlie kiclnevs are sometimes longer and narrower, and sometimes
shorter and more rounded than usual. Occasionally one kidney is very small

whilst the other is proportionately enlarged. They may be situated lower down
than usual, even in the pelvis.

Instances are now and then met with in which the two kidneys are joined by
their lower ends across the front of the great blood-vessels and vertebral column.

The conjunct organ has usually the form of a horse-shoe. Sometimes two united

kidneys are situated on one or other side of the vertebral column, in the lumbar
region, or, but much more rarely, in the cavity of the pelvis. In other very rare

cases three glandular masses have been found, the supernumerary organ being

placed either in front or on one side of the vertebral column, or in the pelvic cavity.

Structure.—The kidney is surrounded by a proper fibrous coat,

which forms a thin, smooth, but firm investment, closely covering the

organ. It consists of dense areolar tissue, with numerous fine elastic

fibres, and can easily be detached from the substance of the gland,

to which it adheres by minute processes of connective tissue and
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vessels. Underneath the cai^sule in the human kidney is an incomplete
layer of plain mnscnlar fibres.

On splitting open the kidney by a longitudinal section, from its outer

to its inner border, the fissure named the hilus (fig. 563, h, h) is found
to extend some distance into the interior of the organ, forming a cavity

called the sinus of the kidney (s). This is enclosed on all sides except

at the hilus by the solid substance of the organ ; and is lined by an
inward prolongation of the fibrous coat. The solid part consists of

cortical and mcdul'lary substance ; the latter being arranged in separate

conical masses named " pyramids of Malpighi," with their broad bases

(h, h) directed towards the surface, and their points towards the sinus,

where they form prominent pcqjiUcc. The pyramids are imbedded in

the cortical substance, which separates them from each other, and
encloses them everywhere except at the papilla), which emerge from it

and project into the sinus.

The external or cortical substance («) is situated immediately within

the fibrous capsule, and forms the superficial part of the organ through-

Fi- 563 Fig. 563.

—

Plan of a longitudinal section

THROUGH THE I'ELVIS AND SUBSTANCE OF
THE BIGHT KIDNEV. OnE-HALF THE
NATURAL SIZE.

a, the cortical substance ; h, h, broatl

part of two of the pyramids of ]\Iali)ighi ;

c, c, the divisions of the pelvis named
calices, or infundibula, laid open ; c', one

of these unopened ; d, d, summit of the

pj'ramids or papilhe projecting into calices ;

€, e, section of the narrow part of two

pyramids near the calices
; p, pelvis or

enlarged portion of the iireter within the

kidney ; w, the ureter ; s, the sinus ; h,

the hilus.

out its whole extent to the depth of

about two lines, and moreover sends

prolongations inwards {sej^iula re-

9110)1, or colmnncR Bertini) between

the pyramids as far as the sinus and
bases of the papillre. It is of a nearly

tmiform light crimson brown appearance, and is soft and easily lacerated

in directions vertical to the surface. The medullary portion of the

kidney is more dense than the cortical, and is distinctly striated, owing

to its consisting of small diverging uriniferous tubes, and to its blood-

vessels l)eing arranged in a similar manner. There are generally more

than twelve pyramids, but their number is inconstant, varying from eighti

to eighteen. Towards the papillae the pyramids are of a lighter colour

than the cortical substance, but at their base they are usually purplish

and darker.

Excretory apparatus.—On squeezing a fresh kidney which has

been split open, a Httle urine wih be seen to drain from the papillae by

fine orifices on their surface. The secretion is carried away and con-

veyed into the bladder by the ureter. This long tube on being traced

up to the kidney is seen to be someAvhat enlarged, and then to expand

as it enters the fissure, into a large funnel-shaped dilatation named the
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pelvis (fig. 546, P). This ^vithin the sinus, divides usually into three,

but sometimes only two primary tubular divisions, and these at length

end in a larger number of short, truncated but comparatively wide

branches named calices or infundi'bula, which receive the papilla into

their wide mouths and are attached around the bases of those prominences

from which, of course, they catch the issuing urine.

Fig. 564.

—

Cast of the ixterior of the upper
END OF THE TBETER (Heille).

P, ])elvis ; U, ureter.

Fig. 564.

A single cahx often surrounds two,

sometimes even three papillc"e, which

are in that case united together ; hence,

the calices are in general not so nume-
rous as the papilke. The spaces between

the calices are occupied by a consider-

able amount of fat, imbedded in which
are seen the main branches of the renal

vessels.

Like the rest of the ureter, the pelvis

and greater part of the cahces consist

of tlu'ce coats, viz., a strong external

fibrous and elastic tunic, which becomes
continuous around the bases of the

papillsB with that part of the proper

coat of the kidney which is continued

into the sinus ; secondly, a thin internal mucous coat, which, or at least

its epithelium, is reflected over the summit of each papilla ; and thirdly,

between these two, a double layer of muscular fibres, longitudinal and
circular. The longitudinal fibres are lost near the extremity of the calix,

but the circular fibres, according to Henle, form a continuous circular

muscle round the jDapilla vrhere the wall of the calix is attached to it.

The pyramidal masses found in the adult kidney indicate the original sepa-

ration of this gland into lobules in the earlier stages of its growth.

Each of these primitive lobules is in fact a pyramid surrounded by a proper in-

vestment of cortical substance, and is analogous to one of the lobules of the
divided kidneys seen in many of the lower animals. As the human kidney con-

tinues to be developed, the adjacent sm-faces of the lobules coalesce and the
gland becomes a single mass ; the contiguous parts of the originally separate

cortical investments, being blended together, form the partitions between the

pyramids already described. Moreover, upon the surface of the kidney even in

the adult, after the removal of the iibrous capsule, faintly marked furrows maj^

be traced on the cortical substance, opposite the intervals in the interior between
the several ilalpighian pja-amids ; and not unfrequently instances occur in which.

a deeper separation of the original lobules by grooves remains apparent in the

adult kidney.

Tnbuli uriniferi.—On examining the summit of one of the papillg&

carefully, especially with the aid of a lens, a number of small orifices.

may be seen varying in diameter from -g-^th to ^o o^h of an inch. They
are frequently collected in large numbers at the bottom of a slight

depression or fovcola found near the summit of the papilla, but most
commonly the surface is pitted over with about a score of small de-
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picssions of this sor:. On n-acing these minute openings into the sub-

stance of the pyramidSj they are discorered to be the months of small tubes

or ducts, the uriniferous tubes before mentioned, which thus open upon
the surface of the several papilla into the intericT of the calices.

As these tubuli pass up into the pyramidal substance, they bifur-

cate again and again at yery acute angles, their successive branches

running close together in straight and sHghtly diverging lines,, and they

continue thus to divide and subdivide until they reach the sides and
bases of the pyramids, whence they pass, greatly augmented in number
ia:o the cortical substance. In the ccrtical part the straight tubules

belonging to a ITalpighian pyramid are continued for some way, in several

groups or btmdles, the tubules in the centi'e of which approach nearer

the surface than those at the sides. These bundles are known as the

meduUanj rays (fig. 565, m) of the cortex, and the cortical substance

between and around them is termed, on account of the intricate arrange-

ment of its tubules, the lahi/rinth ofihe codex.

Fig. 565.

—

Section throcgh part of the log's

KT&XZT (Luilwig".

jj, papillary and g, bonndarr zones of the medulla

;

r, cortical layer ; h. bundles of tubules in the

boundary layer, separated by spaces. It, containing

bunches of vessels (not here represented, and pro-

longed into the cortex as the medullary rays, m ; c,

intervals of cortex, composed chiefly of convoluted

tubules, "Biith irregular rows of glomeruli, bettveen

tlie medullaiy ra\s.

The part of the pyramid which is

nearest the cortic-al substance contains a
ntunljer of pencil-lLke bundles of smaU
blc»od-vessels, which originating from arte-

rial and venous arches at the junction of

cortex and medtdla, dip into the pyramid,

and thus commence the separation of its

tubules into the bundles which are con-

tinued into the cortex as the medtdlary

rays. The portion of the pyramid which is thus broken up is termed
the loimdanj zone Tfisr. 5G.5, ^).

Cotirse oJE" the tubules.—The tubes commence in the labyrinth of the

cortical sul-srance 1 >y spherical dilatarions enclosing like a capsule the

Tascular ^lalpighian tufts to be afterwards destaibetl.

Emerging from this dilatation (fig. .'»CG, 1), which is known as the

<aj)sv.le, by a narrow neck (2j, the tubule is at first convoluted and wide

(first coni'olutid ttdide), but on approaching the medtdlary ray it

becomes nearly straight with a slight tendency to a sjjiral (spiral tubuk
of Schachowa,^4:). At the junction of conex and medtdla the spiral

tube rapidly narrows and passes straight down through the Ixjtmdary

zone towards the apex of the pyramid. After a shorter or longer course,

however, it loops upwards again (6j becoming enlarged in the Ixjtmdary

zone (7), but somewhat smaller again above this (8, 9) where it passes

again up the medullary ray. The part of the tmniieroos tuljc which thus

dips down towards the papilla and ttims upwards again is known as the

loojyed tubule of HenJe. On emerging from the medullary ray the tubtde is
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daiacterized by great irregularitv of oadiiie (imgalar tubule, 10)
before again l«eo«:iinmg oi'nToluted {second anw^vkd iubule. 11).
Finally this last is c-'jiinect^ ivitli one of the collecting tobnles of the
mednJIary ray by a 5malJyw/i/'f<'-!//w/ tubule (12). and the collecting tubes (13,

Fi-

ti- r /'

M£m ^'

ok
y^

Vis. 567.

&

Fig. &66.—Di±:

A, cartel ; B, c; ;

de^ lainers cf e:r:TZ.

the text.

Fig. 567.—iLiXPiii LIS CyJSPrSTLK FS03I TWK £A3SIT S SISSZT :

Highly atAarcFiED (Ladvi^
A 17 iHTS Cr STLXEZ.

r, vas aferais, showing its

also sees ; e, tss eSer^is ; <t.

isajs, pajsang at h isto that cf
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14, 15) uniting with one another, as abeady noticed, become gradually

larger as they pass to open as excretory ticbes at the smnmit of the papilla.

Structure of the tubules.—The tubules consist in every case of a

Eiff. 568.

Fig 568.

—

Tubules from a section op the dog's kidney (Klein and Noble Smith).

a, Capsule, enclosing the glomerulus ; n, neck of the capsule ; c, c, convoluted

tubules ; b, irregular tubules ; d, collecting tube ; e, e^ spiral tubes
; /, part of the

ascending limb of Henle's loop, here (in the medullary ray) narrow.

basement membrane and epithelium, but the character of the latter as

well as the size of the tubes varies considerably In the different parts.

,
Fig. 569. Fig. 570.

Fig. 569. To ILLUSTRATE THE STRUCTURE OF THE EPITHELIUM OP THE
CONVOL-UTED TUBULES (from Hcidenhain).

d, section of a convoluted tubule from the rat, showing the unaltered
protoplasm occupying a circular area around the nucleus of each cell ; a, h, c,

isolated cells from the convoluted tubules of the rat ; c, isolated cells from the
dog's kidney, viewed from the inner surface, and showing the iiTegular con
tour of the protoplasm ; e, f, isolated cells from the newt, showing the rodb
And the homogeneous cuticular layer.

Fig. 570.

—

Part of a convoluted tubule of the dog's kidney (Heidenhain)
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The cajjsuje (fig. 5G8, a), is lined by a layer of flattened cells, \yliich is

reflected over the contained tuft of hlood-ressels, dipping between the

separate bunches of which this is composed. This layer is much more
easily recognized in the foetus and young subject than in the adult

(fig. 571). At the oieclc the epithelimn becomes cubical. It has been
shown by Hassall in the sheep, horse, and rabbit, and more recently

by Klein in the mouse, that the epithelium here is pro^^ided Arith

cilia, and it is not improbable that the same may be the case in all

mammals. In lower vertebrates as in the frog, the existence of cilia

in this place has long been known. Tha Jirst convoluted iuLuIehsiS, an
epithelium of a peculiaT character (Heidenliain). The part of the cell

which encloses the nucleus is composed of ordinary granular-looking

protoplasm, but the part next the basement membrane is chiefly made up
of straight or nearly straight rods or fibrils placed vertically to the

basement membrane and extending a variable distance towards the

lumen (figs. 5G9, 570), but usually occupying the greater part of the cell,

Fig. 571.-Fis. 571.

—

Section of cortical

SUBSTANCE OP KIDNEY: HUMAN
FCETUs. Highly magnified
(Klein),

a, glomerulus with blood-vessels

not fully developed ; c, ei^itlieliuin

covering it continuous with d,

flattened epithelium lining Bow-
man's capsule

; /, /, convoluted

tubes.

although there is always a

stratum of homogeneous
substance bounding the

cell towards the lumen
(fig. 569,/). The nucleus is

spherical. The cells are with
difficultyseparated from one
another, at least in some
animals (e.cf., dog) owing to

the cells possessing lateral ridge-like processes (fig. 5G9, e) which interlock
with one another (Schachowa). The s^nral iudide of Schachowa is the
continuation of the convoluted tubule into the medullary ray, and
possesses a similar epithelium (fig. 5G8, e). Towards its termination, how-
ever, the cells become shorter and less distinctly fibrillated, but split up
more completely into lateral ridges with intervening furrows, especially in
the part of the cell next the basement membrane, so that the cells bear
somewhat the aspect of columns deeply fluted at their base. Between
these fluted cells, others of clearer aspect are found fitting in, and having
an ex-jDanded base which extends partly underneath them. According to
Schachowa they are present also in the convoluted tubules proper.

In the narrow tube which forms the descending limd of HcnJe's loop,

and in the loop itself, the epitheliimi is quite low, and flattened against
the basement membrane. The protoplasm is clear and the nucleus
prominent. The ridge-like processes at the base of the cells are said not
to be altogether absent even here.

In the ascending limb of the looped tubule the epithelium again takes
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on the cbarticter wlncli is exhibited in the first convoluted and spiral

tubes, but the cells are rather smaller, the lumen of the tube relatiyely

larger, and the intracellular rods not so long as in those tubes. The
cells of this segment are sometimes set obliquely so as to overlap one

another. In the human subject they contain brown pigment-granules

(Klein).

In the irregular iubules on the other hand the rod-like structure of

the cells is very distinct (fig. 5G8, b). The cells are very unequal

in size, the irregularity of the tubules being thus compensated, and

the lumen rendered nearly the same throughout. The nucleus is

oval.

The second convoluted tuMde (intercalary tube of Schweigger-Seidel)

is like the first in size, but has a difterent kind of epithelium. The cells,

which are rather long, with a relatively large nucleus, present a peculiar

highly refractive appearance, and where they rest on the membrana
propria, the protoplasm exhibits jpi'ojections which fit between those of

neighbouring cells.

The junctional tudiiJe, which unites the last-named to the collecting

tubes, is narrow, but its lumen is relatively large. It is lined by clear

flattened or cubical cells ; but between them some cells are found which

are similar in appearance to the cells which line the segment just

described.

The collecting tubes, which are characterised by their straight course and
very distinct lumen (fig. 568, d) are lined by a clear cubical epithelium,

the cells of which are at first somewhat irregular, but become longer and
more regular as the tubes approach the papilla, so that in the larger

collecting or excretory tubes the form of the cells is typically columnar,

modified only by the form of the surface which they cover. In these

largest tubes the basement membrane is said to be absent, the epi-

thelium cells resting directly upon the connective tissue.

Klein describes a very delicate nucleated membrane lining the tubules within

the epithelium, in all the tubes except the descending limb of Henle's loop, and
in the loop itself.

Blood-vessels.—The kidneys are highly vascular, and receive their

blood from the renal arteries, which are very large in proportion to the

size of the organs they supply. Each renal artery divides into four or

five branches, which, passing in at the hilus, between the vein and ureter,

may be traced into the sinus of the kidney, where they lie amongst the

infundibula, together with which they are usually embedded in a quantity

of fat. Penetrating the substance of the organ between the papiUfe,

the arterial branches enter the cortical substance which intervenes

between the pyramids of Malpighi, and proceed in this, accompanied

by a sheathing of areolar tissue, and dividing and subdividing, to reach

the bases of the pyramids, where they form arches between the cortical

and medullary parts, Avhich however are not complete, and in this respect

differ from the 'freely anastomosing venous arches which accompany them.

From the arches smaller " interlobular " arteries (fig. 572, ai) are given

off, which pass outwards between the medullary rays and amongst the

convoluted tubules, pursuing a nearly straight course towards the surface

of the organ. As they proceed they give off at intervals short and usually

curved branches which proceed without farther division to the dilated

ends of the uriniferous tubules. Within the capsule the small arterj
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(afferent vessel) breaks up into a larger number of capillary vessels

which have a convoluted arrangement, and are closely held together
by connective tissue to form a spheroidal vascular tuft, the gJonierulus

Fig. 572. Fig. 573.

Fig. 572.

—

Diagram of the distribution of the
BLOOU-A''ESSELS IN THE KIDNEY (from Ludwig).

ai, ai, interlobular arteries ; vi, vi, interlobular

veins ; g, a glomerulus ; vs, stellate vein ; ar, vr,

arterite et venas rect» forming pencil-like bundles,

ab, vb ; vp, venous plexus in the papillae.

Fig. 573.

—

Diagram shotvino the relation off

THE TJRINIFEROUS TUBULES TO THE BLOOD-VES-
SELS (after Bowman).

a, one of the interlobular arteries ; a', afferent

artery passing into the glomerulus ; c, capsule of

the glomerulus ; t, convoluted tube ; e', e', efferent

vessels which subdivide in the plexus p, surrounding
the tube, and finally terminate in the interlobular

vein, e.

of Malpighi. A vein (efferent vessel)

smaller than the artery, emerges from the

glomerulus close to the point where the

artery enters ; but, instead of joining with
other small veins to form larger venous
trunks, as is the case in other organs, the

efferent vessel divides into branches after

the manner of an artery, and from these

arises a dense network of capillaries

Avhich everywhere ramify over the walls

of the uriniferous tubules (fig. 573),

the meshes of the network being poly-

gonal amongst the convoluted tubules and elongated amongst the

tubules of the medullary rays. But the efferent vessels from the lower-

most glomeruli break up wholly into pencils of straight vessels (false

vasa recta) which pass directly into the boundary layer of the medulla,

and there supply the continuation downwards of the medullary rays into

the pyramid.
VOL. II. • V V
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The renal arteries give branches likewise to the capsule of the kidney -which

anastomose with branches of the lumbar arteries, and that so freely that Ludwig
was able partially to inject the kidneys of a dog from the aorta after the renal

arteries had been tied.

The blood is conveyed from the cortex of the kidiiey by interlolular

reins "which accompany the interlobular arteries, and join the convex side

of the ^'enous arches w^iich lie between the medulla and cortex, and also

by veins which lie close beneath the capsule of the organ, and take

Fig. 574. Fig. 575.

Fig. 574.

—

Injected GLOMERULns from the inner part of the cortical substano-e

OF THE horse's KIDNEY. 70 DIAMETERS (from Kolllker after Bowman).

a, interlobular artery ; af, afferent vessel ; in, m, convoluted vessels of the glomerulus

;

c f, efferent vessel ; h, its svibdivision in the medullary substance.

Fig. 575.

—

Longitudinal section op a part of the medullary substance and the
ADJACENT cortical SUBSTANCE OF THE KIDNEY, SHOWING THE BLOOD-VESSELS INJECTED
(from Southey).

The figure is designed principally to show the origin of the false vasa recta. AA,
interlobular arteries ; Aa, transverse section of anastomotic arch ; CV, cortical veins

;

m, glomeruli ; R, R, false vasa recta ; MV, medullary veins.

origin by the conveyance of minute venous radicles, so as to present a

stellate appearance {vemd stellukc). These vessels, which receive blood

from the capsule of the kidney, pass inwards through the cortex and also

join the venous arches.

"With the exception of the blood brought by the false arterise rectse
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tlie blood supply of the medulla is to a great extent indepeudent of that

of the cortex, although of course the capillary network is continuous

throughout. The pyramids are chiefly provided with blood by vessels

which come off directly from the concave side of the arterial arches, and
passing down into the boundary layer of the medulla there divide to

form bunches or pencils of parallel or slightly diverging minute vessels

(true arterias rect^e, fig. 572, ar), which by alternating with the bundles

of uriniferous tubules which are passing up to the cortex to form the

medullary rays, produce the characteristic streaked appearance of this

part of the pyramid.

The long meshed capillary network which is supplied by the true

arterite rectfB, is continued down to the apex of the papilla. Here the

veins of the pyramid commence in a close plexus of small venous
radicles sm'rounding the excretory ducts near their orifices (fig. 572, t'jf).

Passing outwards towards the base of the pyramid, and recei^dng lateral

branches at acute angles from its capillary network, the small veins

become collected together into pencils, the vessels of which (jense

rectffi) are intermixed with the arterise vectse, and unite into vessels

which open into the concave side of the venous arch.

The venous trunks thence proceed, in company with the arteries,

through the cortical septula between the pyramids, to the sinus of the

kidney. Joining together, they escape from the hilus, and ultimately

form a single vein, which lies in front of the artery, and ends in the

inferior vena cava.

Lyinpliatics.—The lymphatics of the kidney ai'e ntimerous, consisting of a
superficial set forming a plexus in the fibrous capsule, and of deep lymphatics
which issue from the hilus with the blood-vessels. Ludwig and Zawarykiu have
ehown that there exists a network of freely intercommunicating lymphatic
spaces between the tubules, in communication both with the lymphatics of the
surface and those which issue with the blood-vessels at the hilus. They are most
abundant in the cortical substance,

Nerves,—The nerves which have been traced into the kidneys axe small. They
come immediately from the renal plexus and the lesser splanchnic nerve, and
contain filaments derived from both the sympathetic and cerebro-spinal systems.

They may be traced accompanying the arteries as far as their finer branches, but
it is uncertain how they end.

Intertubular Stroma.—Between the tubules and vessels of the kidney,
although they are disposed closely together, a small amount of interstitial

substance of the nature of connective tissue is found. It has a more fibrous

character in the vicinity of the chief ramifications of the blood-vessels, and also

around the Malpighian corpuscles, and the tubes of the medullary substance.

The stroma is more abundant in the cortical substance, where it contains many
connective tissue corpuscles, than in the greater part of the medullary substance

;

but it is very abundant towards the apices of the papillfe.

Literature.—C. Ludwig, Article "Kidney" in Strieker's Handbook, 1871 (where
the literature up to that time will be found) ; Eberth, in Med. Centralbl, 1872 ; Eeiden-
hain, in Arch. f. mikr. Anat., X. 1873 ; W. Pye, in Journ. of Anat. and Physiol., X.
1875; Pansch, m Arch. f. Anat., 1876 (position of kidney) ; S. Schaclioiva, Untersueh.
ii. d. Nieren, Diss., Berne, 1876 ; Brasch, in Wiener Sitzungsb., 1877 ; Langhans, in
Virch. Arch., 1878 ; Budge, in Deutsche med. Wochenschr. , 1878 ; Buchhammer, in
Arch. f. Anat., 1879 (varieties) ; Cornil, in Gomptes rend., 1879 ; Runeherg, in Nord.
med. ark., XI ; Henschen, Akad. Afhandl. in Upsala, 1879.
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THE TTIIETERS.

The ureters are the two tubes which conduct the urine from the

kidneys into the bladder. The dilated commencement of each, situated

in the sinus of the kidney and into which the calices pour their contents,

has already been described. Towards the lower part of the hilus of the

kidney the pelvis becomes gradually contracted, and opposite the lower

end of the gland, assuming the cylindrical form, receives the name of

ureter.

The ureters measure from fourteen to sixteen inches in length ; their

ordinary wadth is about that of a goose-quill. They are frequently,

however, dilated at intervals, especially near the lower end. The
narrow^est part of the tube, excepting its orifice, is that contained in the

walls of the bladder.

Each ureter passes at first obliquely downwards and inwards, to

enter the cavity of the true pelvis, and then curves forwards and
inwards, to reach the base of the bladder. In its whole course, it lies

close behind the peritoneum, and is connected to neighbouring parts by
loose areolar tissue. Superiorly, it rests upon the psoas muscle, and is

crossed very obliquely fi'om wdthin outwards, by the spermatic vessels,

which descend in front of it. The right ureter is close to the inferior

vena cava. Lower dow^n, the ureter passes either over the common or

the external iliac vessels, behind the termination of the ileum on the

right side and the sigmoid flexure of the colon on the left. Descending
into the pelvis, it enters the fold of peritoneum forming the correspond-

ing posterior false hgament of the bladder, and, reaching the side of the

bladder near the base (?«, fig. 577), runs downw^ards and forwards in

contact with it, below the obliterated hypogastric artery, and is crossed

upon its inner side, in the male, by the vas deferens {i), which passes

down between the ureter and the bladder. In the female, the ureters

run along the sides of the cervix uteri and upper part of the vagina

before reaching the bladder.

Having arrived at the base of the bladder, about two inches apart

from one another, the ureters enter its coats, and running obliquely

through them for about three-quarters of an inch, open at length upon
the inner surface by two narrow^ and oblique slit-like openings, which
are situated, in the male, about an inch and a half behind the urethral

orifice, and about the same distance from each other. This oblique

passage of the ureter through the vesical walls, while allowing the urine

to flow into the bladder, has the effect of preventing its reflux.

Structure.—The walls of the ureter are pinkish or bluish white in

colour. They consist of an external fibrous coat, a middle coat of plain

muscular tissue, and a mucous lining. The muscular coat possesses two
layers of longitudinal fibres and a middle circular layer.

The mncous membrane, thin and smooth, presents a few longitudinal

folds when the' ureter is laid open. It is composed of areolar tissue

which becomes gradually loose towards the muscular coat, but there is

no marked distinction into mucous and submucous layers. It is pro-

longed above to the papillfe of the kidney, and below becomes continuous

with the lining membrane of the bladder. The epithelium (fig. 576) is

of a peculiar character, like that of the bladder. It is stratified, con-

sisting of at least three layers of cells, in the uppermost of which the

cells are somewhat cubical, with depressions on their under surface, which
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fit upon the rounded ends of a second layer of pear-shaped cells ; then
follow one or more layers of rounded or oval cells, with processes

estendin.2: down to the mucous membrane.

Fi<r. 576.

Fig. 576.—Epithelium fkom the pelvis op the huiian kidnet (Kolliker.) 350
DIAMETERS.

A, different kinds of epitlielical cells separated ; B, the same in situ.

A few small mucous glands have occasionally been described at tlie upper end of

the ureter and in the renal pelvis, but they api^ear not to be constantly present in

man. Lymphoid nodules have also been met with in the pelvis of the kidney.

Vessels and Nerves.—The ureter is supplied with blood from small branches
of the renal, the spermatic, the internal iliac, and the inferior vesical arteries.

The veins end in various neighbouring vessels. The nerves come from the
inferior mesenteric, spermatic, and hypogastric plexuses. They form plexuses in

the outer and muscular coats containing a few ganglion-cells.

Varieties.—Sometimes there is no funnel-shaped expansion of the ureter at

its upiser end into a pelvis, but the calices unite into two or more narrow tubes,

which afteiTvards coalesce to- form the ureter. Occasionally, the separation of

these two tubes continues lower down than usual, and even reaches as low as the

"bladder, in which case the ureter is double. In rare cases, a triple ureter has

lieen met with.

In instances of long-continued obstruction to the passage of the urine, the

xu'eters occasionally become enormously dilated.

THE TTRIWAIIY BLADDEK.
The urinary lladder (vesica, urinaria) is a hollow receptacle for the

m'ine, having an average capacity of about a pint when moderately

distended, but capable of being distended to a considerably greater

degree.

The average capacity of the bladder is often stated to be greater in the female

than in the male ; and, no doubt, instances of very large female bladders are not

xmfrequent, but these have probably been the result of unusual distension : in

the natural condition, according to Luschka and Henle, the female bladder is

decidedly smaller than that of the male.

The size and shape of the bladder, its position in the abdomino-pelvic

cavity, and its relations to surrounding parts, vary greatly, according

to its state of distension or collapse. When empty, the bladder lies

deeply in the pelvis, and in a vertical antero-posterior section pre-

sents a triangular appearance, being flattened above and below, having
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its base turned backwards and somewhat downwards, whilst its apex i8

directed forwards over the symphysis pubis. When moderately full, it

is stiU contained within the pelvic cavity, and has a rounded form (fig,

577, a), but when completely distended, it rises above the brim of the
pelvis, and becomes egg-shaped ; its larger end, which is called the
base, or fundus, being directed backwards towards the rectum in the
male and the vagina in the female ; and its smaller end, or summit.

Fig. 577.

Fig. 577.

—

Lateral view op the visceea op the male pela'is (R. Quain). \

The left hip-bone has been disarticulated from the sacrum, the spinous process of the
ischium cut through, and the pubis divided to the left of the symphysis ; a, bladder

;

h, V, rectum ; c, membranous part of the urethra ; d, section of the left corpus cayer-

nosum ; e, bulb of the spongy body of the urethra
; /, Cowper's gland

; g, section of the
body of tlie pubis ; A, sphincter ani muscle ; i, part of tlie left vas deferens ; m, arti-

cular surface of the sacrum ; n, divided spine of the ischium ; o, coccyx
; j), prostate

gland ; r, r, peritoneum ; r', recto-vesical pouch ; ii, left ureter ; v, left vesicula semi-
nalis.

resting against the lower part of the anterior wall of the abdomen.
Immediately in front of the base is the thickened portion often mis-

named the cervix, or neclt, from which the urethra abruptly leads off.

The long axis of the distended bladder is directed nearly horizontally

from the base to the summit, in a line from the coccyx to a j^oint

somewhat above the symphysis pubis. In being gradually distended,

the bladder curves slightly forwards, so that it becomes more convex
behind than in front, and its upper end is by degrees turned more and
more towards the front of the abdomen. Lastly, the bladder, when
filled, appears slightly compressed from above dowmvards, so that its

diameter in that direction is less than fi'om side to side. In its ordinary

state, the longest diameter in the male is from base to summit : but in

the female its breadth is often greater than its height. During infancy

the bladder is p}T."iform when distended, and lies chiefly in the abdomen.
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Connections.—While freely moveable in all other directions npon
surrounding" parts, the bladder is fixed below to the walls of the pelvis

by the neck, and by fibrous bands given off from the recto-vesical

fascia (see Vol. I. p. 337), named the true ligaments of the bladder. It is

supported, moreover, by strong areolar connections with the rectum or

vagina, according to the sex, in a slighter degree by the two ureters, the

obliterated hypogastric arteries and the urachus, by numerous blood-

vessels, and, lastly, by a j)artial covering of the peritoneum, which, in

being reflected from this organ in different directions, forms duplica-

tures, named the false ligaments of the bladder.

The inferior or puMc surface is entirely destitute of peritoneum, and
is in apposition with the recto-vesical fascia, the symphysis and body
of the pubis, and, if the organ be fall, the lower part of the anterior wall

of the abdomen. It is connected to these parts by loose areolar tissue,

and to the back of the pubis by two strong bands of the recto-vesical

fascia, named the a^iterior trtie ligaments. This surface of the bladder

may be j)unctured above the pubis without wounding the peritoneum.

The superior or abdominal surface is entirely free, and covered every-

where by the peritoneum, which in the male is prolonged also for a short

distance upon the base of the bladder. In the male, this surface is in

contact with the rectum, and in the female with the uterus, as well as,

in both sexes, with convolutions of the small intestine. Beneath the

peritoneum, in the male, a part of the vas deferens is found on each side

of the hinder portion of this surface.

The summit is connected to the anterior abdominal wall by a tapering

median cord, named the urachus, which is composed of fibrous tissue,

mixed at its base with plain muscular fibres which are prolonged upon it

from the bladder. This cord, becoming narrower as it ascends, passes

upwards from the apex of the bladder between the linea alba and the

peritoneum, to reach the umbilicus, where it becomes blended with the

dense fibrous tissue found in that situation.

The urachus, which fonus in the early foetal state a tubular communication
between the urinary bladder and the allantoic vesicle, preserves, according to

Luschka, vestiges of its original condition in the form of a long interrupted

cavity, with irregularities and dilatations, lined with epithelium similar to that

ol the bladder, and sometimes communicating by a fine opening with the vesical

cavity.

The sides of the bladder, when it is distended, are rounded and pro-

minent, and are each of them crossed obliquely by the cord of the

obliterated hypogastric artery, which is connected posteriorly with the

superior vesical artery, and runs forwards and upwards to the umbilicus,

approaching the urachus above the summit of the bladder. Behind and
above this cord the side of the bladder is covered with peritoneum, but
below and in front of it the peritoneum does not reach the bladder,

which is here connected to the sides of the pelvic cavity by loose areolar

tissue containing fat, and, near its anterior and lower part, by the broad
expansion from the recto-vesical fascia, forming the lateral true ligament.

The vas deferens crosses obliquely the hinder part of this lateral surface,

from before backwards and downwards, and turning over the obliterated

hypogastric artery, descends on the inner side of the ureter, along the

back part of the superior surface, to the base of the bladder.

The iase ovfimclus (fig. 578) is the widest part of the bladder. It is



66-t THE URINARY BLADDER.

directed downwards as well as backwards, and differs according to
the sex in its relations to other parts. In the maU it rests against^ the
second portion of the rectum, and is covered superiorly for a short space
by the peritoneum, which, however, is immediately reflected from it
upon the rectum, so as to form the redo-vesiml iiouch (fig. 577, r').

Below the line of reflection of the serous membrane, the base of' the

Fig 578
Fig. 573.

—

Base of the M.iLE
BLADDER WITH THE VESICUL^E
SEMINALES, VASA DEFERENTIA,
AND PROSTATE EXPOSED (froni

Haller). A.

a, line of reflection of the peri-

toneum in the recto - vesical

pouch ; 6, the part above this

from which the peritoneum has
been removed, exposing the longi-

tudinal muscular fibres ; i, left

vas deferens ending in e, the left

ejaculatory duct ; s, left vesicula

seminalis joining the same duct

;

the right vas deferens, and the
right vesicula seminalis, marked
s, s, unravelled, are also shown

;

'p, under side of the pros late

gland, cut so as to exhibit the
ejaculatory ducts ; m, small part
of the membranous portion of the
urethra ; i«, u, the ureters, of

which the right is turned to the
side.

bladder is adherent to the rectum by dense areolar tissue over a triangular

area bounded at the sides by the vasa deferentia and vesiculse seminales

(fig. 578 5, s), whilst its apex in front reaches the prostate gland (^). It

is in this space, which in the natural state of the parts is by no means so

large as it appears after they are disturbed in dissection, that the bladder

maybe punctured from the rectum without injury to the peritoneum.

In the female, the base of the bladder is of less extent, and does not
reach so far back in the pelvis as in the male : for it rests against the

front of the neck of the uterus and the anterior wall of the vagina, both
of which organs intervene between it and the rectum. This part of the

bladder adheres to the vagina, and above that adhesion the peritoneum
forms a pouch between it and the uterus, much shallower than the recto-

vesical pouch of the male.

That part of the bladder where the urethra leads olf from the cavity

is the most strongly muscular part of the vesical wall, and in the

male it is closely connected with the base of the prostate gland, by
which it is supported. In both sexes this part of the bladder in the

erect posture is lowest ; it lies at the angle of junction of the base and
the pubic surface.

Ligaments of the bladder.—The true' ligaments of the bladder, four

in number, two anterior and two lateral, all derived fi'om the vesical

portion of the recto-vesical fascia, have been already noticed.

The false ligaments or peritonealfolds are described as five in number.
Two of them, named ])osterior false ligaments or recto-vesical folds, run
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forwards in the male along the sides of the rectum to the posterior and
lateral aspect of the bladder, and bound the sides of the recto-vesical

cul-de-sac. In the female these posterior folds pass forwards from the

sides of the uterus, and are comparatively small. The two lateral false

ligaments extend from the iliac fossae to the sides of the bladder, each

separated from the corresponding posterior ligament by a prominent
angle in which the obliterated hypogastric artery lies. The siqjerior

false ligament (ligamentum suspensorium) is the portion of peritoneum
between the ascending parts of the hypogastric arteries, and reaches

from the summit of the bladder to the umbilicus.

Interior of the bladder.—On opening the bladder, its internal

surface is found to be lined by a smooth membrane, which is compara-
tively loosely attached to the other coats, so that in the empty condition

of the organ it is nearly everywhere thrown into small wrinkles or rug^,
which disappear as soon as the bladder is distended. Besides these, the

interior of the bladder is often marked by reticular elevations or ridges,

corresponding with fasciculi of the muscular coat.

At the lower part of the bladder is seen the orifice leading into the

urethra, around which the mucous membrane is corrugated longitudinally.

Immediately behind the urethral opening, at the lower part of the fundus,

is a smooth triangular surface, having its apex turned forwards, which,

owing to the firmer adhesion of the mucous membrane to the subjacent

tissues, never presents any rug£e, even when the bladder is empty. This
surface is named the trigone (trigonum vesicte, Lieutaud) ; at its postero-

superior angles are the orifices of the two ureters, situated about an inch

and a half from each other, and nearly the same distance from the anterior

angle, where the bladder opens into the urethra.

The orifices of the ureters, presenting the appearance of oval slits,

are directed obliquely forwards and inwards : they are united by a

curved elevation, convex forwards, which extends generally outwards
and backwards beyond them, and which corresponds in position with
a muscular band which joins them together and to the neck of the

bladder. Proceeding forwards from opposite the middle of this, is

another slight elevation of the mucous surface, named the uvula vesicm

which projects from below into the urethral orifice. In the female,

the trigone is small, and the uvula indistinct. In the male the uvula
lies a httle in advance of the middle lobe of the prostate, and is some-
times prolonged on the floor of the prostatic portion of the urethra.

It is produced by a thickening of the submucous tissue. In its natural

state this may contribute to the more perfect closure of the orifice of

the bladder ; when enlarged by disease it fi-equently produces considerable

obstruction at the commencement of the m'ethra.

STRUCTURE OF THE BLAX)DER.

The bladder is composed of a serous, a muscuJar, a sulmucous,

and a mucous coat, and supplied with numerous blood-vessels and
nerves.

The serous or peritoneal coat is a partial covering, investing only

the posterior and upper half of the bladder, and reflected from it upon
the sm-rounding parts in the manner already described in detail.

The muscular coat consists of unstriped muscular fibres, so arranged
as to warrant the usual description of them as forming layers, the outer
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of which consists of bundles of fibres more or less longitudinal, and the

next of fibres more circular in disposition ; while beneath this, is another

imperfect longitudinal layer more recently recognised.

The external or longitudinalfibres (fig. 579, «, 580, I, and fig. 581, a, b,)

are most distinctly marked on the anterior and posterior surfaces of the

bladder. Commencing in front at the neck of the organ, fi:om the pubes

Fig. 580.

Fig. 579.—YiEw OP the muscular fibres of the bladder from before (Allen

Thomson, after Pettigrew, and from nature), g

On the right side the superficial fibres are shown ; on the left the deep or circular

fibres chiefly are displayed, a, on the right side, the median and most superficial bands
of the longitudinal fibres, in which a slight decussation of fibres is seen ; a', those

diverging somewhat ; a", the lowest, which pass much more obliquely ; the attachment
of the longitudinal fibres to the prostate is shown ; on the left side, c, the upper, c', the

middle, c", the lowest set of cii'cular or deeper fibres ; at s, the thickest and most trans-

verse sets of these fibres forming the sphincter
; p, half the prostate left on the right

side, the left having been removed ; m, the urachus, into which some of the longitudinal

fibres are seen prolonged.

Fig. 580.

—

View of the muscular fibres of the bladder from behind (Allen

(Thomson, after Pettigrew, and from nature). -3-

On the right side the superficial fibres are displayed ; on the left the deeper fibres of

the same kind or intermediate fibres, and some of the circular fibres ; b, b, the median,

most superficial and strongest bands of longitudinal fibres on the right side ; V, the more
diverging set of fibres near the middle of the bladder ; 6", the most divergent fibres

which surround the entrance of the ureters ; ou the left side, c, c, and c", indicate the

deeper circular fibres passing round at various levels and crossing with the deeper diverg-

ing fibres posteriorly ; s, the most transverse fibres at the neck forming the sphincter
;

u, tlie urachus ; ur, the ureters ; the left half of t^he prostate has been removed to show
the sphincter ;

-y,' part of the right vas deferens and vesicula seminalis.

in both sexes (musculi pubo-vesicales), and, in the male, from the adjoin-

ing part of the prostate gland, they may be traced upwards along the

anterior surface to the summit of the bladder ; and they may likewise be

followed down over the posterior surface and base to the under part of

the neck of the bladder, where they become attached to the prostate in

the male, and to the front of the vagina in the female. Upon the sides
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the superficial fasciculi run more or less obliquely, and often intersect

one another : in the male they reach the prostate. At the summit
a few are continued along the urachus. The longitudinal fibres

taken together, constitute what has been named the detmsor urincB

muscle.

The so-called circular fibres form a thin and somewhat irregular

reticulated layer distributed over the body of the bladder, having-

various appearances in different bladders. Their course may in general

be looked upon as transverse, but for the most part throughout the

upper two-thirds of the bladder they cross one another in very oblique

bands : towards the lower part of the organ they assume a more circular

course, and upon the fundus and trigone form a tolerably regular layer.

Close to and around the cervix, in immediate connection with the pro-

state in the male, they densely encircle the orifice and constitute what
has been named the sjjhincier vesicce, which, however, is not distinct from

the other fibres, and according to Henle does not perform the function

of a sphincter but can only serve to complete the evacuation of this part

of the bladder, the part of a sphincter being performed by the muscular

tissue of the prostate.

The fhird stratum of fibres, still more deeply situated, and which

might be termed internal longitudinal, was first described by Ellis, who

Fig. 581.

—

View of the muscular
FIBRES OP THE BLADDER FROM THE
LEFT SIDE (Allen Thomson, after Petti-

grew, and from nature), g

The anterior and posterior superficial

fibres are seen running from below up-

wards, crossing each other by their diver-

gence on the side of the bladder, and are

indicated by the same letters as in the

preceding figures ; at c, a portion of the

anterior longitudinal fibres has been re-

moved so as to expose the deeper circular

fibres.

distinguished it as " submucous."

It is thin, and its bundles have

a reticular arrangement but with

a general longitudinal direc-

tion.

Fig. 581.

The miiscular coat of the bladder forms so irregular a covering-, that, when the
organ is much distended, intervals arise in which the walls are very thin ; and,
should the internal or mucous lining protrude in any spot through the muscular
bundles, a sort of hernia is produced, which may go on increasing, so as to form
what is called a vesical sacculus, or apj}e7idix ves/ctr. the bladder thus affected

being termed sacculated. Hypertrophy of the muscular fasciculi, which is liable

to occur in stricture of the urethra or other affections impeding the issue of the
urine, gives rise to that condition named the fasciculated bladder, in which the
interior of the organ is marked by strong reticulated ridges or columns, with
intervening depressions.

Next to the muscular coat, between it and the mucous membrane, but
much more intimately connected with the latter, is a well-marked layer
of areolar tissue, the vascular or sulimucous coat. This submucous
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areolar layer contains a large number of fine coiled fibres of elastic

tissue.

The mucous membrane of the bladder is soft, smootb, and of a pale

rose colour. It is continuous above with the lining membrane of the

ureters and kidneys, and below with that of the urethra. Neither here

nor in the ureters is the mucous membrane provided with a muscularis

mucosa;. It adheres loosely to the muscular tissue, and is thus liable to

be thrown into wrinkles, except at the trigone, where it is always more
even. It is covered with a stratified epithelium, similar to that of the

ureters. The cells vary much in form according to the condition of dis-

tension of the bladder, for in the distended organ they are flattened out

so as to co^er a larger surface, while in the empty condition of the

bladder they are of less diameter and proportionately higher.

Vessels.-—The siipei-ior vesical ai-fcries proceed from the remaining pervious

portions of the hypogastric arteries ; in the adult they appear as direct branches

of the internal iliac. The inferior vesical arteries are usually derived from the

anterior division of the internal iliac. In the female the uterine arteries also

send branches to the bladder. The neck and base of the organ appear to be the

most vascular portions. The veins form large plexuses around the neck, sides,

and base of the bladder ; they eventually pass into the internal iliac veins. The
hjni'phatics follow a similar course.

The nerves are derived partly from the hypogastric plexus of the sympathetic,

and partly from the sacral plexus of the cerebro-spinal system. The former are

said to be chiefly distributed to the upper part of the bladder, whilst the spinal

nerves maybe traced more directly to its neck and base. According to Kisselew,

the nerves form a network immediately under the epithelium, from which
filaments pass amongst the epithelium cells, where they end in special cells.

Gangliated plexuses of nerves accompany the blood-vessels, and send branches

both to these and to the muscular coat of the bladder (F. Darwin).

Recent literature of the bladder and ureters.— Ohersteiner in Sticker's

Handbook, 1871 ; Daneffe u. v. Welter, (portion of bladder) M^m-pres. h I'acad. roy. de

mod., Bruxelles, 1872 ; Jurie in Wiener med. Jahrb. IV. 1873 ; Jigli in Arch. f. mikr.

Anat.,IX. (glands in pelvis) ; Pawe^/iin Wiener Sitzungsb., 74, 1876 (epithelium) ; Weigert,

IIofmann in Yirch. Arch. LXX.,LXXII., 1877 (abnormalities of ureter) ; Hofmann, ibid.

(capacity of bladder) ; Hamburger, in Arch. f. mikr. Anat., XVII ; Mayer, in Virch,

Ai'ch. LXXXV. (ganglion-cells in ureter).

On the muscular arrangements of the bladder, see Ellis, in Trans. Med. Cliir, Society,

1856, and Demonstrations of Anatomy ; Pettigrew, in Phil. Trans, for 1866 ; Sabatier,

Eecli. anat. et pliys. sur les appareils musculaires corresjjondants a la vessie et k la pros-

tate dans les deux sexes, 1864 ; Cadiat in Gaz. med. V., 1876 (sphincter vesica).

EEPEODUCTIVE OEGANS.

I. IN THE MALE SEX.

TJxDEE this head are included—1, the testes with their ducts and

coverings ; and, 2, the urethra, with certain accessory parts, such as tho

prostate and Gowper's glands. The urethra in the male is at once the

outlet for the urine from the bladder and the products of secretion from

the sexual glands. Extending from the neck of the bladder to the

extremity of the penis, it is surrounded in its first part by the prostate

gland, and there receives the excretory ducts of the testes and vesicute

seminales ; its second part passes through the triangular ligament of the

perineum ; and its third and longest part passes along the perineum and
penis, surrounded by the corpus spongiosum.
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THE PROSTATE GLAITD.

Hhe prosfafe gland is a firm, glandular, and muscular body, somewhat
resembling a chestnut in shape and size, "which adjoins the neck of the

bladder, and encloses the first part of the urethra : it is placed in the

pelvic cavity, on the upper aspect of the subpubic fascia, and rests

posteriorly against the rectum. Its posterior or rectal surface is larger

than its flattened anterior or pubic surface. It usually measures about

an inch and a half across at its widest part, an inch -and a quarter from

its base to its apex, and nearly an inch in thickness. Its ordinary

weight is about six drachms.

The pubic surface of the prostate is flattened and marked with a

slight longitudinal furrow ; it is about half an inch or rather more from
the pubic symphysis, and there, as well as at the sides, the gland is con-

Fig. 582.Fig. 582.

—

Transveese section of the pros-

tate GLAND THROUGH THE MIDDLE. (AlleU

Thomson.

)

u, tbe urethra into wliicli the eminence of the

caput gallinaginis rises from below ; s, the sinus

or utricle cut throiigli ; d e, the ejaculatory

ducts ; m, superiorly, the deep sphincter muscu-
lar fibres ; m, lower down, intersecting muscular

bands in the lateral lobes of the prostate
; p,

glandular substance.

nected to the pubic bones by the thickenings of the pelvic fascia, which
form the pubo-prostatic ligaments or anterior ligaments of the bladder.

The posterior or rectal surface is smooth, and is marked by a slight de-

pression, or by two grooves, which meet in front, and correspond with

the course of the seminal ducts, as well as mark the limits of the lateral

lobes in this situation : it is in close apposition with the rectum, imme-
diately in front of the bend from the middle to the lower or anal part of

that viscus, where the surface and superior border of the gland can be

felt by the finger introduced into the intestine. The sides are convex

and prominent, and are covered by the anterior portion of the levatores

ani muscles, which pass back on each side, from the pubis and triangular

ligament of the urettoa, and embrace the sides of the prostate. The
base of the gland directed towards the bladder is of considerable thick-

ness, and is notched in the middle : its apex is turned towards the

triangular ligament. As already stated, the prostate encloses the first

part of the urethra. The canal runs nearer to the anterior than to the

posterior surface of the gland, so that in general it is about a quarter of an
inch distant from the former and about one-third of an inch fi'om the

latter ; but it frequently varies greatly in this respect. The prostatic

portion of the urethra is about an inch and a quarter long, and is dilated in

the middle ; it contains the colliculus seminalis and the openings of the

seminal and prostatic ducts, as wiU be afterwards more particularly de-

scribed. The common or ejaculatory seminal ducts, which pass forwards

fi'om the vesiculse seminales, also traverse the lower part of the prostate,

enclosed in a special hoUow part of the gland, and open into the

urethra ; and in the middle, close in fi'ont of these, is the prostatic

utricle.

The prostate is usually described as consisting of three lobes, two of
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^Yhich, placed laterally, and meeting behind in the posterior notch, and
continuous in front of the urethra, are of equal size ; the third or middle
lobe, is a smaller mass, intimately connected with the other two, and
fitting in between them and the bladder and adjacent part of the urethra.

"When prominent it corresponds to the elevation in the urinary

bladder called the uvula. The separation between the lobes of the

prostate, which is normally little marked, becomes ofcen abnormally
much more apparent.

Structure.—The prostate gland is covered externally by a dense
fibrous coat, which is continuous with the recto-vesical fascia, and with
the superior layer of the triangular ligament. This fibrous capsule is

divisible into two layers, between which the prostatic plexus of veins is

enclosed (Adams). The glandular substance is associated with a large

quantity of plain muscular tissue, which forms the principal part of the

stroma of the organ. This muscular tissue forms an external layer below
the fibrous capsule, and extends everywhere through the glandular

substance : there is also a strong layer of circular fibres continuous

posteriorly with the sphincter vesicse, and in front with the thin layer

smTOunding the membranous part of the urethra. The part of the

prostate in front of the urethra is almost entirely muscular ; in the

hinder part the muscular substance is in greatest quantity near the

bladder.

The glandular substance is spongy and yielding ; its colour is reddish

grey, or sometimes of a brownish hue. It consists of nmnerous tubular

alveoli, which unite into a smaller number of excretory ducts. The
epithelium is columnar throughout. According to Langerhaus there

is a second layer of small cells next the basement membrane between
the tapered ends of the columnar cells. In the upper part of the gland

the acini are smaller and more saccular ; in the middle and lower parts

the tubes are longer and convoluted at their ends. The capiUary blood-

vessels form a close network as in other similar glands on the ducts and
acini, and the different portions of the gland are united by areolar tissue,

and supported by processes of the deep layer of the fibrous capsule and
by the muscular stroma. The ducts open by from twelve to twenty or

more orifices upon the floor of the m-ethra, chiefly in the hollow on each

side of the coUiculus seminalis.

As age advances, this gland often becomes enlarged and its ducts may contain

small round albumino-calcareous concretions of laminated appearance, and
varying in size up to that of a millet seed.

Vessels and Nerves.—The prostate is supplied by branches of the vesical,

hasmorrhoidal, and pudic arteries. Its veins form a plexus embedded in the

fibrou.s covering round the sides and base of the gland, which is highly developed

in old subjects. These veins communicate in front vs^ith the dorsal vein of the
penis, and behind with branches of the internal iliac vein. Lymphatics ramify
with the veins, between the two layers of the fibrous capsule. The nerves, which.

are derived fro^n the hypogastric plexus, consist of both meduUated and non-
medullated fibres, and are interspersed with ganglion cells. Pacinian bodies have
also been observed on the superficial nerves.

Secretion.—Examined after death, the jyrostatic fluid has a milky aspect, due
to the admixture of a large number of epithelial cells, but probably, during life,

it is more transparent. According to Adams, the fluid has an acid reaction,

and presents, under the microscope, numerous granules, epithelial cells and nuclei

Some of the granules are composed of lecithin (Fiirbriuger, in Jena Sitzungsb., 1881)'
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THE PENIS.

The penis is composed principally of erectile tissue, arranged in three

long somewhat cylindrical masses, which are enclosed in fibrous sheaths,

and are united together so as to form a three-sided prism which receives

a covering from the general integument. Of these masses, two, named
corijora cavernosa innh^ placed side by side, form the prmcipal part of

the organ, whilst the other, situated beneath the two preceding, surrounds

the canal of the urethra, and is named corpus cavernosum wdhra, or

corpus spongiosum.

The penis is attached at its root to the symphysis of the pubes, and
to the pubic arch ; in front it ends in an enlargement named the plans,

which is structurally similar to and continuous with the corpus spongi-

osum. The intermediate portion or hodij of the penis, owing to the

manner in which its three component parts are united together, has

three somewhat flattened sides and three rounded borders : the upper
side is named the dorsum. The glans penis, which is slightly compressed
above and below, has at its extremity a vertical fissure forming the external

orifice of the urethra ; its base, which is wider than the body of the penis,

is hollowed out to receive the narrowing extremities of the corpora

cavernosa ; its border is rounded and projecting, and is named the

corona glandis, behind which is a constriction of the penis named the

cervix. The median fold of integument connecting the glans below the

urethral orifice to the mferior border of the penis is named the fnanum
of the prepuce.

The integument of the penis, which is continued from that of the

pubes and scrotum, forms a simple investment as far as the neck of the

glans. Here it is doubled up in a loose fold, the pre])uce or fore-shin.

The inner layer of this fold is firmly attached behind the cervix ; and
fr'om thence the integument, becoming closely adherent, is continued

forwards over the corona and glans, as far as the orifice of the urethra,

where it meets mth the mucous membrane of the urethra. Upon the

body of the penis the skin is thin, free from fat, and, in the anterior

two-thirds of its length, from hairs also ; in these respects differing

remarkably from that on the pubes, which is thick, covers a large

cushion of fat, and, after puberty, is beset with hairs : the skin of the

j)enis is moreover very movable and distensible, and is of a darker colour

than that of the neighbouring parts. At the free margin of the prepuce
the integument changes its character, and approaches that of a mucous
membrane, being red, thin, and moist. Numerous sebaceous glands are

collected round the cervix of the penis and corona glandis ; they are

named the glands of Tyson, or glandule odoriferaj, their secretion having
a peculiar odour.

Upon the surface of the glans the integument again changes its

character ; it contains no glands, but is beset with large vascular and
nervous papillas, and it adheres most intimately and immovably to the

spongy tissue of the glans.

Beneath the skin, on the body of the penis, the ordinary superficial

fascia is very distinct ; it is continuous with that of the groin, and also

with the dartos tissue of the scrotum. Near the root of the organ there

is in fr'ont a dense band of fibro-elastic tissue, named the suspensory

ligament, lying amongst the fibres of the superficial fascia ; it is triangular

in form ; its anterior border is free, above it is connected with the fore
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part of the pubic symphysis, and below it runs down upon the dorsum cf

the penis.

The integuments of the penis are supplied with blood by branches of the

dorsal artery of the penis and external pudic ; the veins join the dorsal and
external pudic veins. Their nerves are derived from the dorsal and anterior

superficial perineal branches of the pudic nerves.

THE COBPORA CAVERNOSA.

The corpora cavernosa form the principal part of the body of the

penis, and chiefly determine its form and consistence in the state of

erection. They are two cylindrical bodies, placed side by side, flattened

on their median asjDects, and closely united and in part blended together

along the middle line in the anterior three-fourths of their length
;

whilst at the back part, in contact with the symphysis pubis, they

separate from each other in the form of two bulging and then tapering

Fi-. 533.
Fig. 583.—EooT of the pekis attached

TO THE KAMI OF THE PUBES AND
ISCHIUM (from Kobelt). |

a, a, accelerator urin^ muscle covering

the bulb of the spongy body of the

urethra, which presents at e, posterioi-lj%

a median notch ; b, h, anterior slips of

the muscle or bulbo-cavernosi ; c, c,

crura of the penis, presenting an oval

dilatation or bulb of the corpus caver-

nosum ; cl, d, erectores penis muscles
; /,

corpus spongiosum urethree.

processes named crura, which, ex-

tending backwards, are attached

to the pubic and ischial rami,

and are invested by the erectores

penis or ischio-cavernosi muscles.

The enlarged portion at the root,

named by Kobelt the dulb of the

corpora cavernosa, attains a much
greater proportionate deyelop-

ment in some quadrupeds than

in man. In front, the corpora

cavernosa are closely bound to

gether into a blunt conical extremity, -which is covered by the glans

penis and firmly connected to its base by fibrous tissue.

The under surface of the united cavernous bodies presents a longi-

tudinal groove, in Avhich is lodged the corpus spongiosum. The upper

or anterior surface is also marked with a slight median groove in which

the dorsal vein of the penis is situated, and near the root is attached to

the pubes by the suspensory ligament.

Structure.—The median septum between the two corpora cavernosa

is thick and complete near the root T)f the penis ; but farther forward it

becomes thinner, and only imperfectly separates their cavities, for it

exhibits, particularly towards the anterior extremity, numerous clefts,

extending from the dorsal to the urethral edge, and admitting of a

free communication between the erectile tissue of the two sides. From
the direction of these slits, the intermediate white portions of the septum
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resemble somewhat the teeth of a comb, and hence the partition has
receiyed the name of sci^tum iiecUniforme.

The external fibrous investment of the cavernous structure is white

and dense, from o-Vth to y^-^b of an inch thick, and very strong and

Fig. 684.

—

Tkansyerse section of the penis in the
DISTENDED STATE (altered from Henle).

The enter outline indicates the integument sur-

rounding the deeper parts ; the erectile tissues of the cor-

pora cavernosa and the septum pectiniforme are shown
in section ; %i, placed on the section of the spongy bod}',

below the urethra ; x\ the single dorsal vein ; a, the

dorsal artery, and «, the nerve of one side.

elastic. It is composed for the most part of

longitudinal bundles of shining wliite fibres,

with numerous well-developed elastic fibres,

enclosing the two corpora cavernosa in a common covering ; and internal

to tliis, each corpus cavernosum is surrounded by a hiyer of circular

fibres, which enter into the formation of the septum.

From the interior of the fibrous envelope, and from the sides of the

septum, numerous lamellae, bands, and cords, composed of fibrous elastic

and plain muscular tissue, and named trabecule^,, pass inwards, and run
through and across the cavity in all directions, thus subdividing it into

a multitude of interstices, and giving the entire structure a spongy
character.

The trabeculse, whether lamelliform or cord-like, are larger and
stronger near the circumference than along the centre of each cavernous
body, and they also become gradually thicker towards the crura. The
interspaces, conversely, are larger in the middle than near the surface

;

Fig. 585.

—

Portion of the
ERECTILE tissue OF THE
CORPUS CAVERNOSUM MAG-
NIFIED, SHOWING THE AREO-
LAR STRUCTURE AND THE
VASCULAR Distribution
(from J. Miiller).

«, a small artery supported
by the larger trabeculae, and
branching out on aU sides ; c,

the tendril-like arterial tufts

or helicine arteries of Jluller

;

d, the areolar stracture formed
by the finer traheculte.

their long diameter is,

in the latter situation,

placed transversely to

that of the penis : and
they become larger to-

wards the forepart of the

penis. They are occu-
pied by venous blood,
being in reahty large cavernous veins, and are lined by a layer of flattened
epithehum similar to that lining other veins.
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The intertralbecular spaces thus form a labyrinth of intercommuni-
catino: venous areolae divided by the trabecular tissue, and oiaening

freely from one corpus cavernosum to the other througii the septum,

especially in front. The blood is carried away from these spaces by two
sets of veins, the one set joining the prostatic plexus and pudendal

veins ; the others passing into the dorsal vein. Of these last some issue

Fig. 586.

t
''

'^^P ^'

:^Stf

Fig. 586.

—

Part op a SECTio>r ov one of the cohpoha caveenosa, injected eroji the
DEEP artery 01? THE PENIS (Henle).

On the left is seen tlie fibrous tissue ; at *, a section of the arteria profunda penis.

from between the corpus cavernosmn and the spongy body of the urethra,

encircling the penis nearly at right angles, while others pass more
directly into the dorsal vein from the upper surface.

The principal arteries of the corpora cavernosa are the cavernous

Fip'. 587. l^^g- ^S7. —Helicinb arteries with
THEIR SHEATHS, &c. (from Henle),

Magnified with a low power,

A and B, from tbe corpus cavernosum
penis ; D, from the corpus spongiosum

urethrss ; C, transverse section of one of

the helicine arteries ; in this and the

other figures the smaller lateral pro-

longations of the arterial vessels into the

sheath are shown ;
* *, fasciculi of con-

nective tissue passing off from the sum-
mit of two of the sheaths.

branches of the pudic arteries

(profundfB penis), of the right

and left sides ; but the dorsal

artery of the penis also sends

small twigs through the fibrous

sheath of the corpora cavernosa,

along the upper surface, especially

in the fore part of the penis.

Within the cavernous tissue, the

numerous branches of arteries are

supported by the trabeculas, in the

middle of which they run, and
terminate in branches of capil-

lary minuteness which open into the intertrabecular spaces ; some of

the arterial twigs projecting into the spaces, and forming peculiar
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curling and somewhat dilated vessels, which were named by J. Muller,

JieUcine arteries. These are usually bound do'^'n by small fibrous bands

(fig. 587,* *), and it appears to be due to this circmnstance that these

projecting vessels acquire a looped or tortuous aspect when distended

with injection.

The helicine arteries are most abundant in tlie posterior part of the corpora

cavernosa, and are found in the corresponding part of the corpus spongiosum
also ; but they have not been seen in the glans penis. They are more distinct in

the human subject than in animals, "where they are often missed. Small capillary

branches pass from them to supply the tissue of the enclosing sheath.

In addition to the blood which passes into the venous spaces from the
capiUaiy network of the sheath and trabeculaa some small arteries are said by
C. Langer to open directly into the larger venous spaces.

COEPtrS SPONGIOSUM.

The corpus spongiosum urethrae conmiences in front of the tri-

angular ligament of the perineum, where it is placed between the diverging

crura of the corpora cavernosa, and somewhat beliind their point of junc-

tion. The enlarged and rounded posterior extremity is named the lulb,

and is situated below the urethra. It extends forwards as a cylindrical, or

slightly tapering body, lodged in the groove on the under side of the united

Fig. 588.

—

Section of the Fig. 588.

COKPUS SPONGIOSUJI IN- ...

JECTED FKOJI ITS AKTERT
(Henle).

1, fibrous tunic of the

corpus cavernosura ; 2,

mucous membrane of the

urethra. * Section of a

lacuna of the mucous
membrane ;

* * section of

an arteiy.

cavernous bodies, as

far as their blunt

conical anterior ex-

tremity, over which it

expands so as to form

the glans penis aheady
described. In the

whole of this extent

it encloses theurethra.

The posterior bulbous part, or tidl} of fJie urethra, varies in size in

<lifferent subjects. It receives an investment from the triangular liga-

ment on which it rests, and is embraced by the accelerator urinffi, or

bulbo-cavernosus muscle. The posterior extremity of the bulb exhibits,

more or less distinctly, a subdivision into two lateral portions or lobes,

separated by a, slight furrow on the lower surface, and by a slender

fibrous partition within, which extends for a short distance forwards ; m
early infancy this is more marked. It is above this part that the

m-ethra, having pierced the triangular ligament, enters the bulb,

sm-rounded obliquely by a portion of the spongy tissue, named by Kobelt
the colliculus lulM, from which a layer of venous erectile tissue passes

back upon the membranous and prostatic portions of the uretln-a to the
X X 2
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neck of the bladder, lying closely beneath the mucous membrane. At
first the urethra is nearer the upper than the lower part of the corpus
spongiosum, but it soon gains and continues to occupy the middle of
that body.

Structure.—This is essentially the same as that of the corpora

cavernosa, but with a much less developed fibrous framework. Like the
corpora cavernosa, it is distended with blood during erection, but it

never acquires the same rigidity. The fibrous tunic (fig. 588, 1)
is much thinner, is less white in colour, and contains more elastic

tissue ; the trabeculse are finer and more equal in size ; the areola
are smaller, more uniform, and directed for the most part with
their long diameter in the line of that of the penis ; in the glans,

the meshes are smallest and most uniform. Plain muscular fibres

immediately surround the canal of the urethra, and also form part of

the external coat of the spongy substance. A considerable artery

derived from the internal pudic enters the bulb on each side, and
supplies the greater part of the spongy body, sending branches as

far as the glans penis, but this part is chiefly supplied by branches

from the arteria dorsalis. Besides these, there is another but much
smaller branch of the pudio artery, entering the bulb on the upper
surface, about an inch from its posterior extremity, and running
forwards in the corpus spongiosum to the glans (Kobelt). The arteries

open into the venous spaces chiefly if not entirely by the intervention of

capillaries. Yeins issue from the glans and adjoining part of the spongy
body, to end in the vena dorsalis penis ; those of the rest of the spongy
body for the most part pass backwards through the bulb, and end in the

prostatic and pudic venous plexuses : some emerge from beneath the

corpora cavernosa, anastomose with their veins, and end partly in the

cutaneous veins of the penis and scrotum, and partly in the pudic and
obturator veins.

The lymphatics of the penis form a dense network on the skin of the glans

and prepuce, and also underneath the mucous lining of the urethra. They pass

chiefly into the inguinal glands. Deep-sesited lymphatics are also described as

issuing from the cavernous and spongy bodies, and passing under the pubic arch

with the deep veins, to join the lymphatic plexuses in the pelvis.

The nerves of the penis are derived from the dorsal and superficial perineal

branches of the ^^udio nerve and from the hypogastric plextis of the sympathetic.

The former are distributed to the skin and mucous membrane, the latter entirely

to the cavernous and spongy bodies. Simple and compound end-bulbs occur
numerously on the nerves of the penis, and Pacinian bodies have been found oa
the nerves of the glans.

URETHEA OF THE MALE.

The male urethra extends from the neck of the bladder to the

extremity of the penis. Its total length is about eight inches and a half,

but varies much according to the length of the penis, and the condition

of that organ. - Except during the passage of urine or semen the canal is

a mere cleft elongated transversely and with the superior and inferior

parts of the wall in contact (see fig. 584, v). Its diameter when moderately

distended varies at different parts of its extent, as will be stated more
particularly hereafter. The tube consists of a continuous mucous
membrane, supported by an outer layer of submucous tissue connecting

it with the several parts through which it passes. In the submucous
tissue there are, throughout the whole extent of the urethra, two layers
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of plain muscular fibres, the inner fibres disposed longitudinally, and the

outer in a circular direction. The urethra is described under the three

divisions of the prostatic, menibranous, and sijongij portions.

Pig. 589.

—

The lower paet of the bladder and the prostatic, membranous, and
BULBOUS PARTS OP THE URETHRA OPENED FROM ABOVE. (Allen ThomSOn.)

A portion of tbe waU of tlie bladder and the upper part of the prostate gland have been
removed, the corpora cavernosa penis have been separated in the middle line and turned

to the side, and the urethra has been slit up ; the bulb is left entire below, and upon
and behind it the glands of Cowper with their ducts have been exposed, t, placed in the

middle of the trigonum vesicee ; u, u, oblique apertures of the ureters ; from these an
elevation of the wall of the bladder is shown running down to i( v, the uvula vesicje ; I, the

longitudinal muscular fibres of the bladder passing down upon the prostate ; s v, the

circular fibres of the sphincter ; p, the glandular part of the prostate
;

^j', the prostatic

portion of the urethra ; from the uvula vesicEe a median ridge is seen descending to the

caput gallinaginis, in which s indicates the opening of the prostatic utricle, and d, that of

one of the ejaculatory ducts ; m, the commencement of the membranous portion of the
iirethra ; I), the bulb of the S]pongy body ; b', the bulbous part of the urethra ; c, one of

Cowper's glands ; c d, c d, covirse and orifice of its duct lying upon the bulb, and passing

forward between the spongy body and the m-ethxa, into which along with its fellow it

opens ; c c, one of the corpora cavernosa.
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1. The first, or prostatic portion, is the part which passes through

the prostate gland. It is about li inches in length, is the widest part

of the canal, and is wider in the middle than at either end : at the neck

of the bladder its diameter is nearly one-third of an inch, in the next

part it widens a little, so as to be rather more than this (in old persons

nearly half an inch), farther on it diminishes, until, at its anterior limit,

it is smaller than at its commencement. It passes through the upper part

of the prostate, above the middle lobe. Though enclosed in the firm

glandular substance, it is more dilatable than any other part of the

urethra ; but immediately at the neck of the bladder, it is much more
resistant. The transverse section of the urethra, as it lies in the

prostate, is slightly curved with the convexity upwards.

The lining membrane of the prostatic portion of the urethra is thrown
into longitudinal folds, when not distended by fluid. Towards the neck

of the bladder, a slight elevation on the lower surface passes back into

the uvula vesica. Somewhat in advance of this, and continued from it

along the floor of the passage, projects a narrow median ridge, about

three quarters of an inch in length, and one eighth of an inch in its

greatest height ; this ridge gradually rises into a peak, and sinks down
again at its anterior or lower end, and is formed by an elevation of the

mucous membrane and subjacent tissue. This is the crest of the urethra

(crista urethra3), which also receives the names of coUiculus seminalis,

caput gallinaginis and verumontanum. On each side of this ridge the

surface is slightly depressed, so as to form a longitudinal groove, named
the pvsM'ic sinus, the floor of which is pierced by numerous foramina,

the orifices of the prostatic ducts. Through these a viscid fluid oozes

out on pressure ; the ducts of the middle lobe open behind the urethral

crest, and some others open before it. The prostatic urethral mucous
membrane is covered by a laminated epithelium like that of the bladder.

At the fore part of the most elevated portion of the crest, and exactly

in the middle line, is a recess, upon or within the margins of which
are placed the slit-like openings of the common seminal or ejaculatory

ducts, one at each side. This median depression leads into the prostatic

vesicle, which has been named also snms jjocularis, utricle or uterus

masculinus. It was first described by Morgagni, and corresponds with

the uterus in the female.

The vesicle forms a cul-de-sac running upwards or backwards, from
three to five lines deep, and usually about one quarter to nearly half an
inch wide at its entrance and for some distance up, but acquiring a

width of at least one twelfth of an inch at its further end or fundus.

The narrow portion runs in the urethral crest, and its fundus lies behind

and beneath the middle lobe, and between the two lateral lobes of the

prostate. Its parietes, which are distinct, and of some thickness, are

composed of fibrous tissue and mucous membrane, together with a few
muscular fibres, and enclose on each side the ejaculatory duct ; numerous
small ramified and convoluted glands open on its inner surface. The
epithelial lining 'is of the laminated kind. The caput gallinaginis

contains some well-marked erectile and plain muscular tissue, and it has

been supposed that this eminence, when distended with blood, may offer

an obstacle to the passage of the semen backwards into the bladder.

2. The membranous portion of the urethra comprises the part be-

tween the apex of the prostate and the bulb of the corpus spongiosum.

It is three quarters of an inch long, but about half an inch of its posterior
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surface is covered by the bulb of the corpus cavernosum which projects

backwards over it. This membranous portion is the narrowest division

of the urethra. In the middle its diameter is one-fifth of an inch : at

the end not quite so much. It is placed beneath the pubic arch, the

anterior concave surface being distant nearly an inch from the bone,

leaving an interval, occupied by the dorsal vessels and nerves of the

penis, by areolar tissue, and some muscular fibres. Its lower convex

surface is turned towards the perineeum, opposite the point of meeting

Fig. 590.

—

Sagittal section op the commencement of the urethra passing a littlk

TO THE LEFT OF THE MIDDLE LINE (Sappej).

1, Symiiliysis pubis ; 2, bladder ; 3, 4, section of its wall ; 5, pubo-prostatic ligament;

6 to 11, different parts of the prostate ; 12, left vas deferens ; 13, left seminal vesicle
;

14, ejaculatory duct, opening on the veru montanum ; 15, wall of the membranous part

of the urethra ; 16, areolar tissue with venous plexus, into which the vena dorsalis

penis, 17, is seen passing : 18, triangular ligament ; 19, bulb of the corpus spongiosum;

20, Cowper's gland ; 21, its duct ; 22, cavity of the rectum ; 23, its walls ; 24, anus

;

25, areolar and muscular tissue lying between the rectum and bulb ; 26, septum
scroti ; 27, corpus spongiosum urethree.

of the transverse muscles ; it is separated by an interval fi-om the last

part of the rectum. About y\j-th of an inch in front of the prostate

it emerges from between the anterior borders of the levatores ani, and
passes through the deep layer of the subpubic fascia ; it then lies between
that and the anterior layer (triangular ligament) through which it

passes someway farther forwards. Beth these fibrous membranes are

prolonged upon it, the one backwards and the other forwards. Between
these two layers the urethra is surrounded by erectile tissue, by some
veins, and also by plain muscular tissue, whilst the fibres of the compressor

urefhrca muscle are beneath it. On each side are Cowper's glands.
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The plain muscular fibres of this portion of the urethra are continued

over the outer and inner surfaces of the prostate into the muscular fibres

of the bladder posteriorly, and into those of the spongy portion of the

urethra anteriorly (Hancock),

3. The spongy portion of the urethra, by far the longest and most
variable in length and direction, includes the remainder of the canal, or

that part which is surrounded by the erectile tissue of the corpus spon-

giosum. Its length is about six inches. The part contained within the

bulb, sometimes distinguished as the tulhous portion, or sinus, is some-

v/hat dilated. The succeeding portion, as far as the glans, is of uniform
diameter, being intermediate in this respect between the bulbous and
membranous portions. The cross section of its canal appears like a trans-

verse slit. The canal of the urethra in the glans has, on the contrary,

when seen in a cross section, the form of a vertical slit : in this part,

which is from one-third to half an inch in length, the canal is again

considerably dilated, forming what is named t\ie fossa navicular is.

Lastly, at its orifice, which is a vertical fissure from 4-th to ^th of an
inch in extent, and bounded by two small lips, the urethra is again con-

tracted and reaches its narrowest dimensions. From the resistant nature

of the tissues at its margin, this opening does not admit so large a sound
or catheter as even the membranous portion of the canal.

The mucous membrane of the urethra possesses a lining of epithe-

lium, of which the superficial cells are long and columnar, except for a

short distance (5 to 8 mm.) from the orifice, where they are squamous, and
where the subjacent membrane is beset with papillae. The epithelium

rests on a basement membrane. Outside the mucous membrane there is

a layer of convoluted vascular structure, and external to that a layer of

circular plain muscular fibres separating it from the proper substance of

the spongy body.

The whole lining membrane of the urethra, except near the orifice, is

beset with small racemose mucous glands and follicles, commonly named
the glands of Littre, the ducts of which pass obliquely forwards through
the membrane. They vary much in size and in the extent to which their

cavities are ramified and sacculated, some being quite simple. Besides

these there are larger recesses or lacunae,, opening by oblique orifices

turned forwards, or down the canal. These are most abundant along the

floor of the urethra, especially in its bulbous part. One large and con-

spicuous recess, situated on the upper surface of the fossa navicularis, is

named the lacuna magna. A median fold of the membrane rising from
the inferior sm'face of this part of the uretlnra has been named the valve

of the fossa navicularis.

Stratified concrements like those met witli in the prostate are also found in old

subjects in the glandular recesses of the urethra (Robin and Cadiat).

Cowper's glands.—In the bulbous portion of the urethra, near its

anterior end, are the two openings of the ducts of Cowpefs glands.

These small glandular bodies (fig. 589, c) are seated above the bulb,

behind the membranous portion of the urethra, between the two layers

of the subpubic fascia, the anterior layer supporting them against the

urethra. The arteries of the bulb pass above, and the transverse fibres

of the compressor urethrse beneath these glands. They are two small

firm rounded masses, about the size of peas, and of a deep yellow

colour. They are compound racemose glands, composed of several
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small lobules held together by a firm mvestment. This latter, as

well as the walls of the ducts, contains muscular tissue. The epithelium

of the acini consists of clear columnar cells, with a reticular protoplasm,

staining like the cells of mucous glands. The ducts are lined with cubical

epithelium. The ducts unite outside each gland to form a single ex-

cretory duct (fig. 589, c d). These ducts run forward near each other

for about an inch or an inch and a half, first in the spongy substance

and tiien beneath the mucous membrane, and terminate in the floor of

the bulbous part of the urethra by two minute orifices opening obliquely.

These glands secrete a viscid fluid, the use of which is not known ; they

appear to diminish in old age ; sometimes there is only one present, and
it is said both may be absent.

Occasionally there is a third glandular body in front of and between Cowper's

glands ; this has been named the anterior prostate ot ante-])rostatio gland.

The muscles in connection with the urethra and penis have been

ah-eady described with the muscles of the perinasum in the first volume.

Kecent Literature of the urethra and penis.

—

Klein, in Strieker's Handbook, 1871

;

C. Langer, in Wiener Sitzungsb., XLVI. ; Rohin et Cadiat, in Journ. de I'anat., 1875
(muqueuse urethrale

)
; Langerhans, in Vii'ch. Arch. , LXI. (accessory genital glands) ; Iverscn,

in Nord. med. ark. XI. (prostate) ; M. v. Freij, in Arch. f. Anat., 1880 (corpora

cavernosa); Schneidemiihl, in Zeitschr. f. Thiermed., YL, 1S80 (Cowper's glands).

THE TESTES AND THEIR ACCESSORY STRUCTURES.

The testes or testicles, the two glandular organs which produce the

spermatozoa, are situated in the pouch of integument termed the scrotum,

each being suspended by the spermatic cord..

The spermatic cord.—The parts which form this cord are the excre-

tory duct of the testes, named the vas deferens, the spermatic artery and
veins, lymphatics, nerves, and connecting areolar tissue. Besides this

last the cord has several coverings in common with the testis. The
structm'es mentioned come together to form the cord at the internal or

deep abdominal ring, and, extending tlirough the abdominal wall obliquely

downwards and towards the middle line, escape at the superficial or

external abdominal ring, whence the cord descends over the front of the

pubes into the scrotum.

The inguinal canal.—By the term inguinal canal is understood the

space occupied by the spermatic cord as it passes through the abdominal
wall. It extends from the deep to the superficial abdominal ring, and
is about an inch and a half in length. In the upper part of this course

the cord has the fascia transversalis behind it, and is covered in front by
the lower fibres of the internal oblique and transversalis muscles ; lower

down it lies in front of the conjoined tendon of these muscles, the fibres

of which have arched inwards over it, and its cremasteric covering is in

contact anteriorly mth the aponeurosis of the external oblique muscle.

The inguinal canal is therefore said to be bounded posteriorly by the

fascia transversalis above and the conjoined tendon below, and anteriorly

by fibres of the transversalis and internal oblique muscles above, and the

aponeurosis of the external oblique muscle below ; while its floor is

formed by the curving backwards of Poupart's ligament, and its roof by
the apposition of the layers of the abdominal wall and the arched fibres

of the internal oblique muscle.

As it enters the ino'uinal canal, the cord receives a covering from the



682 THE SCEOTUM.

infundibiiliform fascia, a thin layer continuous with the fascia transver-

salis, and prolonged down from the margin of the deep abdominal ring
;

within the canal it receives a coTcring from the cremaster muscle and its

layer of fascia ; and as it emerges from the canal there is added super-

ficially to this, the intercolumnar fascia prolonged from the margin of
the superficial abdominal ring.

The scrotum.—The scrotum forms a purse-like investment for the
testes and part of the spermatic cords. Its condition is liable to some
variations according to the state of the health and other circumstances :

thus it is short and corrugated in robust persons and under the effects

of cold, but becomes loose and pendulous in persons of weak constitution,

and under the relaxing influence of heat. A superficial division into

two lateral halves is marked by a slight median ridge, named the raiihe,

extending forwards to the under side of the penis, and backwards along-

the perinceum to the margin of the anus.

The coverings of the cord and testis in the scrotum may be enume-
rated from Avithout inwards as follows, viz., the slzin, su])erficial fascia

and dartos tissue, the intercolumnar fascia, the cremaster muscle and
fascia, and the infumlihuliform fascia, which is united to the cord by
a layer of loose areolar tissue ; lastly, the special serous membrane of

the testis named the tunica vaginalis, which forms a close sac, of which
one part lines the scrotum and the other closely envelopes the testis.

1. The skin of the scrotum is very thin, and is of a darker colour

than elsewhere ; it is generally thrown into rugse or folds, which are

more or less distinct according to the circumstances already mentioned.

It is furnished with sebaceous follicles, the secretion from which has a

peculiar odour, and it is covered over with thinly scattered curled and
flattened hairs, the bulbs of which may be seen or felt through the skin

when the scrotum is stretched. The superficial blood-vessels are also

readily distinguished through this thin integument.

2. Immediately beneath the skin of the scrotum there is found a thin

layer of a peculiar loose reddish-brown tissue, endowed with contractility,

and named the dartos tunic. This subcutaneous layer is continuous

with the superficial fascia of the groin, perineeum, and inner side of the

thighs, but assumes a difi'erent structure, and is entirely free from fat.

The dartoid tissue, which is more abundant on the fore part of the scrotum

than behind, forms two distinct sacs, for the corresponding testes, united

together along the middle line so as to establish a median partition

named the sejjtum scroti, which is adherent below to the deep surface of

the raphe, and reaches upwards to the root of the penis. The dartos is

very vascular, and owes its contractile properties to the presence of a

considerable amount of unstriped muscular tissue (Kolliker).

3. The intercolumnar or spermatic fascia, a very thin and trans-

parent but relatively firm layer, derived from the tendon of the external

oblique muscle of the abdomen, is attached above to the margins of the

external ring, and is prolonged downwards upon the cord and testis.

It lies at first loeneath the superficial fascia, and lower down beneath

the dartos, and it is intimately connected with the layer next mentioned.

4. The cremasteric layer is composed of scattered bundles of striped

muscular fibres, connected together into a continuous covering by inter-

mediate areolar membrane. The red muscular portion, which is con-

tinuous with the lower border of the internal oblique muscle of the

abdomen, constitutes the cremaster muscle, and the entire covering is
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named the cremasteric fascia. By the action of the cremaster the corcl is

shortened and the testicle is raised towards the body.

5. The iufundibuliform fascia, continnons aboTC with the fascia

transversalis and the subperitoneal areolar membrane, and situated

immediately beneath the cremasteric fascia, invests the cord completely,

and is connected below with the joosterior part of the testicle and the

outer surface of its serous tunic. On forcing air beneath the infundi-

buliform fascia, a quantity of loose and delicate areolar tissue is seen to

connect its deep surface with the Tas deferens and spermatic blood-

vessels, and to form lamellae between them. This areolar tissue is con-

tinuous above with the subserous areolar tissue found beneath the peri-

toneum on the anterior wall of the abdomen ; below, it is lost upon the

back of the testicle. Together with the infuudibuliform fascia, it forms
th&fascia prop'ia of Astley Cooper.

Lying amongst this loose areolar tissue, in front of the upper end of the cord,

there is often seen a fibrous band, which is connected above with the pouch of

peritoneum found opposite the upper end of the inguinal canal, and which
passes downwards for a A-ariable distance along the spermatic cord. Occasionally

it may be followed as a fine cord, as far as the upper end of the tunica vaginalis
.;

sometimes no trace of it can be detected. It is the vestige of a tubular process

of the jjeritoneum, which in the foetus connects the tmiica vaginalis with the

Fig. 591.Fig. 591.

—

The left tuxica
VAGINALIS OPENED, SHOW-
ING THE TESTIS, EPIDIDY-

MIS, &C., FROM THE OUTER
SIDE. (Allen Thomson.)

2^, p, the cut edges of the

parietal tunica vaginalis drawn
aside; i, the body of the
testis ; e, e', the epididymis

;

/, a fold of the tunica vagi-

nalis passing from the boily

of the testis to the side. In
the upper part of the figure

the tunica vaginalis has been
dissected off at the place of its

reflection on the cord to show
V d, the vas deferens, and g,
the organ of Girades ; Gr, the

three small nodules of this

organ enlarged about ten times,

and showing the remains of

tubularstructure within them

;

h, hydatid of Morgagni.

general peritoneal mem-
brane. The testicle is placed

within the abdomen during
the greater part of foetal

life ; but at a period con-

siderably prior to its escape

from the abdominal cavity,

a pouch of peritoneum
already extends down into the scrotum. Into this pouch, or processus vaginalis
jjeritoncz'i, the testicle projects from behind, supported by a duplicatm-e of the
serous membrane, named the mesorcJmnn. Sooner or later after the gland has
descended into the scrotum, the upper part or neck of this pouch becomes con-
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tracted and finally obliterated, from the internal abdominal ring down nearly to

the testicle, leaving no trace but the indistinct fibrous cord already described,

while the lower part remains as a closed serous sac surrounding the testicle, and
which is thence named the tunica vaginalis.

In the female foetus an analogous pouch of peritoneum descends for a short

distance along the round ligamemt of the uterus, and has received the appella-

tion of the ca nal of Nucli. Of this traces may almost always be seen in the adult.

The neck of the processus vaginalis sometimes becomes closed at intervals only,

leaving a series of sacculi along the front of the cord ; or a long pouch may
continue open at the upper end, leading from the abdominal cavity into the
inguinal canal. In other instances, the peritoneal process remains altogether

pervious, and the cavity of the tunica vaginalis is thus made continuous with
that of the peritoneum. In such a case of congenital defect, a portion of
intestine or omentum may descend from the abdomen into the inguinal canal
and scrotum, and constitute what is named a congenital hernia. Lastly, one or

both testes may remain permanently within the abdomen, or their descent may
be delayed till after puberty, when it may occasion serious disturbance. Reten-
tion of the testes in the abdomen (cryptorchismus) is, in many instances, the
accompaniment of arrested development of the glandular structure ; it is,

however, a peculiarity which may be present without impotence.

In a few mammals, as the elephant, the testes remain permanently within the
abdomen ; in a much larger number, as the rodentia, they only descend at each
period of rut. The complete closure of the tunica vaginalis is peculiar to man,
and may be considered as connected with his adaptation to the erect posture.

6. The tunica vaginalis.—This tunic forms a shut sac, of which the

opposite free surfaces are iu contact with each other. Like the serous

membranes in general, of which it presents one of the simplest forms,

it may be described as consisting of a visceral and a parietal portion.

The visceral portion, tunica vaginalis testis, closely invests the greater

part of the body of the testis, as well as the epididymis, between which
parts it is depressed in the form of a pouch (digital fossa), and lines

their contiguous surfaces, and it adheres intimately to the proper fibrous

tunic of the gland. Along the posterior border of the gland, where the

vessels and ducts enter or pass out, the serous coat, having been re-

flected, is Avanting, This portion of the serous covering frequently pre-

sents villous prolongations on the borders of the epididymis and upper
end of the testis ; these processes, sometimes of considerable length, are

covered in some places with cylindrical, in others with layers of flat

epithelium.

The parietal or scrotal portion of the tunica vaginalis is more extensive than
that which covers the body of the testis ; it reaches upwards, sometimes for a
considerable distance, upon the spermatic cord, extending somewhat higher ou
the inner than on the outer side. It also reaches downwards below the testicle,

which, therefore, appears to be suspended at the back of the serous sac, when
this latter is distended with fluid ; a fold, or so-called ligament, being left

projectmg at the lower end of the epididymis (fig. 591,/).

Vessels and nerves of the scrotum and spermatic cord.—The arteries are

derived from several sources. Thus, the two external piodic arteries, branches of

the femoral, reach the front and sides of the scrotum, supplying the integument
and dartos ; thS superficial perineal branch of the internal pudic artery is dis-

tributed to the back part of the scrotum ; and, lastly, more deeply seated than

either of these is a branch given from the epigastric artery, named cremasteric,

which is chiefly distributed to the cremaster muscle, but also supplies small

branches to the other coverings of the cord, and by its ultimate divisions anasto-

moses with the other vessels. The artery of tlie vas deferens, a long slender

vessel derived from the superior vesical, accompanies the tube in its whole
length. The veins accompany the arteries. The veins of the cord form the
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spermatic or pampiniform plexus elsewhere described. The lymphartics pass

into the inguinal lymphatic glands.

The nerves also proceed from various sources. Thus, the 'iUo-'infivAnal. a
branch of the lumbar plexus issuing by the external abdominal ring, supplies the

integuments of the scrotum ; this nerve is joined also by a filament from the

illo-1n/2W(/astric branch of the same plexus : sometimes two separate cutaneous

nerves come forward through the external ring. The two supej-Jicial ^;d'r/«Y'«Z

branches of the internal padic nerve accompany the artery of the same name
and supply the inferior and posterior parts of the scrotum. The inferior

])U(h'n(lal. a branch of the small sciatic nerve, joins with the perineal nerves, and
with them is distributed to the sides and fore part of the scrotum. Lastly, the

sipcrmatic hranch of the r/enito-crural nerve reaching the spermatic cord at the

internal abdominal ring, passes with it through the inguinal canal, and supplies

the fibres of the cremaster muscle, besides sending a few filaments to the other

deep coverings of the cord and testicle.

THE TESTICLES.

The testes, or principal reproductive glands (5t8u/xos, opxis), are sus-

pended obliquely in the scrotum by means of the cord and membranes
ah'eady described ; they are usually placed at unequal lieights, that of

the left side being lower than the other. They are of an ovoid form, but

are slightly compressed laterally, so that they have two somewhat
flattened sides or faces, an upper and a lower end, an anterior and a

posterior border. They are about an inch and a half long, an inch and
a quarter wide from back to front, and nearly an inch thick from side to

side. The weight of each varies fi'om three-quarters of an ounce to an
ounce, the left being often a little the larger of the two.

The front and sides of the testis, together with the upper and the

lower ends, are free, smooth, and closely invested by the tunica vaginalis.

The posterior border is attached to the spermatic cord, and it is here

that the vessels and nerves enter or pass out. When the testis is sus-

pended in its usual position, its upper end is directed obliquely forwards

and outwards, as weU as upwards, whilst the lower, which is rather

smaller, has the opposite direction. It follows from this that the pos-

terior or attached border is turned upwards and inwards, and the outer

flattened face shghtly backwards.

Fig. 592.Fig. 592.

—

Transverse section through the
RIGHT TESTICLE AND THE TUNICA VAGINALIS (frOm
Kolliker).

a, connective tissue enveloping the parietal layer

of the tunica vaginalis ; 6, this layer itself ; c, cavity

of the tunica vaginalis ; d, reflected or visceral layer

adhering to e, the tunica albuginea
; /, covering of

epididymis (r/) on the right or outer side ; h, medias-
tinum testis ; i, branches of the spermatic artery ;

k, spermatic vein ; I, vas deferens ; vi, small artery

of the vas deferens ; n, o, septa or processes from
the mediastinum to the surface.

Attached to the posterior border of the

gland, and resting also on the neigh-
bouring portion of its outer face, is a
long narrow body, the epididt/mis, which
forms part of the excretory apparatus of the testicle, and is prin-
cipally composed of the convolutions of a long tortuous canal or
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efferent ducfc, to be presently described. Its uj^per extremity, con-

siderably larg'er than the lower, projects forwards on the upper end of

the testis, and is named the head or globus major (fig. 591, e) ; the lower,

which is more pointed, is termed the tail or globus minor (e') ; whilst the

intervening portion is named the bodg. The convex surface of the

epididymis and the thin anterior border are free, and covered by the

tunica vaginalis. The concave surface, or that directed towards the

testis, except at the upper and lower ends, is also free, and invested by
the same tunic, which here forms the digital pouch between the epididy-

mis and the outer face of the testicle, and nearly surrounds the epididy-

mis, except along its posterior border, which is united to the gland by
a duplicature of the serous membrane, containing numerous blood-vessels.

At its upper and, lower extremity, the epididymis is attached to the

testis by fibrous tissue and a reflection of the tunica vaginalis, the globus

major also by the efferent ducts of the testis.

At the back of the testis and epididymis, beneath the fascia propria,

opposite the lower two-thirds of the testis, is a considerable amount of

unstriped muscular tissue, the inner muscular tunic of Kolliker.

On the front of the globus major, somewhat to the outer side, there are

usually found one or more small pedunculated bodies covered by an
extension of the tunica vaginalis and formed mainly by connective tissue

and blood-vessels. These are the hydatids of Morgagni. They are com-
monly regarded as the remains of the foetal structure termed Midler's

duct. One of them of a more regularly pyriform shape, and more
constant than the rest, lies closely between the head of the epididymis

and the testis.

This has been thought, but as it would appear on insufficient evidence, to be

the homologue of the ovary in the male sex (Fleischl, Krause). Its surface is

ciliated, and a canal lined by ciliated epithelium and opening into the cavity of

the timica vaginalis is sometimes contained within it.

Steucture of the Testis.—The testis is enclosed in a strong capsule,

the tunica albuginea. This is a dense unyielding fibrous membrane,
of a white colour, and of considerable thickness, which immediately invests

the soft substance of the testis, and preserves the form of the gland. It

Fig. 593. Fig. 593.

—

Plan of a vertical section of the testicle,

SHOWING THE ARRANGEMENT OF THE DUCTS.

The true length and diameter of the ducts have been dis-

regarded, a, a, tubuli seminiferi coiled up in the separate

lobes ; b, vasa recta ; c, rete vasculosum ; d, vasa efferentia

ending in the coni vasculosi ; I, e, q, convoluted canal of

the epididymis; h, vas deferens
; /, section of the back

IDart of the tunica albuginea ; i, i, fibrous processes run-

ning between the lobes
; / to s, mediastinum.

is composed of bundles of fibrous tissue, which

interlace hi every direction. The outer surface is

covered by the tunica vaginalis, except along

the posterior border of the testis, where the

spermatic vessels pass through and the two ex-

tremities of the epididyiuis are attached.

In the interior, the fibrous tissue of the

tunica albugiiiea is prolonged from the posterior border for a short dis-

tance into the substance of the gland, so as to form within it an incom-
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plete vertical septum, knowii as the corjms Highmori, and named by
Astley Cooper mediastinum testis. It extends from the upper nearly

to the lower end of the gland, and it is wider above than below. The
firm tissue of which it is composed is traversed by a network of seminal

ducts, and by the larger blood-vessels of the gland, which are lodged
in channels formed in the fibrous tissue.

From the iiont and sides of the corpus Highmori numerous slender

fibrous cords and imperfect septa of connective tissue are given off in

radiating directions, and are attached by their outer ends to the internal

surface of the tunica albuginea at different points, thus incompletely

dividing the glandular substance into lobules. According to Kolliker,

plain muscular fibres are prolonged upon these septula. The whole
internal surface of the tunica albuginea is covered by a multitude of fine

blood-vessels, which are branches of the spermatic artery and veins, and
are held together by a delicate areolar Aveb. Similar delicate ramifi-

cations of vessels are seen on the various fibrous offsets of the medi-
astinum, upon which the blood-vessels are thus supported in the interior

of the gland. This vascular network, together with its connecting

areolar tissue, constitutes the tunica vasculosa of Astley Cooper.

The glandular substance of the testis which is included in the fibrous

framework formed by the albuginea, the mediastinum and the trabecule

is a mass of convoluted tubules known as the tubuli seininiferi which
are somewhat loosely connected together by areolar tissue into the lobes

or lobules above mentioned. Of these lobes there are some 300 or 400
(Krause) ; they are of unequal size, the middle ones being the larger ;

and are imperfectly separated from one another, the septa being in-

complete. In each lobe are two, three or more seminiferous tubules

closely convoluted, and here and there branched, especially at their

anterior or distal extremity where, in a cortical zone near the albuginea,

they frequently communicate laterally with one another. It is not

chfiicult to unravel the tubules for some distance, for their walls are.

moderately strong, and their diameter (y^th to xso^l^ of ^^ inch) large

compared with those of other tubular glands, such as the kidney. Their

length is estimated to be on an average rather greater than two feet,

and their number between 800 and 900 (Lauth). They have a

smooth contom% but this is interrupted at intervals by small bulgings,

which are more numerous near the commencement of a tubule than near

its termination. The walls of the seminiferous tubules are composed af

several layers of flattened cells. Of these only the innermost layer is

complete, being formed of epithelioid cells closely united edge to edge into

a basement membrane. This is strengthened by the other layers, which,

however, exhibit intervals between the flattened cells which compose
them, these intervals becoming very marked in the outermost layers.

In consequence of their being thus formed of several layers, the walls

of the tubules have a concentrically striated appearance in cross-

section.

The tubules are occupied by an epithelium which consists of several

irregular layers of cells, amongst which the seminal filaments or

spermatozoa may be observed in different stages of development (fig.

594). In different tubules of the same testis and even in parts of the

same tubule the condition of development of the spermatozoa may be

very various, and the epithelium presents corresponding differences

both in the number of its layers and the appearance of the cells.
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In all cases, however, there is a complete or tolerably regular layer of
cubical or somewhat flattened cells which immediately lines the basement
membrane. A few of these outer or lining cells usually present indica-

tions of prohferation, the nucleus being in one of the phases characteristic

of division, and here and there one of these cells may project between
those of the next layer.

"Within this stratum, in those parts where the formation of spermatozoa
has progressed to its fullest extent (fig. 594, c), we come across an irre-

gular layer of large clear rounded cells, many of which from the appearance
of their nuclei are undergoing proliferation. They may be termed the

Fig. 594. Fig. 594.

—

Section of parts
OF THREE SEMINIFEROUS TU-
BULES OF THE RAT (E.A.S.,

from a preparation by Mr.
A. Frazer). Magnified.

a, with the spermatozoa
least advanced in develoj)-

ment ; h, more advanced ; c,

containing fully developed
spermatozoa. between the
tubules are seen strands of

interstitial cells with blood-

vessels and lymph -spaces.

intermediate or inolife-

rating cells. They pro-

bably give origin to the

cells of the third or

imiermost or oiuiritive

layer which consists of

a number of rows of

granular ill-defined cells

which appear blended with one another into an almost uniform mass.

Their nuclei are small and faint, staining only slightly with logwood,

and do not show evidence of undergoing proliferation ; towards the

lumen of the tubule they become very faintly outlined. Imbedded in

the innermost part of this layer are the heads of the spermatozoa,

whilst their tails project into and occupy the lumen of the tube, gene-

rally being bent down and extending for a short distance along its

course.

It appears probable that the spermatozoa are set free by the breaking down
into an albuminous fluid of the protoplasmic layer in which their heads are

imbedded. In those parts of the seminiferous tubules and ducts where
spermatozoa are free they are accompanied by nuclei and portions of nuclear

substance, derived in all probability from the cells of this layer, the liquified

protoplasm of which may be supposed to serve for the nutrition of the

spermatozoa.

In other tubules, from which the spermatozoa have recently been dis-

charged, the innermost layer is almost or entirely absent but the pro-

liferating cells are two, three, or more rows deep. The formation of

fresh spermatozoa appears to take place from some of these cells, groups

of daughter-cells l^eing formed by their proliferation, and each daughter-

cell giving rise to a spermatozoon (fig. 594, a).
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It is uncertain wh.etlier the lining-cells may not also produce spermatozoa ; in-

deed, according to some authorities, they alone are concerned in the process (see

below). Since, however, in any case the lining cells by their proliferation have
originally given rise to the cells of the nest layer, and probably continue to do so

during life, the difference of opinion is not of so great importance as it at fii-st

sight may seem.

The nuclei of the cells which are concerned in the production of the

spenaiatozoa (spermatoblasts) undergo division by the ordinaiy process of

karyokinesis (see pp. 11 to 16) into two, four, or even more daughter-nuclei, which
either separate from one another at once, each with a proportionate amount
of the protoplasm of the mother-cell, or remain for a time enclosed within the

mother-cell. From the daughter-nuclei the heads of the spermatozoa are deve-

loped, while the tails are formed from the enclosing protoplasm, but the exact

mode of formation will be described after their structure has been treated of.

It is in consequence of their development from a number of daughter-cells

resulting from the proliferation of a mother-ceU that the arrangement into

groups is determined.

In tlie meantime the groups become more separated from one another

by the accumulation between them of cells of the third or nutritive

layer, which appear also to be produced by the proliferation of some
of the intermediate cells. This is accompanied by a gradual shifting oi"

the groups of spermatozoa towards the lumen, but for some time many
of them remain with the heads buried in the outermost part of the

nutritive layer and even between the cells of the intermediate layer

(fig. 594, 5). Eventually, however, they become entirely accumulated

next the lumen, where they are more closely packed and the arrange-

ment into groups becomes in a large measure obscured (fig. 594, r).

These different conditions of the epithelium of the tubules can often

be all observed in sections of adjacent tubules.

The above account of the appearances presented by the contents of the semini-

ferous tubules, Avhich is the result of a renewed investigation of the subject,*

differs in some respects f':om that of preceding writers. According to some
authors, all the cells within the lining layer are spermatoblasts, the distinction

between these and cells which simply serve for their support and nutrition not
being recognized. According to most other authors, it is only the cells of the

lining layer which give rise to spermatozoa ; some of these cells (spermatoblasts

of Ebner) growing towards the lumen between the cells of the inner layers as

elongated columns terminating in enlarged extremities. Within the latter the

nuclei multiply, and form daughter-nuclei, and from these and the protoplasm

suiTounding them the spermatozoa are developed, and are thus at fii'st grouped
together at the extremity of the elongated columns. The cells between serve

simply for support and nutrition. As has already been stated, this view is not
essentially different from the one adopted in the text ; differing chiefly from
that in insisting upon the permanent connection of the spermatoblasts with the

lining epithelium.

KJein differs from most authors in describing the spermatozoa as becoming de-

veloped from completely separated daughter-cells (fig. .595, A, b), and as possess-

ing at first no grouped arrangement, this being subsequently acquired (fig.

.51)5, c), but in what manner is not explained. As to this view it may be re-

marked that there is no doubt the grouping appears more distinct in intermediate

stages of development (as in fig. 594, t) than in the earliest stages ; but that this

seems to be owing to the accumulation of nutritive cells between groups of

daughter cells, which are already existent, but which are at first so nearly in

apposition that the eye fails to distinguish clearly the intervals between the groups.

* I have been much assisted in coming to a conclusion upon this question by the
examination of specimens which were placed at my di^iJosal by Mr. A. Frazer, M. B.,

Demonstrator of Anatomy in Owens College. (E. A. S.)

VOL. II. T Y
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Lastly according- to Sertoli and Merkel the columnar cells of v. Ebner and
Neumann are not spermatoblasts but form part of a sustentacular cell-network

which serves to support the rounded cells occupying the rest of the tubule, these

latter being those which are actually concerned in the formation of the sperma-
tozoa. Other observers, whilst admitting the existence of such a network, deny
its continuity with the columnar cells.

Fig. 595.

(S^(e|;p^

B

G
Pig. 595.

—

Stages in the development op the spermatozoa of the dog (Klein).

m, membrana ijropria ; d, epithelium ; e, lamina of connective tissue ; 1, 2, 3,
daughter cells in different stages of development into spermatozoa ; s, developing sperma-
tozoa in groups.

Interstitial tissue, lymphatics, and blood-vessels.—The tissue

which connects the seminiferous tubules is in some respects peculiar. It

consists of fine fasciculi and laminae of areolar tissue, these being covered

hy and partly composed of flattened epithelioid cells. Between the laminae

and fasciculi are large cleft-like spaces, containing lymph, and almost

everywhere enclosing the basement membrane of the tubules. If these

spaces are injected by the punctm'e-method, the injecting fluid flows

away by the lymphatics of the spermatic cord. It is found to penetrate

between the incomplete outer layers of the basement membrane, but is

arrested by the innermost layer.

The blood-vessels are conducted at first along the trabeculse, and from
these they pass into the angular interstices between the tubules. Here
they are supported by the areolar tissue and accompanied and often

completely surrounded by tracts of pecuhar epithelium-like polyhedral

cells somewhat like the cortical cells of the suprarenal capsules, and like

these often containing yellowish granules. They are known as the infer-

stitial cells of the testis, and have been regarded as specially modified

connective tissue (plasma-) cells (Waldeyer), or as epithelial ceUs derived

from the "Wolffian body (Klein), but until their development has been

traced, nothing certain with regard to their natm-e can be stated. It

may be remarked, however, that in sections of the foetal testis, the
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cells in question cannot be distinguished fi-om the other cells of the

developing- intertiibular connective tissue. Similar cells are met with in

the stroma of the ovary.

The capillaries form a close network over the walls of the semini-

ferous tubules.

Ducts of the testis.—As the convoluted tubuli seminiferi approach
the mediastinum testis they unite, as before said, with one another at

acute angles into a smaller number of tubes which have a less flexuous

course, and at length become nearly straight. Close to the mediastinum
they taper into short, straight tubes (tubuli recti), of smaller diameter

than the seminiferous

tubes, and differing

from them in the

character of their epi-

thelium (fig. 596).

This, in the straight

tubules, is a single

layer of flattened or

cubical cells continu-

ous with the outer or

Fig. 597.

Fig. 596.

—

Passage op convoluted seminiferotts TTTBTrras into straight tubules and

OP THESE into THE EETE TESTIS (MLhalkOYics).

a, seminiferous tubules ; 6, fibrous stroma continued from the mediastinum testis

;

c, rete testis.

Fig. 597.

—

Ducts of the testicle injected with mercury (from Haller).

a, body of the testicle ; I, tubuli in the interior of the gland ; c, rete vasculosum ;
d,

Tasa efferentia terminating in the coni vasculosi ; e, /, g, convoluted canal of the

epididymis ; /i, vas deferens ascending from the globus minor of the epididymis.

lining cells of the seminiferous tubes. The basement membrane is also

continued on to the straight tubules.

The straight tubules open into a network of vessels which Kes in

the substance of the mediastinum, and was named by Haller, rete

vasculosum testis (fig. 596, c). The tubes composing the rete have

no proper walls, but are merely channels in the fibrous stroma, hned by
Y Y 2
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flattened epithelium. Their diameter is greater than that of the tubuli

recti. The secretion from the testis is accumulated in the rete, and is

conducted to the upper and back part of the testis, whence it is con-

veyed away by the efferent tubules, or vasa efferentia. These are

from twelve to fifteen, or sometimes twenty in number ; they perforate

the tunica albuginea beneath the globus major of the epididymis, of

which they may be said to form a part, and in the convoluted canal of

which they ultimately terminate. On emerging fi-om the testis, these

vasa efferentia are straight, but, becoming more and more convoluted as

they proceed towards the epididymis, they form a series of small conical

masses, the bases of which are turned in the same direction, and which are

named coni vasculosi {fig. 598,/). They are about j^th of an inch in

diameter. The largest of the cones is about two-thirds of an inch loug,

and when um'olled, each is found to consist of a single coiled duct, varying

from six to eight inches in length, and the diameter of Avhich gradually

decreases from the testis to the epididymis (Huscbke). Opposite the

globus major these separate efferent vessels open, at intervals which, in

the unravelled tube, are found to be about three inches in length, into

a single canal or duct, the intervening and subsequent convolutions of

which constitute the epididymis itself.

The canal of the epididymis (fig. 598, g) is disposed in very

numerous coils, and extends from the globus major downwards to the

globus minor or tail, where, turning upwards, it is continued on as the

vas deferens. When its complicated flexuosities are unrolled, it is

found to be twenty feet and upwards in length. The smallest wind-

Fig. 598. Fig. 593.

—

Injected testis epi-

didymis, AND VAS DEFERENS
(from Kolliker after Arnold), f

a, body of the testicle ; I, lo-

bules ; c, vasa recta ; d, rete vas-

culosiim ; e, vasa eflFerentia
; /,

coni vasculosi
; g, epididymis ; k,

vas deferens ; i, vas aberrans ; m,
branches of the spermatic artery

passing to the testicle and epidi-

dymis ; n, ramification in the

testis ; o, artery of the vas de-

ferens
; p, its union with a twig

of the spermatic artery.

Ings are supported and held

together by fine areolar tis-

sue; but, besides this, numer-

ous incomplete, transverse,

fibrous partitions are inter-

posed between larger masses

of the coils, which ha^se

been named the loies of the

epididymis. The canal of

the epididymis is, at its

commencement, about J^th

of an inch in diameter, but

diminishing as it proceeds

towards the globus minor, it is about yVth of an inch, after which it again
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increases in size, and becomes less deeplyconvoluted as it approaches the vas

deferens. Its coats, which are at first thin, become thicker in its progress.

The vasa eflferentia and the tube of the epididymis are provided with

a considerable amount of plain muscular fibres in their wall. The
epithehal lining cells are columnar or prismatic in form and are ciliated,

the cilia being long, and causing by their movement a current in the

outward du-ection. In the epididymis the cells are greatly elongated, in

the vasa efferentia they are shorter ; in the lower part of the epididymis

the cilia disappear. Between the fixed ends of the columnar ceUs other

smaller cells are met with.

The vas deferens (fig. 598, h), or excretory duct of the testis, forms

the continuation upwards of the convoluted canal of the epididymis. It

commences at the lower end of the epididymis, and, at first rather tortuous

but afterwards becoming straight, it ascends upon the inner side of the

epididymis, and along the back of the testicle, separated from both,

however, by the blood-vessels passing to and from the gland. Con-
tinuing then to ascend in the spermatic cord, the vas deferens accom-
panies the spermatic artery, veins and nerves, as far as the internal

abdominal ring. Between the testicle and the external ring its course is

nearly vertical : it lies behind the spermatic vessels, and is readily dis-

tinguished by its hard cord-like feel. It then passes obliquely upwards
and outwards along the inguinal canal, and reaching the inner border of

the internal abdominal ring, it leaves the spermatic vessels (avMcIi extend

to the lumbar region), and turns suddenly downwards and inwards into

the pelvis, crossing over the external iliac vessels, and turning round the

outer or iliac side of the epigastric artery. Eunning beneath the peri-

toneum, it reaches the side of the bladder (fig. 577, i), upon which ifc

descends, curving backwards and downwards to the hinder surface of
that viscus, and finally passes forwards to the base of the prostate gland.

In its course within the pelvis, it crosses over the cord of the obliterated

hypogastric artery, and lies to the inner side of the ureter. Beyond this

point, where it ceases to be covered by the peritoneum, it is attached to

r-he coats of the bladder, in contact with the rectum, and gradually

approaching its fellow of the opposite side. Upon the base of the

bladder, the vasa deferentia are situated between two elongated

receptacles, named the seminal vesicles (fig. 600) ; and, close to the base

of the prostate, each vas deferens ends by joining with the duct from
the corresponding seminal vesicle on its outer side to form one of the

common seminal or ejaculatory ducts (fig. 590, 14).

The vas deferens measm-es nearly two feet in length. In the greater

part of its extent it is cylindrical or slightly compressed, and has an
average diameter of about one-tenth of an inch ; but towards its termina-

tion, beneath the bladder, it becomes enlarged and sacculated, forming
the ampulla of Henle, and resembling in shape and structm'e a part of

the seminal vesicle. Previously to its junction with the duct of that

vesicle, it again becomes narrowed into a smaller and straight cylindrical

canal. The walls of the vas deferens are very dense and strong, and feel

hard to the touch, owing to the large proportion their thickness bears to

the inner cavity of the tube, which is scarcely more than one-sixth of
the whole diameter. In the sacculated portion the passage is much
wider, and the walls are thinner in proportion. Small simple and
branched tubular glands, similar to those of the vesiculse seminales, beset

the mucous membrane of this portion of the duct (Henle).
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Fig. 599.

Besides an external areolar investment, and an internal mucous mem-
brane, the vas deferens is provided with an intermediate thick muscular

tunic, of a deep yellowish colour. This coat consists of two layers of

plain fibres, an outer of longitudinal and an inner of circular fibres (fig.

599, d, e). In addition, near the commencement of the tube is an in-

ternal longitudinal stratum, extremely thin, and constituting not more
than ith of the muscular coat (fig. 599, c).

The lining membrane exhibits on its surface three or four longitudinal

ridges, and, besides this, in the sacculated portion of the duct, is marked
by numerous finer rug£e which enclose irregular polyhedral spaces, re-

sembling in this alveolar character the lining membrane of the seminal

vesicles. The epithelium is of the columnar kind, and not ciliated.

As in the epididymis there is a deeper layer of small ceUs between the

columnar cells.

Fig. 599.

—

Section across the com-
mencement OF THE VAS UEFEKENS
(Klein).

a, epithelium ; h, mucous mem-
brane ; c, d, e, inner, middle and
outer layers of the muscular coat

;

/, bundles of the internal cremaster

muscles
; g, section of a blood-vessel.

Vas aberrans.—This name was
applied by Haller to a long narrow
tube, or diverticulum (fig. .598, /),

discovered by him, and almost in-

variably met with, which leads off

from the lower part of tlie canal

of the epididymis, or from the com-
mencement of tbe vas deferens,

and, becoming tortuous and con-

voluted, is roUed up into an elon-

gated mass which, extends upwards
for an inch or more amongst the

vessels of the spermatic cord, where
the tube ends by a closed extre-

mity. Its length, when it is un-

ravelled, ranges from about two
to twelve or fourteen inches ; and
its width increases towards its

blind extremity. Sometimes this

diverticulum is branched, and
occasionally there are two or more

such aberrant ducts. Its structure appears to be similar to that of the vas

deferens. Its origin is probably connected with the WoMan duct of the foetus,

but the exact mode of its formation and its office are unknown. Luschka states

that occasionally it does not communicate with the canal of the epididymis, but

appears to be a simple serous cyst.

Roth has described other small blind vasa aberrantia lying along the epididymis

and connected with the rete testis.

Organ of Giraldfes.—The small body thus named is situated in the front of

the cord immediately above the caput epididymis (see fig. 591, g). It^ consists

usually of several small irregular masses containing convoluted tubules lined with

columnar ciliated epithelium, and is scarcely to be recognised until the surround-

ing connective tissue has been rendered transparent by re-agents. It has also

received the name of 2)arc2}'ididyniis. Its tubules appear to be vestiges of part of

the Wolffian body.
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The seminal vesicles are two membranous receptacles, situated, one
on each side, upon the base of the bladder, between it and the rectum.

When distended, they form two long sacculated bodies, somewhat
flattened on the side next the bladder, to which they are firmly

attached, and convex on their inferior surface ; they are widened
behind and narrow in front (fig. GOO, s). Their length is usually

about two inches, and the greatest breadth about half an inch ; but
they vary both in size and shape in different individuals, and also on the

two sides.

Their posterior obtuse extremities are separated widely from each

Fig. 600,

Bmmi
Fig. 600.

—

^Base op the maie
BLADDER WITH THE TESICUL^
SEMINAIES, VASA DEFERENTIA,
AND PROSTATE EXFOSED (from

Haller). J

a, line of reflexion of the peri-

tonenm in the recto - vesical

pouch ; h, the part above this

from which the peritoneum has

been removed, exposing the longi-

tudinal musciJar fibres ; ?', left

vas deferens ending in e, the left

ejaculatory duct ; s, left vesicula

seminalis joining the same duct

;

the right vas deferens, and the

right vesicula seminalis, marked
s, s, and Tinravelled, are also

shown
; p, under side of the pros-

tate gland, cut so as to exhibit the

ejaculatory ducts ; m, small part

of the membranous portion of the

urethra ; u, u, the ureters, of

which the right is turned to the

side.

other, but anteriorly they converge so as to approach the two vasa

deferentia, which run forwards to the prostate between them. With
the vasa deferentia thus interposed, they occupy the two diverging sides

of the triangular portion of the base of the bladder, which lies upon the

rectum, and is bounded behind by the line of reflexion of the recto-

vesical fold of the peritoneum. The seminal vesicles themselves also

rest upon the rectum, but are separated fi-om it by a layer of the recto-

vesical fascia, which attaches them to the base of the bladder.

The sacculated appearance of the seminal vesicles is owing to their

peculiar formation. Each consists of a tube somewhat coiled and
repeatedly doubled on itself, and invested by dense fibrous tissue.

When unrolled, this tube is found to be fi'om four to six inches long,

and about the width of a quill. Its posterior extremity is closed, so that

it forms a long cul-de-sac ; but there are generally, if not always, several

longer or shorter branches or diverticula connected with it, which also

end by closed extremities (fig. 600, s, s). Anteriorly the seminal vesicle

becomes straight and narrowed, and ends opposite the base of the

prostate by uniting on its inner side, at an acute angle, with the narrow
termination of the corresponding vas deferens to term a single canal,

which is the conunon seminal or ejaculatory duct.
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In structure, the seminal vesicles resemble very closely the adjoining

sacculated portions of the vasa deferentia. Besides an external invest-

ment, connected with the recto-vesical fascia, and containing vessels of

considerable size, lymphatics, and gangliated nervous cords, they have a
muscular coat and a mucous membrane. The muscular layers are thin

compared with those of the vas deferens, and consist of three layers, an
inner and outer longitudinal, and a middle layer of circular fibres. A con-

siderable amount of plain muscular tissue is found covering the posterior

surface and extending transversely between the two vesicles. There are

also longitudinal fibres traceable over the vesicles from those of the

bladder (Ellis, Henle). The mucous membrane is traversed by very

many fine rug^e, which form an alveolar structure resembling that seen

in the gall-bladder, but deeper and enclosing much finer meshes. The
epithelium of the vesicles is columnar with a deep layer of small poly-

hedral cells.

The seminal vesicles serve as receptacles or reservoirs for the semen, as is

proved by a microscopic examination of their contents ; but, besides this, it is

IKobable that they secrete a peculiar fluid which is incorporated with the semen.

The common seminal or ejaculatory ducts, two in number, are

formed on each side by the junction of the narrowed extremities of the

corresponding vas deferens and vesicula seminalis, close to the base of

the prostate gland. From this point they run forwards and upwards,

at the same time approaching each other, and then pass side by side

through the prostate between its middle and two lateral lobes. After a

course of nearly an inch, during which they become gradually narrower,

they end in the floor of the prostatic portion of the m^ethra by two
small slit-like orifices placed on the verumontanum, one on each

prominent margin of the opening of the prostatic sinus (fig. 689, d).

Eor a short distance the ejaculatory ducts run in the substance of the

walls of the vesicle.

The coats of the common seminal duct, as compared with those of the

vas deferens and vesicula, are very thin. The muscular coat consists of

an outer thin circular and an inner longitudinal layer. The strong

areolar tunic almost entirely disappears after the entrance of the ducts

between the lobes of the prostate, but muscular fibres may be traced into

the prostatic portion. The mucous membrane becomes gradually

smoother as it passes into that of the urethra. Its epithelium is like that

in the seminal vesicles and vas deferens. According to Henle, the

muscular fibres of the duct are separated by blood-vessels as it

passes through the prostate and form the trabeculaa of a layer of

cavernous tissue.

These ejaculatory ducts convey the fluid contained in the seminal

vesicles and vasa deferentia into the urethra. Their canal gradually

narrows as they approach their termination, where its diameter is reduced

to the -g3^th of an inch.

Vessels and Nerves of the Testis.—The testicle and its excretory apparatus

receive blood-vessels and nerves from sources which are different from those

giving the vascular and nervous supply to the coverings of those parts.

The spermatiG artery, or proper artery of the testicle, is a slender and re-

markably long branch, which arises from the abdominal aorta, and passing down
the jjosterior abdominal wall reaches the spermatic cord, and descends along it

to the gland. In early foetal life its course is much shorter, as the testis is then
situated near the part of the aorta from which the artery arises. As the vessel
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approaches the testicle, it gives off small branches to the epididymis, and then
divides into others which perforate the tunica albnginea at the back of the

gland, and pass through the corpus Highmori ; some spread out on the internal

surface of the tunica albuginea, whilst others run between the lobes of the

testis, supported by the fibrous processes of the mediastinum. The smallest

branches ramify on the delicate membranous septa between the lobes, before

supplying the seminiferous tubes.

The vas deferens receives from one of the vesical arteries a long slender

branch which accompanies the duct, and hence is named the deferent artery, or

artery of tlie vas deferens. It ramifies on the coats of the duct, and reaches as

far as the testis, where it anastomoses with the spermatic artery (fig. 598, 2A-
The sijermatlc veins commence in the testis and epididymis, pass out at their

posterior border, and unite into larger vessels, which freely communicate with
each other as they ascend along the cord, and form the jiamir'vmform lilexus.

Ultimately two or three veins follow the course of the spermatic artery into the

abdomen, where they unite into a single trunk, that of the right side opening
into the vena cava, and that of the left into the left renal vein.

The lympliatics accompany the spermatic vessels and terminate in the lumbar
lymphatic glands, which encircle the large blood-vessels in front of the verte-

bral column. As previously stated, they begin from intercommunicating lymph
spaces which occupy the intervals between the tubuli seminiferi.

The nerves are derived from the sympathetic system. The spermatle ^^/fa^Jf,?

is a very delicate set of nervous filaments, which descend upon the spermatic

artery from the aortic plexus. Some additional iilaments, which are very minute,

come from the hypogastric plexus, and accompany the artery of the vas deferens.

The vesiculse seminales receive branches from the 'inferior vesical and vriddle

iK^morrlioidal arteries and veins. The nerves belong to the sympathetic system,

and come from the hypogastric plexus.

The semen.—The semen is a thick whitish fluid, the combined pro-

duct of the testes and the accessory generative glands.

It contains floating in it, besides squamous and cohimnar epithe-

Hum-cells, a certain number of small highly refracting globules (seminal

granules, Wagner), and the spermatozoa or spermatic filaments.

The seminal granules are colourless particles having an average diame-

ter of about ioVo^h of an inch. They stain deeply with most dyes, and
are perhaps derived from the nuclei of the disentegrated nutritive cells

of the seminiferous tubules.

Fig. 601.
Fig. 601.

—

Hdman sperjiatozoa (Retzius).

1, in profile, the tail not represented ; 2, viewed on the flat

;

1), head ; c, middle-piece ; d, tail ; e, end-piece of the tail.

The spermatozoa are peculiar microscopic bodies which
constitute the essential element for fecundation of the

ovum. Each consists of a flattened oval part or so-called

head, and a long slender filiform tail (fig. 601). At the

junction of the head with the tail there may frequently be

made out an intermediate portion, uniting the two. This

is known as the middle-f)iece (Schweigger-Seidel). The
head is about -g^ooth of an inch long and ^ q p o

o

^^ broad,

and is thicker in its attached than in its free half, so that

in profile it appears pointed (fig. 601, 1). There is a

slight depression on each surface. The tail is from ^-^ih.

to 4^th of an inch in length.

It was long since shown by Leydig that in the spermatozoon of the salamander
there occurs, attached to the tail, a delicate undulating membrane. A similar
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membrane has been described by H. Gibbes in other vertebrates, including-

mammals, and he and Jensen also describe a long fine filament as bounding the

membrane along its unattached border. This filament, which is attached to the

head at one end, is considerably longer than the tail itself, so that it as well

as the free edge of the membrane is thrown into undulating coils (see fig. 602).

Eetzius, who has still more recently investigated the subject, describes the

taU as becoming abruptly naiTOwed near its extremity, which thus forms a

distinct terminal portion (fig. 601, f); but he fails to detect the lateral mem-
brane and filament in mammals.
Development of the spermatozoa.—The spermatozoa are developed within the

seminiferous tubules from the daughter-cells of the spermatoblasts. The cell and
its nucleus elongate and the latter passes towards the outer extremity, which
becomes pointed. The protoplasm of the cell at first forms a clavate projection

Vk. 602.

Fig. 602.

—

Human spekmatozoa (H. Gibbes). Highly magnified. Somewhat

DIAGRAMMATIC.

towards the lumen (fig. 594, a). Between the nucleus and the more granular proto-

plasm is seen an intermediate portion of the cell composed of clear substance

and partly embracing the pole of the nucleus (fig. .595, &). This appears to fornr

eventually the middle piece of the spermatozoon whilst the nucleus of the cell

(or at least the chromatic substance of the nucleus) becomes transformed into

the head, and the granular clavate projection grows out into the tail. At early

stages the head may appear covered by a transparent envelope, probably derived

from the protoplasm of the cell (head-cap of Schweigger-Seidel). The develop-

ment of the membrane and filament of Gibbes has not as yet been traced out, but
fine filaments may often be seen coiled up within the daughter-cells which are

undergoing transformation into spermatozoa, and it is not unlikely that these

may be the filaments described by Gibbes, although they have usually been
regarded as the developing tails of the spermatozoa (KoUiier). The membrane
is probably a thinned out portion of the protoplasm of the cell.

Motion of the spermatozoa.—The spermatozoa, after their discharge or

removal from the vas deferens or vesiculte seminales, are found to exhibit active

lashing movements of the tail with an undulating motion of the attached mem-
brane and filament, lasting under favom-able conditions for many hours. This

action has the effect of causing them to progress in a somewhat spiral course

through the fluid in which they float, and by it they are no doubt propelled

upwards in the female generative passages and thus assisted to reach the ovum.
The conditions under which the action of the spermatozoa is maintained and
influenced are in almost all respects the same as those influencing the action

of ciha (see pp. 51 to 54).
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EEPEODUOTIYE ORGANS IN THE FEMALE.

The reproductive organs in the female consist of the ovaries, uterus,

and Fallopian tubes, which are named the internal, and the vagina,

clitoris, nymphas, labia, and other parts included in the vulva, named
the external organs of generation.

THE VULVA,

The vulva, or pudendtim, is a general term, -which includes all the

parts perceptible externally, viz., the mons Veneris, the labia, the hymen
or carunculse, the clitoris, and the nymphs. The urethra also may be

described in connection with these parts.

lutegiiments and Labia.—The integument on the fore part of the

pubic symphysis, elevated by a quantity of areolar and adipose tissue, and
covered with hair, is termed the mons Veneris. Two rounded folds of

integument Qabia externa v. majora, fig. 603, 20) extend downwards and
backwards from below the mons, gradually becoming thinner ; they leave

an ehiptic interval (rima) between them, the outer surface of each being

continuous with the skin, and covered with scattered hairs, whilst the

inner is lined by the commencement of the genito-urinary mucous mem-
brane. Within the substance of the fold there is found, besides fat,

vessels, nerves, and glands, a tissue resembling tha,t of the dartos in the

scrotum of the male, to which the labia in the main correspond. The
labia majora unite beneath the mons and also in front of the perineum,

the two points of union being called the anterior and posterior commis-
sures. The posterior or inferior commissm-e is about an inch distant

from the margin of the anus, this interval being the perineum of the

female. Immediately within the posterior commissure, the labia are con-

nected by a slight transverse fold {frmnulum jpudendi), which is fre-

quently torn in the first parturition. The space between it and the

commissure has been called/ossa navicularis.

Clitoris.—Beneath the anterior commissure, and concealed between
the labia, is the clitoris (fig. 603, 19), a small elongated body correspond-

ing in conformation and structure to a diminutive penis, but differing

in having no corpus spongiosum, nor urethra connected with it below.
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It consists of two coiyora cavernosa, which are attached by crura to the
rami of the ischium and pubis, and are united together by their flattened

inner surfaces so as to forin an incomplete pectiniform septum. The
body of the chtoris, which is about an inch and a half long, but is hidden
beneath the mucous membrane, is surmounted by a small glcms, con-

sisLiug of spongy erectile tissue. The glans is imperforate, highly

sensitive, and surrounded superiorly by a membranous fold, analogous

Pig, 603.

—

View op the female organs of aENERATiON from behind, the vagina being
CUT OPEN AND ITS WALLS TURNED ASIDE (Sappej). J

1, Ovaries ; 2, Fallopian tubes ; 3, 4, 5, their fimbriated extremities (4 points to the

ostium abdorainale) ; 6, ovarian fimbria ; 7, ligament of the ovary ; 8, 9, broad ligaments

;

10, uterus; 11, its vaginal portion ; 12, os uteri; 13, lateral and posterior walls of vagina

reflected ; 14, its anterior wall ; 15, edge of hymen ; 16, orifice of urethra ; 17, vestibule;

18, nymphte ; 19, clitoris ; 20, labia majora.

to the prepuce. There is a small suspensoiy ligament attached to the

upper border, like that of the penis, and in front of this the clitoris is

dependent. The two ischio-cavernous muscles, named in the female

erectores clitoridis, have the same connections as in the male, being

inserted into the crura of the corpora cavernosa.

Nymphse.—From the glans and preputial covering of the clitoris
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two narrow pendulous folds of mucous membrane pass backwards for

about an inch and a half, one on each side of the entrance to the vagina.

These are the nymphce {labia interna v. minora, fig. 603, 18). Their
inner surface is continuous with that of the vagina ; the external insensibly

passes into the labia majora. They contain vessels between the laminse

I of tegumentary membrane, but, according to Kobelt, no erectile plexus
;

for the erectile structure corresponding to the bulb and spongy body
lies deeper, in two separate right and left halves, as will be presently

explained.

Fig. 604.

—

Lateral view of the erectile
STRUCTURES OF THE EXTEI!>«-AL ORGANS IN

THE FEMALE (from Kobelt), f

The blood-vessels have been injected,

and the skin and mucous membrane have
been removed ; a, bulbus vestibuli ; c,

plexus of veins named pars intermedia; e,

glans clitoridis
; /, body of the clitoris ; li,

dorsal vein ; I, right crus clitoridis ; m,
vestibule ; n, right gland of Bartholin.

Vestibule.—Between the nymphfe
is the angular interval called the vesti-

bule (fig. 603, 17), in which is situated

the chcular orifice of the urethra, or

ineatus urinarius (16), about an inch

below the clitoris and just above the

entrance to the vagina. The mem-
brane which surrounds this orifice is

rather prominent in most instances

so as readily to indicate its situation.

Immediately below the orifice of the urethra is the entrance to the
vagina, which, in the virgin, is usually more or less narrowed by the
lujmen (15). This is a thin duplicature of the mucous membrane, placed
at the entrance to the vagina ; its form varies very considerably in
different persons, but is most frequently semilunar, the concave margin
being directed forwards towards the pubis. Sometimes it is circular,

and is perforated only by a small round orifice, placed usually a little

above the centre ; occasionally it is cribriform, or pierced with several
small apertures ; and it may in rare instances completely close the vagina,
constituting "imperforate hymen." On the other hand, it is often
reduced to a mere fringe, or it may be entirely absent. After its

ruptui-e, some small rounded elevations remain, called carunculce mijrti-

/ormes.

The mucous membrane may be traced inwards from the borders of
the labia majora, where it is continuous with the skin : it forms a fold
over the vascular tissue of the nymphce, and is then prolonged into the
urethra and vagina. It is smooth, reddish in colour, is covered by a
scaly epithelium, and is provided with a considerable number of mucous
crypts or follicles, and with glands which secrete an unctuous and
odorous substance. The mucous crypts and follicles are especially dis-

tinct on the inner surface of the nymphse, and near the orifice of the
urethra. The sebaceous glands are found beneath the prepuce, and
upon the labia majora and outer surface of the nymphfe.
The glands of Bartholin (or of Duverney) (fig. 604, n), correspond-
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ing to Cowper's glands in the male, are two reddish yellow, round or oval

bodies, measuring about half an inch in the longest diameter, lodged

one on each side of the commencement of the vagina, between it and
the erectores clitoridis muscles, beneath the superficial perineal fascia,

and in front of the transverse muscles. Their ducts, which are long
and single, rim forward and open on the inner aspect of the nymph£e,
outside the hymen or caruncul^ myrtiformes.

Erectile tissue.—All the parts of the vulva are supplied abundantly
with blood-vessels, and in certain situations there are masses composed
of venous plexuses, or erectile tissue, corresponding to those found in

the male. Besides the corpora cavernosa and glans clitoridis, already

referred to, there are two large leech-shaped masses, the hulM vestihuli

(fig. Q)Qb,a), about an inch long, consisting of a network of veins, enclosed

in a fibrous membrane, and lying one on each side of the vestibule, a

Fig. 605.

Fig. 605.

—

Fkont view of the erectile structures of the external organs in
THE FEMALE (from Kobelt). f

a, bnlbus vestibuli ; h, siDhincter vaginEe muscle ; e, e, venous plexus or pars inter-

media
; /, glans clitoridis ; g, connecting veins ; A, dorsal vein of the clitoris ; Tc, veins

passing beneath the pubes ; I, the obturator vein.

little behind the nymph^e. They are rather pointed at their upper
extremities, and rounded below : they are suspended, as it were, to the

crura of the clitoris and the rami of the pubes, covered internally by the

mucous membrane, and embraced on the outer side by the fibres of the

constrictor vaginae muscle. They are together equivalent to the bulb of

the urethra in the male, Avhich, it will be remembered, presents traces of

a median division. In front of the bipartite bulb of the vestibule is a

smaller plexus on each side, the vessels of which are directly contmuous
with those of the bulbus vestibuli behind, and of the glans clitoridis in

front. This is the ])ars intermedia of Kobelt, and is regarded by him
as corresponding with the part of the male corpus spongiosum urethra

which is in front of the bulb : it receives large veins coming direct from
the nymphse.
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Blood-vessels.—The outermost parts of the vulva are supplied by the mper-

ficlal pudic and ijerineal arteries ; tlie deeper parts and all the erectile tissues

receive branches from the internal imdio arteries as in the male. The veins also in

a great measure correspond ; there is a dorsal vein of the clitoris receiving- branches

from the glans and other parts as in the male : the veins of the bulbus vestibuli

pass backwards into the vaginal plexuses, and are connected also with the obtu-

rator veins : above they communicate with the veins of the pars intermedia, those

of the corpora cavernosa and the glans of the clitoris, and also with the vena
dorsalis. The lymphatics accompany the blood-vessels.

Nerves.—Besides sympatlietie tranclies, which descend along the arteries,

especially for the erectile tissues, there are other nerves proceeding from the

lumbar and sacral plexuses ; those from the former being branches of the genito-

cntral, and those from the latter of the inferior pudendal and internal jpudio

nerves, which last sends comparatively large branches to the clitoris. They
terminate in the clitoris in peculiar tactile corpuscles (see p. 164).

THE PEMAIjE URETHBA.

The female urethra is short as compared with that of the male sex.

It is about an inch and a half in length ; its average diameter is about

^ to I of an inch, but it is capable of great distension. Its direction is

mainly downwards with a slight cm'vature forwards. It lies embedded
in the anterior wall of the vagina, from which it can only be separated

by dissection.

The external orifice, or meatus urinarius (fig. 603, 16), opens in the

vulva, nearly an inch below and behind the clitoris, between the nymj)hffi,

and iimnediately above the entrance to the vagina. From its orifice,

which is its narrowest part, the canal passes upAvards and backwards

between the crura of the clitoris and behind the pubis, gTadually enlarg-

ing into a funnel-shaped opening as it approaches and joins the bladder.

There is also a dilatation in the back of the canal, just within the meatus.

The mucous membrane is Avhitish, except near the orifice ; it is raised

into longitudmal folds, which are not entirely obliterated by distension,

especially one which is particularly marked on the lower or posterior

surface of the urethra. Near the bladder the membrane is soft and
pulpy, with many tubular mucous glands. Lower down these increase

in size and lie in groups between the longitudinal folds ; and immediately

within and around the orifice, the lips of which are elevated, are several

larger and wider crypts.

The hning membrane is covered with a stratified scaly epithelium, but

near the bladder it becomes transitional. The submucous areolar tissue

contains numerous elastic fibres. Outside this there is a highly vascular

structure, in which are many large veins. Between the anterior and
posterior layers of the triangular ligament, the female urethra is

embraced by the fibres of the compressor urethras muscle.

The vessels and nerves of the female urethra are very numerous, and
are derived from the same som-ces as those of the vagina.

THE VAGINA.

The vagina is a dilatable membranous passage, extending from the

vulva to the uterus, the neck of which is embraced by it (fig. 603). It

rests below and behind on the rectum, supports the bladder and urethra in

front, and is enclosed between the levatores ani muscles at the sides. It

is slightly curved and is directed upwards and backwards : its axis

corresponding below with that of the outlet of the pelvis, and higher uj)

with that of the pelvic cavity. Its length is greater along the posterior



704 THE FEMALE EEPEODUCTIVE OEGANS.

than along the anterior wall by about an inch and a half. The ends of

the vagina are somewhat narrower than the middle part : the lower end,

which is continuous with the vulva, is the narrowest part, and is

widest from before backwards ; the middle part is widest from side to

side, being flattened from before backwards, so that its anterior and
posterior walls are ordinarily in contact with each other : at its upper
end it is rounded, and expands to receive the vaginal portion of the neck
of the uterus. The vagina reaches higher up on the cervix uteri behind
than in front, so that the uterus appears to be inserted into its anterior

wall.

On the inner surface of the vagina, anteriorly and posteriorly, a

slightly elevated ridge extends from the lower end upwards in the

middle line, forming the columns of the vagina, or columnm rvgariim.

Numerous dentated transverse ridges, called rugce, are also observed,

particularly in persons who have not borne children, running at right

angles from the columns. These columns and rugge are most evident

near the entrance of the vagina and on the anterior surface, and
gradually become less marked, and disappear towards its upper end.

Fig. 606.

—

Sectional view op the viscera op the female pelvis (Allen Thomson,

after Houston and from nature). %
The pelvic viscera having been distended and hardened with alcohol previously to

making the section, are somewhat larger than natural and the vagina appears open, whereas

its anterior and posterior walls should he in contact with one another, p, promontory of

the sacrum ; s, symphysis of the pubis ; v, the upper pai-t of the urinary bladder ;

v', the neck ; v', n, the urethra ; u, the uterus ; v a, the vagina ; r, third part of the

rectum ; r', the fold between the middle and upper parts of the rectum ; a, the anus ;
I,

the right labium ; n, the right nympha ; li, the hymen ; cl, the divided clitoris with

the prepuce.
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Structure and connections.—The walls of the vagina are thickest

in front, in the vicinity of the urethra, which indeed may be said to be
imbedded in the anterior wall of the vaginal passage ; in other situa-

tions they are thinner. The vagina is firmly connected by areolar tissue

to the neck of the bladder, and only loosely to the rectum and levatores

ani muscles ; at the upper end, for about a fom'th part of its length, its

]DOsterior sm-face receives a covering from the peritoneum, which
descends in the form of a cul-de-sac thus far between the vagina and
the rectum.

Externally the vagina presents a coat of dense areolar tissue, and
beneath this its walls are composed of unstriped muscle, which is not

distinctly separable into strata, but is composed chiefly of fibres inter-

nally circular and externally longitudinal. Eound the tube a layer of

loose erectile tissue is found, which is most marked towards the vulva.

At its lower end, the vagina is embraced by striated muscular fibres,

which constitute the sphincter vagince, already described.

The mucous membrane, besides the columns and rugse, is provided

with papiUge, and with numerous mucous glands, especially in its

upper smoother portion and round the cervix uteri. It is lined with a

stratified scaly epithelium.

Vessels and Nerves.—Tiie vagina is largely supplied with vessels and nerves.

The arteries are derived fi-om branches of the internal iliac, viz., the vaginal, in-

ternal pudic, vesical, and iiterine. The veins correspond; but they fii'st surround
the vagina with numerous branches, and form at each side a plexus named the

-vaginMl plexus. The nerves are derived from the hypogastric pilexus of the sym-
]oathetic, and from the fourth sacral and pudic nerves of the spinal system ; the

former are traceable to the erectile tissue.

THE UTERUS.

The uterus or womli, (matrix, iarepov,) is a hollow muscular organ,

with very thick wa.Us, situated in the pelvic cavity between the rectum
and the m'inary bladder. In the case of pregnancy the uterus receives the

ovum, retains and supports it dming the development of the foetus, and
expels it at the time of parturition. The Fallopian tubes, extending from
each upper angle of the uterus to their ovarian opening, conduct the

ovum from the ovary to the uterine cavity. Dm'ing gestation, the uterus

undergoes a great enlargement in size and capacity, as well as important

fitructm'al changes.

In the ftdly developed virgin condition, which is that to which the

following description mainly applies, it is a somewhat pear-shaped body,

flattened from before backwards, free above, and connected below with the

vagina, into which its lower extremity projects (fig. 603). It does not reach

above the brim of the pelvis. Its upper end is directed upwards and
forwards, the lower downwards and backwards ; so that its axis corres-

ponds with that of the inlet of the pelvis, and forms an angle or sudden
cm've with the axis of the vagina, which corresponds more nearly with
that of the outlet of the cavity. The uterus projects upwards into a

fold of the peritonemn, by which the body is covered both before and
behind, and the neck also behind ; but in front the peritoneum does not
descend farther than the body. Its free portion is in contact with the

other pelvic viscera, some convolutions of the small intestine usually

lying upon its upper and posterior surface. Its lower and anterior sur-

face is in contact with the bladder, with the intervention of the peri-
VOL. II. z z
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toueal pouch. From its two sides the peritoneum is reflected in the

form of a duphcature, named the broad hgament.
The average dimensions of the uterus are about three inches in length,

two in breadth at its upper and wider part, and nearly an inch in thick-

ness: its weight is from seven to twelve drachms. It is usually

described as possessing a fundus, body, and neck.

Fig. 607. Fig. 607.

—

Sagittal section through the uterus and
THE UPPER END OF THE VAGINA (Henle).

a, anterior
; p, posterior wall of the vagina.

The fundus is the broad bulging upper end
of the body, and projects upwards from between
the points of attachment of the Fallopian tubes

(fig. G03, 10). The lody gradually narrows
as it extends from the fundus to the neck ;

its sides are nearly straight ; its anterior and
posterior surfaces are both somewhat convex,

but the latter more so than the former. At
the points of union of the sides with the
rounded superior border are two projecting

angles, with which the Falloj)ian tubes are

connected, the round ligaments being attached

a little before, and the ovarian ligaments

behind and beneath them ; these three parts are

all included within the peritoneal duplicature

of the broad ligaments (fig. 603, 8). The body
of the uterus is of a less rigid consistence than
the neck and readily becomes bent somcAvhat

upon it either forwards or backwards, following

to a great extent the condition of distension

of the bladder. When the latter is empty the body of the uterus

may be nearly horizontal. The neclo, or cervix uteri, narrower and
more rounded than the rest of the organ, is nearly an inch in length ;

it is continuous above with the body, and, becoming somewhat

smaller towards its lower extremity projects into the upper end of

the tube of the vagina, which is united all round with the substance of

the uterus, but extends upwards to a greater distance behind than in

front. The projecting portion of the uterus is named the vafjinal part

(fig. 603, 11). The axis of the cervix uteri may be in the same direction

with that of the vagina, in which case the amount of flexion between

the body and neck is greater, or it may be directed forwards and form

an angle with the direction of the vagina. The lower end of the uterus

presents a transverse aperture, by which its ca^dty opens into the vagina

(fig. 603, 12) ; this is named variously os uteri, os uteri externum, and

(from a supposed likeness to the mouth of the tench fish) os tincce.

It is bounded by two thick lips, the posterior of which is the thinner

and longer of the two, while the anterior, although projecting less from

its vaginal attachment, is lower in position, and, when the tube is closed,

comes into contact with the posterior waU of the vagina (fig. 607).

These borders or lips are generally smooth, but, after parturition, they

frequently become irregular, and are sometimes fissured or cleft.

Cavity of the uterus.—The walls of the uterus are ofgreat thickness.



THE UTERUS. ro7

and the cavity is thus proportionately much reduced in size. The part

within the body is triangular (fig. 608), and flattened from before

backwards, so that its anterior and posterior waUs touch each other

(fig. 607). The base of the triangle is directed upwards, and is convex
towards the interior of the uterus. The cavity, narroAving gradually,

is prolonged into its two superior angles, at each of which it leads by a

minute foramen into the narrow canal of the Fallopian tube. At the

junction of the body Avith the neck, the cavity is shghtly constricted,

Fig. 608.

Fig. 608.

—

Diagrammatic view of the utertjs and its appendages, as seen fkom:

BEHIND. (A. T.) I

The uterus and upper part of the vagina have been laid open by removing the ijosterior

wall ; on the left side the Fallopian tube, round ligament, and ovarian ligament have been

cut short, and the broad ligament removed ; u, the fundus of the uterus ; c, the cervix

opposite the os internum ; the triangular shape of the uterine cavity is shown, and
the dilatation of the cervical cavity with the rugae termed arbor vitte ; v, upper part of

the vagina ; ocl, Fallopian tube or oviduct ; I, round ligament ; lo, ligament of the ovary;

o, ovary (here represented with its long axis horizontal although in the natural position

within the body it is oblique or nearly vertical) ; i, wide outer part of the right Fallopian

tube
; fi, its fimbriated extremity

; fo, parovarium ; h, one of the hydatids frequently

found connected with the broad ligament.

and thus forms what is sometimes named the internal orifice (os uteri

internum, isthmus vel ostium uteri) ; this opening is often smaller than
the OS externum, and is of a circular form. That portion of the cavity

which is within the neck is tubular and slightly flattened before and
behind ; it is somewhat dilated in the middle, and opens inferiorly into

the vagina by the os tincse. Its inner surface is marked by two longi-

tudinal ridges or columns, which run, one on the anterior, the other on
the posterior wall, and from both of which rugse are directed obliquely

upwards on each side, so as to present an appearance which has been
named arlor vitce uterinus, or palmcB plicatce (fig. 608) : this structure

is most strongly marked anteriorly.

Structuee.—The walls of the uterus consist of an outer serous

covering, an inner mucous membrane, and thick intermediate muscular
substance. The serous covering or jjeritoneal layer has been already

referred to.

The thick middle part of the wall of the uterus is of firm consistence :

being mainly composed of plain muscular fibres of small size, -^^ inch in

length, in the unimpregnated uterus, but greatly enlarged (to J^th inch)

in the gravid state. These fibres interlace closely with each other,

z z 2
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but are disposed in bundles and layers, and are intermixed with areolar

tissue, a large number of blood-vessels and lym^^hatics, and some nerves.

The areolar tissue is more abundant near the outer surface. The
arrangement of the muscular fibres is best studied in the uterus at the

full period of gestation, in which the bundles become augmented in size.

They may be referred to three sets of which the two more external may
be regarded as corresponding -with the muscular coat of other hollow

viscera, whereas the internal is an immensely hypertr<.:)phied musmlaris
mucoscB, and will accordingly be described with the mucous membrane.
Muscular coat.—The external layer of the muscular coat forms

a thin superficial sheet immediately beneath the peritoneum, and
incomplete strata situated more deeply, A large share of these fibres,

beginning as longitudinal bands at the cervix, arch transversely and
obliquely over the fundus and adjoining part of the body of the organ,

and pass on each side into the broad ligament. Of these some converge

at either side towards the commencement of the round ligaments, along

which they are in part prolonged to the groin ; others pass off to the

Fallopian tubes, and strong transverse bands from the anterior and
posterior surfaces are extended into the ovarian ligaments. Other fibres

run back from the cervix uteri beneath the recto-uterine folds of the

peritoneum. The inner layer of the muscular coat, which is also

thin, is composed of fibres which are found chiefly on the back of

the uterus, and stretch over the fundus and towards the sides, running
somewhat irregularly between the ramifications of the blood-vessels.

The muscular coat proper seldom exceeds \ inch in thickness altogether,

but it is not easy to assign its limits exactly, for there is little or

no submucous areolar tissue forming a distinct coat as in most of the

Fig. 609.

—

Section of the tjterixe jiucous

MEJIBRANE PARALLEL TO THE SURFACE (Henle).

1,2, 3, glands (the epithelium has fallen out

from 2) ; 4, a blood vessel.

hollow viscera. It is chiefly the place of

ramification of the blood-vessels before

they pass into the mucous membrane
that determines the boundary between
the muscular layer of the mucous mem-
brane and the muscular coat proper

(J. Williams).

Mucous membrane.—The mucous
membrane of the uterus is characterized

by the enormous hypertrophy of the

muscular layer proper to it—the mus-
cularis mucosas ; indeed it is this which
forms the greater part of the thickness

of the uterine wall. The presence of

this mass of plain muscular tissue in it confers a distinct character on
the outer part of the membrane, so that in sections it is distinctly diffe-

rentiated from the inner part or corium.

MuscuJaris imicosce.—This consists of bands of fibres which are dis-

posed with comparative regularity in its upper part, being arranged there

in numerous concentric rings round the openings of the two Fallopian
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Pig. 610.

—

Section of the mucous mem-
brane OF THE UTERUS FROM NEAR THE
FUNDUS (adapted by J. C. Ewart from a

figure by J. Williams).

a, epitbelium of ianer sm-face; 1,1),

uterine glands ; c. interglandular connec-

tive tissue ; d. part of tlie miiscularis

mucosae -with the ends of the glands,

some of -whicli, h', are entirely filled by
epithelium cells. This specimen was
prepared from the uterus of a young
woman who was accidentally killed three

or four days before the expected appear-

ance of the menstrual flow.

tubes, the widest circles of the two
series meeting from opposite sides

in the middle of the uterus. In

the lower part of the body, and in

the cervix the internal fibres run
more transversely. They form the

so-called sphincters of the os in-

ternum and OS externum. At the

neck, however, there are also longi-

tudinal fibres within the transverse.

Corimn.—As regards its inner

part or corium the mucous mem-
brane lining the cavity of the body
differs greatly from that of the cer-

vix, a distinct line of demarcation
separating the two parts at the

isthmus.

The mucous memdrane ofthe tody
ofthe uterus is smooth, except during
the menstrual period, and in theun-
impregnated state is entirely devoid
of ridges ; it is of a peculiar soft

spongy consistence, and of a dull,

reddish colour.

Under the microscope it appears

composed in great measure of small

rounded, spindle-shaped, or irregu-

lar cells imbedded in a homogene-
ous ground-substance and with but
few connective tissue fibres (figs.

609, 610). According to Leopold,

however, there are numerous fibres,

and they form a spongework with

lymphatic spaces in the meshes.

The inner surface is everywhere

covered by columnar ciliated epi=-

thehum, and is beset, but some-

what sparingly, by the orifices ofthe

uterine glands (fig. 610, Z>). These
which were discovered by Sharpey,
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are simple tubes bounded by a basement membrane and lined with ciliated

columnar cells like those covering the inner surface. They pass usually

obliquely and often with an irregular or convoluted course into the deeper

part of the mucous membrane, and there terminate by blind, sometimes
forked extremities, which are situated amongst the bundles of the muscu-
laris mucosse. Towards their extremities the uterine glands are entirely

filled by cells (fig. 610, li), but in the greater part of their extent they

present a distinct lumen.

The membrane of the cervix is much firmer and more fibrous than that

of the body. Between the rug£e of the arlor vifm there are numerous
saccular and tubular glands. In the lower part of the cervix the mucous
membrane is beset with vascular papillee, and the epithelium is stratified,

but in the upper half or more the epithelimn is columnar and ciliated

like that of the body. The glands, which are short, with a large lumen,

are everywhere lined with columnar ciliated epithelium, even where the

epithelium of the surface is stratified. Besides the follicular glands there

are also the so-called ovula Nohothi, clear or yellowish vesicles of variable

size, but visible to the naked eye, embedded in the membrane. These
may arise from closed and distended follicles ; but their exact nature is

still doubtful.

During pregnancy the mucous glands of the cervix secrete a consider-

able quantity of tenacious mucus, which effectually closes the passage

downwards from the uterine cavity.

The surface of the os uteri is covered, like the vaginal portion,

with stratified epithelium which conceals the vascular papillae. It is

destitute of glands.

Ligaments of the uterus.—^Where the peritoneum is reflected from
the uterus to the bladder in front, and to the rectum behind, it forms, in

each position, two semilunar folds, named respectively, the vesico-uterine,

and the recto-uterine folds, or sometimes the anterior and the posterior'

ligaments of the uterus.

The hroad ligaments (figs. 603, 608), are formed on each side by a fold

or double layer of the peritoneum, which is directed laterally outwards from
the anterior and posterior surfaces of the uterus, to be connected mth
the sides of the pelvic cavity. Between the two layers of the serous mem-
brane are placed, firstly, the Fallopian tube, which runs along the upper
margin of the broad ligament ; secondly, the round ligament, which is a

little farther down and lies anteriorly ; thirdly, on the posterior surface,

the ovary and its Hgament, which lie in a special extension of the liga-

mentum latum ; and, lastly, throughout the greater part of the broad

ligament, blood-vessels, lymphatics, and nerves, with fibres spreading

from the superficial muscular layer of the uterus. The ligament of the

ovary is merely a dense fibro-areolar cord, containing some uterine mus-
cular fibres, and measuring about an inch and a half in length, which
extends from the inner (or, in the natural position, lower) end of the

ovary to the upper angle of the uterus, which it joins immediately behind

and below the' point of attachment of the Fallopian tube ; it causes an
elevation of the posterior layer of the serous membrane, and, together

with the ovary itself, forms the lower limit of a triangular portion of the

broad ligament, which has been named the ala vespertilionis or bat's wing.

The round ligaments are two flat, cord-like bundles of fibres, about

four or five inches in length, attached to the upper angles of the uterus,

cue on either side, immediately in front of the Fallopian tube. From

\
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this point each ligament proceeds upwards, outwards, and forwards, to

gain the internal inguinal ring, and after having passed, like the sper-

matic cord in the male, through the inguinal canal, reaches the fore part

of the pubic symphisis, where its fibres expand and become united with

the substance of the mons Veneris. Besides areolar tissue and vessels,

the round Kgameuts contain, chiefly in then inner third, plain muscular

fibres, which are prolonged into them fi:om the outer muscular layer of

the uterine wall. Each ligament also receives a covering from the peri-

toneum, which, in the young subject, projects under the form of a tubular

process for some distance into the inguinal canal ; this, which resembles

the processus vaginalis originally existing in the same situation in the

male, is named the canal of Nuck ; it is generally obliterated in the

adult, but is sometimes found even in advanced life.

Vessels.—The arteries of the uterus are four in number, viz., the right and
left ovarian (which correspond to the spermatic of the male) and the uterine.

Their origin, as well as the mode in which they reach the uterus and ovaries, has
been described in the first volume. They are remarkable for their frequent
anastomoses, and also for their singularly tortuous course. After passing a short

distance into the thickness of the uterine wall they divide into branches, which
penetrate the muscular tissue of the mucous membrane, supplying it with
capillaries, and then pass towards the inner portion of the membrane and open
into a network of large capillaries which pervades the tissue in that situation,

and are especially developed near the surface and around the glands. In the cer-

vix however, and especially in the vaginal portion, the arteries, which in this

situation possess walls of considerable thickness, after entering the mucous
membrane, divide into a number of small branches which pass dii'ectly towards
the sui-face and open into the capillary network there present, from which loops

pass into the papillfe. The veins correspond with the arteries ; they are very
large, and form plexuses of sinus-like vessels, with thia walls in immediate con-

tact with the uterine tissue. The lynifliatics commence according to Leopold as

cleft-like spaces in the mucous membrane, but there are also well-marked lym-
phatic vessels extending as a plexus through the whole thickness of the mem-
brane (Hoggan). These open into plexuses of vesssls in the muscularis mucosEe
and muscular coat proper ; and these again are in communication with valved

vessels beneath and in the serous covering.

Nerves.—The nerves are derived from the inferior liTjpogastric plexuses, the

S2)ermatic ])lexuses, and the third &11Afourth sacral nerves. They consist of both
meduUated and non-medullated fibres, and in animals small ganglia have been
observed in the submucous tissue, connected with the non-medullated fibres.

Periodic structural changes in the Uterus.—The changes which accompany
menstruation and gestation may be shortly indicated here.

At each successive reciurrence of menstruation a complete removal of the super-

ficial part of the mucous membrane takes place by a process of softening and
molecular disintegration which commences, along with the menstrual discharge,

close to the cervix, or at the os internum, and advances progressively towards

the fundus during the remaining days of the flow of blood (J. Williams).

Previous to this change, there is a greatly increased general vascularity of the

parts, and the mucous membrane becomes veiy much thicker. The process of dis-

integration reaches as far as the inner fibres of the muscularis mucosse ; and the

hemorrhage is the direct result of the destruction and open condition of the

small vessels.

The process of restoration of the uterine membrane, which begins even before

the cessation of the menstrual flow, proceeds in the same order, from the lower

end upwards to the fundus, and consists in a very rapid proliferation of the cells

and nuclei which occupy the interstices of the inner muscular fibres, and among
which ar^ embedded the deepest parts of the utricular glands. The lining mem-
brane of the cervix does not participate in the changes referred to.
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In gestation more extensive alterations ensue. The weight of the organ
increases from about one ounce to a pound and a half or even three pounds. Its
colour becomes darker, its tissue less dense and its muscular bundles more evident,
A very great increase takes place in the muscular tissue, this increase being
mainly the result of the enlargement of the akeady existing elements, the cells
becoming enlarged to the extent of from seven to eleven times in length, and
from two to five times in breadth (KoUiker). A formation of new cells is also
said to occur mainly in the innermost layers, and to continue until the sixth
month of pregnancy, when it ceases. The round ligaments become enlarged, and
their muscular structure more marked ; the broad ligaments are encroached upon
by the intrusion of the growing uterus between their layers. The mucous mem-
brane and the glands of the body of the iiterus undergo an enlargement very
similar to that which precedes menstruation, and they subsequently become the

Fig. 611.

Fig. 611.

—

Outlines of moulds of the uterine cavity in different states (after

F. Gruyon). Natural size.

A, in a virgin of 17 years of age ; B, in a woman of 42 years who had not borne

children ; C, in a woman of 35 years who had borne children ; b, cavity of the body ; c,

that of the cervix ; i, the isthmus or os internum ; o, os externum ; t, passage of the

upper angle into the Fallopian tube.

seat of peculiar changes, to be more particularly stated under Development
whilst the membrane of the cervix loses its columns and rugas. The blood-vessels

and lymphatics are greatly enlarged, and it is observed that the arteries become
exceedingly tortuous as they ramify upon the organ. The ner\''es also undergo

considerable increase in size.

After partm'ition, the uterus gradually but rapidly diminishes till it regains the

size and structure of the unimpregnated condition. During this change the

enlarged muscular fibres undergo fatty degeneration and are said to become
subsequently absorbed, while a new set of fibre-cells is developed. After the

first pregnancy, however, the organ never regains its original virgin character.

In those who have had children its weight usually remains from two to three

ounces ; its cavity is larger (fig. 611 , C) ; the os externum is wider and more rounded,

and its margins often puckered or fissured ; the arteries continue much more tor-

tuous, and its muscular fibres and layers remain more defined than in the virgin.
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Changes from Age.

—

In the infant, the neck of the uterus is larger than the

body ; the fundus is not distinguished either by breadth or convexity of outline,

and the cavity is remarkably narrow, and tapers out from the middle on both
sides so as to present an approach to the two-homed form prevalent in animals.

These parts afterwards enlarge gradually, until, at puberty, the pyriform figure of
the womb is fully established (fig. 611, A.) The arbor vitse is very distinct, and
indeed at first reaches upward to the highest part of the cavity. The shape of the
cavity of the body varies also in after life ; but it remains comparatively narrow
up to the age of puberty, and retains the same form to a great degree in all

women who have borne no children (B). It is chiefly, therefore, in those who
have been pregnant that its form is widely triangular (0).

From the gradual effects of more advanced age alone, independent of impreg-
nation, the uterus shrinks, and becomes paler in colour, and harder in texture

;

its triangular form is lost ; the body and neck become less distinguishable from
each other ; the orifices also become less characteristic.

Malformations.—The uterus is subject to numerous congenital malformations,

especially in connection with abnormal conditions of the other genital organs.

These will be referred to under Development. As a malformation aifecting the
uterus itself may here be mentioned the more or less double or divided state of
the cavity, produced by the prolongation of a septum downwards into it from
the fundus. This is sometimes only partial and confined to the upper part of the
cavity ; while in other instances it involves the whole cavity or also that of the
cervix ; and even extends through a part or the whole of the vagina.

THE FALLOPIAN TUBES.

These tubes may be considered as ducts of the ovaries (oviducts) and
serve to convey the ovum from thence into the uterus. They are

inclosed, as ah-eady stated, in the free margin of the broad hgaments,
and are between three and four inches in length. Their inner or

attached extremities, which proceed from the upper angles of the uterus,

are narrow and cord-lihe (fig. 608, od) : but they soon begin to enlarge,

and proceeding outwards, one on each side, pursue an undulatory

course, and at length, having attained the width of about a sixth of an
inch or more (*), they bend backwards, inwards, and downwards towardg

the ovary. About an inch beyond this they terminate in an expanded ex-

tremity, the margin of which is divided deeply into a number of irregular

processes named fimlricB (fi) ; one of these, somewhat longer than the

rest, is attached to the upper end of the corresponding ovary (fig. 603)„

The wide and fringed end of the FaUopian tube, or trumpet, as the term
" tuba " literally signifies, is turned towards the ovary, and is named the

fimbriated extremity (morsus diaboli). In the midst of these firabrige,

which are arranged in a radiated manner, the tube itself opens by a
round constricted orifice (fig. 603, 4), ostium abdominale, placed at the

bottom of a sort of fissure leading from that fringe which is attached to

the ovary. It is by this orifice that an ovum is received at the time of

its liberation from the ovary, and is thence conveyed along the tube,

which narrows very much towards its uterine extremity, and opens into

the womb by a minute orifice, admitting only a fine bristle, and named
ostium uterinum. The canal becomes gradually larger towards its ab-

dominal orifice, where it is again somewhat contracted : hence the term
isthmus, given by Henle to the uterine half, and am/pulla to the outer

half of the Fallopian tube. A second smaller fimbriated opening not
unfrequently occurs at a short distance from the main one.

Beneath the external or peritoneal coat the walls of the tube contain,

besides areolar tissue, plain muscular fibres, arranged in an external
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longitudinal and an internal circular layer. The mucous membrane
lining the tubes is thrown into longitudinal plicse, which are broad
and numerous in the wider part of the tube, and in the narrower part

are broken up into very numerous arborescent processes : it is con-

tinuous, on the one hand, with the lining membrane of the uterus,

and at the other end of the tube with the peritoneum
;

presenting

an example of the direct continuity of a mucous and serous membrane,
and making the peritoneal cavity in the female an exception to the

ordinary rule of serous cavities, i.e., of being perfectly closed to the

exterior. The epithelium in the interior of the Fallopian tube is, like

that of the uterus, columnar and ciliated ; the inner surface of the

fimbrise is also provided with cilia, on their outer or serous surface it

passes into the pavement epithelium of the peritoneal membrane. It

does not appear that there are glands, as was at one time supposed, in

the mucous membrane lining the Fallopian tubes.

Eecent Literature.—On tlie structure of the uterus :

—

Lindgren, in Nord. Med.
Ark., 1867 ; Helie, Rech. sur la dispos. des fibres muse. &c., 1869 ; ChrobaJc, Article in

Strieker's Handbook, 1871; Lott, Anat. u. Pliys. d. cervix uteri, Erlangen, 1872; Kreitzer,

in Landzert's Beitr., St. Petersb., 1872 (musculature); Snoio Beck, in Obst. Trans.

Sni. ; ScJiiff, in Wien. med. Jahrb., 1872 (round ligament) ; /. Williams, in Obst. Journ.,

1873—1875, and Proc. R. S., 1874 ; Kundratu. G. J. Engelviann, in Wien. med. Jahrb.,

1873; Hagemann, in Arch. f. Gynak. V. ; Leopold, in Arch. f. Gynak. VI., 1874,
(lymphatics), and XI. and XII. (str. of muc. membr.) ; Elischer, in Arch. f. Gynak. IX.
(muscular tissue and nerves) ; G. Hoffmann, in Arch. f. Anat., 1876 (musculature)

;

IVyder, in Arch. f. Gynak. XIII., 1878; Ellenberger, in Arch. f. Thierheilk. V., 1879;
Miersejeivski, in Journ. de I'anat., 1879 (lymphatics); Bandl, in Arch. f. Gyn. XV.
{cervix uteri) ; Klotz, Gynak. Studien, &c., Wien, 1879 (cervix uteri) ; Patenko, in Cen-

tralbl. f. Gyn., 1880 (nerves) ; Veit, in Zeitschr. f. Geburtsh. V., 1880 (portio vagin. )

;

G. and F. E. Iloggan, in Journ. of Anat., 1881 (lymphatics).

On the position and form of the uterus:

—

Guyon, Cavit^ de 1'Uterus, &c., Journ. de

la Physiol. II. ; /. Williams, The Physiological Changes in the Position of the Uterus,

1873 ; Braxton Hicks, in Brit. Med. Journ. 1876 ; B. S. Schidtze, in Arch. f. Gyr. IX.

1876, and Centralbl. f. Gyn. 1878 ; Frankenhauser, in Correspond. -bl. f. Schweitzer-

arzte VI. 1876 ; Furst, in Tagebl. d. 49. Versamml. Deutsch. Arzte, 1876 ; E. Martin,

in Z. f. GeburtshiiU'e I. 1876 ; Schroder, in A. f. Gyn. IX. 1876 ; H. Beigel, Pathol.

Anat. d. Steril., Braunsw., 1878 ; Hack, Diss., Dorpat, 1877 ; Langerhans, in A. f.

Gyn. XIII. 1878 ; His, Ue. Prep. z. Situs Viscerum in A. f. Anat. 1878, and Wa7'ker,

in Amer. Journ. of Obstet., 1878 (contains very complete literature) ; D. B. Hart,

in Edinb. Med. Journ. XXIV. 1879 ; Kilstner, in A. f. Gyn. XV. ; Cowan, in Amer.
Pract., 1879 ; Kocks, Lage d. Uterus, Bonn, 1880.

On the Fallopian tubes -.—Hennig, in A. d, Heilk. XVIII. 1877, and Arch. f. Gytt.

XIII. 1879.

THE OVARIES.
The ovaries are two somewhat flattened oval bodies, which are placed

one on each side of the pelvis, enveloped in the posterior layer of the

broad ligament of the uterus. The weight of each is from sixty to a

hundred grains, and they usually measure about one inch and a half in

length, three quarters of an inch in width, and nearly half an inch in

thickness, but their size is variable. Each ovary is free on its two sides,

also along ouq border, which has a convex outline ; but it is attached

to the broad ligament by the opposite border, which is straighter than

the other, and along the line of its attachment the vessels and nerves

enter (Mlus). Its lower end is generally narrower than the upper, and
is attached to the uterus by the ligament of the ovary. To its upper

extremity is attached the O'S'arian fimbria of the Fallopian tube.

The exact position of the ovary is by no means uniform in different individuals,

and opinions are much divided as to the condition which is to be regarded as
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normal. According to KoUiker, tlie ovaiy is most frequently placed obliquely,

havin"" its long axis parallel to the external iliac vessels, its surfaces directed

inwards and outwards, and its free border upwards and forwards. His, on the

Fig. 612.

—

Section op the
OVAKT OP THE CAT (frOm

Schron). f

Fig. 612.

1, outer covering and free

border of the ovary ;
1',

attached border ; 2, the

central ovarian stroma, pre-

senting a fibrous and vascu-

lar structure ; 3, peripheral

stroma ; 4, blood-vessels ; 5,

Graafian follicles in their

(earliest stages lying near the

surface ; 6, 7, 8, more
advanced follicles which

are imbedded more deeply

in the stroma ; 9, an almost

mature foUicle containing

the ovum in its deepest

part ; 9', a follicle fi'om

which the ovum has accidentally escaped ; 10, corpus luteum,

other hand, states that the ovary is naturally vertical, with its free border turned
backwards. It frequently happens that the uterus is inclined somewhat to one
side, and then the lower end of the opposite ovary is dra-mi inwards to a csr-

responding degree, so that the organ assumes a more transverse position

Fig 613.

Fig. 613.

—

Portion op the section op the prepared oat's ovary, represented in
THE PRECEDING PiaURE, MORE HIGHLY MAGNIFIED (from Schron).

1, epithehum and outer covering of the ovary ; 2, fibrous stroma ; 3, 3', less fibrous,

more superficial stroma ; 4, blood-vessels ; 5, small Graafian follicles near the surface
;

G, one or two more deeply placed ; 7, one farther developed, enclosed by a prolongation

of the fibrous stroma ; 8, a follicle farther advanced ; 8', another which is irregularly

compressed ; 9, part of the largest follicle ; a, tunica granulosa ; i, discus proligerus

;

c, ovum
J d, germinal vesicle ; e, germinal spot.
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Structtire of tlie ovary.—The ovary consists of stroma, composed
of connective tissue Avith blood-vessels, nerves, and plain muscular
fibres, and it has an outer epithehal covering, in which are embedded
Graafian follicles containing ova.

Epithelium and stroma.—The external surface of the ovary is of a

whitish colour, and in early life is comparatively smooth and even ; but
in later life it becomes more uneven and is marked by pits and scars.

It is covered by an epithelium which differs from that of the peritoneum
in being composed of pyriform or columnar cells : and the surface has a
dull appearance as compared with the shining smoothness of the serous

membrane. A distinct line of demarcation exists around the attachment
of the ovary, where the two kinds of epithelium pass into each other.

This ovarian epithelium is the remains of the germ-e])itJielium fi-om

which the ova, and probably the other cells within the Graafian fol-

licles have been developed in the embryo. Here and there are occasion-

ally to be seen amongst the ordinary epithelium-cells, others Avhich are

much enlarged and of a spherical form. These are primitive ova, similar

to those from which the permanent ova are formed in the foetus and
young subject, and it is probable that even in the adult the formation

of ova fi-om cells of the germ-epithelium may proceed to some extent.

Within the epithelium a firm layer of fibrous tissue encloses all the

deeper parts. This has been compared to the dense fibrous covering of
the testicle, and thence named tunica albuginea ovarii, but without

sufl5.cient reason, for it is not a distinct tunic, and is in fact no more
than a condensed part of the ovarian stroma.

The stroma is chiefly composed of a fine connective tissue, in which
the cells, many of which are spindle-shaped, are remarkably abundant and
distinct. Besides the spindle-shaped cells, others are met with which
closely resemble the interstitial cells of the intertubular substance of the

testis. Like these, they have a polyhedral or irregular shape and often

a yellowish colour, and they are chiefly found accompanying the blood-

vessels, although in older ovaries they may be very extensively diffused

throughout the stroma. The stroma also contains elastic tissue, and
'is permeated by blood-vessels, which are large towards the hilus and
in the centre of the ovary where the tissue is more fibrous, and become
gradually smaller towards the surface. Along these blood-vessels

in the deeper part of the ovary bands of muscular fibres run, having
entered from the broad ligament ; but it is uncertain whether they ex-

tend into the more superficial parts of the ovarian stroma. According to

some authorities the spindle-shaped cells which characterize the ovarian,

stroma are also of muscular nature.

There is a general radial disposition of the bands of stroma from the

Mlus towards the surface.

Graafian Follicles.—Immediately under the superficial covering of

the ovary there is a layer of stroma somewhat dififerent from the deeper

parts, and which is so uniformly spread over the organ as to have received

the name of cortical layer. This is particularly obvious in the ovaries of

some animals (fig. 612, 5) and of young children, in whom this layer

is comparatively thick, and to the naked eye its appearance is granular

from the accumulation in it of an immense number of closely set

small vesicles, constituting the early condition of the ovarian or Graafian

follicles with their contained ova. Embedded more deeply in the

substance of the ovary are seen other larger and less numerous follicles
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of varying size, the largest being also the most deeply seated. The very
largest, however, which are approaching maturity, eventua.lly reach the

surface again, owing to their being gradually more and more distended

with fluid, and may there be seen projecting somewhat, in the form of

clear vesicles, from one-twentieth to one-sixth of an inch in diameter.

When these are punctured or ruptured a drop of clear fluid {liquor

folliculi) escapes, carrying with it the minute ovum surrounded by
an accumulation of the epithelium-cells of the follicle, known as the

discus proligcrus. Eupture of a Graafian vesicle, or it may be of

more than one, occurs in healthy females at or before every

Fiff. 614.

Fisr. 614.

—

Section CHILD. Highly magnifiedTHE OVARY OF A NEWLY-BORN
(Waldeyei-).

fl, Ovarian or germinal epitlielium ; h, formation of an ovarian tube ; c, c, primordial

ova lying in the germ-epithelium ; d, d, longer tube becoming constricted so as to form
nests of cells ; e, e, larger nests

; f, distinctlyformed follicle with ovum and epithelium

;

£f, ff,
blood-vessels.

successive menstrual period. After the discharge of its contents, the

empty and collapsed Graafian follicle becomes filled with a peculiarly

xeddish-yellow tissue and constitutes a body termed corpus luteum.

Should pregnancy occur, this body undergoes a considerable develop-

ment, which is maintained during the greater part of the time of utero-

gestation. But in the unimpregnated female the corpus lutemn begins

to retrograde within ten or twelve days after its commencement, and after-

wards shrinks and ultimately disappears. Other follicles, especially before

and after the child-bearing period, may after advancing to a certain stage

of development undergo a retrograde metamorphosis, their contents be-

coming broken up and liquefied and their walls collapsed and converted

into a non-vascular homogeneous membrane. Follicles in this condition

are not at all unfrequent in the deeper j)arts of the ovaiy (fig. G15, k).

In addition to Graafian follicles in various stages of development and
retrogression, there may also occasionally be seen in sections of the adult ovary
and constantly in that of the young subject, cords or tubes composed of rounded
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or polyhedral cells, sometimes with developing ova imbedded amongst the other

cells. These cords may be in continuity with the gemiinal epithelium or they
may be altogether cut off from it. Others occur which are partially constricted

into rounded nests of cells by growth of the stroma across the cords, and similar

nests or groups are found entirely separated, and with or without a developing
ovum in the centre. It is from these nests of cells that the Graafian follicles

become developed, but the mode in which this occurs and also the changes
which the primitive ova undergo in becoming converted into the permanent
ova, will be described in the Chapter on Development.

Structure of the Graafian follicles.—The smallest Graafian

follicles have no proper wall. They consist merely of a single layer of

imbricated flattened cells, immediately investing the contained ovum.
In section, the cells look spindle-shaped in the hnman subject, and not

very unlike the cells of the ovarian stroma, so that they were thought by
Foulis to be derived from those cells ; but the observations of Balfour

and others upon the lower animals tend to confirm the view which was
first stated by Waldeyer that, like the ova themselves, these epi-

thelium-cells of the follicles are originally derived from the germinal

epithelium. These smallest follicles are very numerous, especially in the

young subject ; indeed, it has been computed that in the ovaries of a
female child at birth there cannot be fewer than 70,000 of them. If this

is the case, a large proportion must degenerate and disappear without

coming to maturity. Their size is about xg-oth of an inch.

In follicles which are a little larger, and situated somewhat more deeply

in the stroma, the epithelium-cells, although still in a single layer, are

no longer flattened but cubical ; a memhrana p'opria or basement
membrane can be detected, and the layer of stroma next to the follicle is

beginning to be somewhat differentiated from the rest so as to form a
special fibrous wall to the follicle. In others again a second layer of cells

is beginning to be formed or may be found entirely formed within the

first, and of the two layers thus produced, one immediately invests the

ovum, and the other lines the wall of the follicle. The former is the

beginning of the discus ^^roligerus, and the latter of the memirancc-

granulosa. The cells of both layers soon become columnar.

In most animals the second or inner layer of cells appears to be formed by
division of the cells of the first formed layer, but in the rabbit the appearances
which are observed appear to justify the assumption that the inner layer is formed
at the expense of the peripheral part of the ovum itself (E.A.S.).

. In follicles which are still larger, fluid is seen to be accumulated
between the two layers of cells, and thus to distend the follicle. This
collection of fluid is absent at one part, generally that which is directed

away from the surface of the ovary, so that here the cells which surround

the ovum are in continuity with those which line the follicle, and the

ovLun is thus in a manner attached at this place to the wall of the follicle

(see fig. 613). In the largest follicles the chief difference in the contents

of the follicle consists in the far greater accumulation of the liquor folliculi,

and in the multiplication of the epithelium-cells—both those which line

the follicle (membrana granulosa) and those which invest the ovum (discus

proligerus)—so that each of these parts consists, in large foHicles, of

several layers of cells, mostly rounded or irregular, but columnar next the

wall of the follicle and the exterior of the ovum respectively.

The larger follicles have a very distinct wall, which is continuous with
and derived from the stroma of the ovary, and is separable into two
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parts, an inner containing the ramifications of the capillary blood-vessels,

which are abundantly distributed to the larger foUicles, but nowhere

penetrate amongst the epithelium cells ; and an outer part more fibrous, in

Fig. 615.

Fig. 615.

—

Section; of the ovary of an adult bitch (Walcleyer). \^

a, germ-epithelium ; h, egg-tubes ; c, c, small follicles ; cl, more advanced follicle
;

e, discus proligerus and ovum
; /, second ovum in the same follicle (this occurs but

rarely) ; g, outer tunic of the follicle ; h, inner timic ; i, membrana granulosa ; Tc, collapsed

retrograded follicle ; I, blood-vessels ; m, m, longitudinal and transverse sections of tubes

of the parovarium ; y, involuted portion of the germ-epithelium of the surface ; z, place of

the transition from peritoneal to germinal or ovarian epithelium.

which the larger branches of the blood-vessels of the follicle run. In both
layers of the follicular wall, the cells are similar to those of the general

stroma, interstitial cells occurring abundantly; but it is uncertain whether
there are any cells present of the nature of muscular fibres. The smaller

blood-vessels running round the follicle from below, and minutely sub-

divided on its inner surface, converge towards a point near the middle
of the most projecting part, called the stigma. This marks the spot

where the rupture of the vesicle ultimately occurs, when fully matured.
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Each Graafian follicle usually contains only a single ovum ; but
occasionally, though seldom, two ova, and very rarely three, have been
observed in the same follicle. The structure of the ovum will be
described in the Chapter on Development.

Structure of the corpora lutea.—The corpora lutea are produce'd after the
rupture of the Graafian follicles and the escape of their contents by what may
perhaps be most correctly described as a process of hypertrophy which the walls

of the empty follicles undergo, without the follicle itself submitting to a cor-

responding- amount of enlargement. The result is that the hypertrophied fol-

licular wall is thrown into plaits or folds which as they increase in extent occupy
more and more of the cavity of the empty follicle, until this has become entirely

filled. The hypertrophy appears to be chiefly the result of the proliferation of
the polyhedral interstitial stroma-cells, which as already stated occur in the wall
of the follicle in abundance, and there is in addition a considerable development
of blood-vessels, which run, accompanied by fibrous tissue, into the folds into

which the wall of the follicle is thrown, giving ofE capillaries which ramify
abundantly in the folded wall. Meanwhile the irregular cleft-like space which
now alone represents the cavity of the follicle, as well as the opening resulting

from the rupture of the follicle and by which its cavity communicated with the

surface, have become occupied by a sort of cicatricial fibrous tissue, which con-

stitutes a sort of hilus for the follicle. To this central fibrous band the strands

of fibrous tissue which accompany the blood-vessels in the folds of the hyper-
trophied follicular wall converge. And at the same time the plaited disposition

of the wall becomes in great measure obscured, so that a section of a corpus

luteum, when advanced in development, exhibits a fibrous framework having
a somewhat radial disposition, with the intervals between the radiating trabeculEe

occupied by a tissue which is almost wholly composed of the yellowish interstitial

stroma-cells. Amongst these cells are numerous cleft-like lymphatic spaces,

and except for the fact that capillary blood-vessels also ramify between the

yellowish cells, the structural appearances are not unlike those which are met
with in the cortical part of the suprarenal capsule.

The corpus luteum is at first marked off from the surrounding ovarian stroma,

but after a time its limits are less well defined, at the same time that many of

its cells wander into the neighbouring parts of the stroma, into which it may be
said gradually to merge and in this way to disappear. The result is that, as age
advances, the stroma of the ovaries becomes gradually more and more pervaded
with interstitial cells.

It is asserted by some that the cells of the membrana granulosa take part in

the formation of the corpus luteum, but it is more probable that they become
detached and extruded shortly after the escape of the ovum. The characters of

the cells of the yellow body, the vascularization of its tissue, and its subsequent

blending with the general ovarial stroma, are all facts which point to the

derivation of the corpus luteum from the wall of the follicle rather than from
the epithelium which forms the membrana granulosa.

Vessels and nerves of the ovaries and Fallopian tubes.—The ovaries are most
directly supplied by the ovarian arteries, analogous to the spermatic in the male,

which anastomose freely by an internal branch with the termination of the

uterine arteries. Sometimes this anastomotic branch is so large that the ovary

seems to be supplied almost entirely by the uterine artery. The ovarian artery

always sends numerous branches to the Fallopian tube. The smaller ai-teries

penetrate the ovary along its attached border, pierce the proper coat, and run in

iicxuous parallel lines through its substance. The veins correspond, forming a
plexus near the ovary named the panqnniform plexus. The nerves are derived

from the ovariaii ^^Ze.r?/.? ; and also from the uterine nerves, which invariably

send ofilsets to the Fallopian tubes.

Parovarium.—The organ so named by Kobelt, or the Organ of Rosenmiiller,

its first describer, is a structure which can usually be brought plainly into view
by holding against the light the fold of peritoneum between the ovary and
Fallopian tube (see fig. 608, ^^o). It consists of a group of scattered tubules lying
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transversely between the Fallopian tube and ovary, lined Tvitli epithelium, but

having- no external openings. The tubules converge towards their ovarian end,

but remain separate there, while at the other they are more or less distinctly

united by a longitudinal tube which is sometimes of considerable size, and
prolonged for some distance downwards in the broad ligament. Its more
developed form in some animals, as the cow and pig, constitutes the dtict of

G-aertner. The origiu of this vestige of a foetal structure will be more fully

referred to under Development. Here it is sufficient to state that it corresponds

essentially to the epididymis of the male. Vestiges of the organ of Giraldes are

also sometimes to be detected in the adult female, in the shape of tubular rem-

nants, situated in the broad ligament nearer to the uterus than the parovarium.

Recent Literature.—Of the Ovary :

—

Waldeyer, Eierstock u. Ei, Leipzig, 1870,

and Art. in Strieker's Handbook, 1871 ; Romiti, in Arch. f. mikr. Anat. X. 1873 ;

Kolliker, in Wurzb. Verhandl., 1874; Fovlis, in Trans. R. S. Edinb., 1874. and J. of

Anat., XIII., 1879 ; Call <b Exner. in Wien. Sitzungsb., 1874 (Graaf. foil, andcorp. Int.)

;

Slaviansky, in Arch, de physioL, 1874 (str. and retrogr. of Graaf. foil.) and Annales de

Gyn., IX. 1878 ; Exner <ii Buckel, in Wien. Sitzungsb., 1874 (lymphatics) ; Born, in A.

f. Anat., 1874 (ovary of horse) ; Elischer, in Med. Centralbl., 1876 (nerves) ; de Sinety,

in Comptes rend. LXXXV., 1877 ; Beulin, Diss. , Konigsb. 1877 (corp. lut.) ; H. Bdgel, in

Arch. 1 Gyn., XIII. (corp. lut.) ; Kisck, in Arch. f. Gyn., XII. 1878 (changes in Graaf.

foil, in age); Balfour, in Quart. Micr. .Tourn. XVIIL, 1878; Wagener, in Arch. f.

Anat., 1879; Faladino, in Gior. intern, d. sci. med., 1879 and 1880 (corp. Int.);

McLeod, in Arch, de biol., I. 1880 ; v. Beneden, in the same ; Schdfer, in Proc. R. S.

XXX., 1880 ; V. Brunn, in Gott. Nachr., 1880 (retrogr. of ova) ; Cadiat, in Jouru. de

I'anat., 1881 ; Schulin, in Arch. f. mikr. Anat. 1881 ; His, Lage, der Eierstocke, Arch,

f. Anat., 1881 ; KoUiker, Lage d. weibl. inneren Geschlechtsorgane, Bonn, 1882.

On the Discharge of Ova:—/. Williams, in Pr. R. S. XXIII., 1874; Hennig, in

Leipzig Sitzungsb., 1878 ; Galabin, in Obstetr. Journ., 1879 ; Pinner, in Arch. f.

(Anat. u.) Physiol., 1889; Leopold, in Arch. f. Gyn., XVI., 1880.

MAMMARY GLAWDS.

The mammary glands (mammge), which yield the milk in the female,

are accessory parts to the reproductive system. They give a name to a

large class of animals (Mammalia), which are distinguished by the pos-

session of these organs. "When fully developed in the human female,

they form, together Avith the integuments and a considerable quantity

of fat, two rounded eminences (the breasts) placed one at each side on
the front of the thorax. These extend from the third to the sixth or

seventh rib, and from the side of the sternum to the axilla. A little

below the centre of each breast, on a level Avith the fourth rib, or

slightly lower, projects a small conical body named the nipph (mammilla),

which points somewhat outwards and upwards. The surface of the

nipple is dark, and around it there is a coloured circle or areola, within

which the skin is also of a darker tinge than elsewhere. In the virgin,

these parts are of a rosy pink colour, differing somcAvhat according to

the complexion of the indiA^dual, but they are always darker in women
who have borne children. Even in the second month of the first preg-

nancy, the areola begins to enlarge and acquire a darker tinge ; these

changes go on increasing as gestation advances, and are regarded aa

signs to be relied on in judging of suspected pregnancy. After lactation

is over, the dark colour subsides, but never entirely disappears. The
skin of the nipple is marked with many wrinkles, and is covered with
papillae ; besides this, it is perforated at the tip by numerous foramina,

which are the openings of the lactiferous ducts : and near its base, aa

well as upon the surface of the areola, there are scattered rounded ele-

vations, which are caused by the presence of little glands with branched
VOL. II. 3 A
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ducts, four or five of >yhich open on each elevation. The tissue of the

nijDple contains a large number of vessels, together with much plain

muscular tissue, and its papillas are highly sensitive ; it becomes firmer

and more projecting from mechanical excitement,—a change mainly

caused by contraction of the muscular fibres, which form concentric circles

round the base of the nipple, and radiating bands running from base to

apex.

The base of the mammary gland is flattened, or slightly concave,

and somewhat oval, with its longest diameter directed upwards and out-

Fig. 616.

Fig. 616.

—

Dissection of the lower half op the female mamma during the period
OP lactation (from Luschka). f

a, a, a, undissected part of tlie mamma ; 1, the mammilla ; 2, areola ; 3, subcutaneous

masses of fat ; 4, loculi in the connective tissue which supports the glandular substance
;

5, three lactiferous ducts passing towards the mammilla where they open ; 6, one of the

sinuses or ampullje ; 7, some of the glandular lobules which have been unravelled ;
7',

others massed together.

wards towards the axilla. The gland lies in connective tissue continuous

with the superficial fascia, its base resting on the pectoral muscle, and
separated from it by a layer of firm areolar tissue continuous with the

deep fascia. The thickest part of the gland is near the centre, opposite

the nipple.

On the surface, and penetrating also between the lobes, there is a

large quantity of fat, Avhich mainly gives the full and smoothly rounded
form to the gland. This fat is of a firm consistence and bright yellow

colour, and is subdivided into lobules by partitions of connective tissue.

It is entirely absent from the nipple and areola.

Structure.—The glandular substance of the mamma consists of

numerous distinct lobes held together by firm intervening fibrous or

areolar tissue, and having adipose tissue penetrating between them.
Each of these lobes is provided with an excretory duct, and is subdivided
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into smaller lobes, and these again into smaller and smaller lobules, which
are flattened or polyhedral, and are united by areolar tissue, blood-vessels,

and ducts. The interlobular tissue contains numerous plasma-cells. The
substance of the lobules is of a pale reddish cream-colour, contrasting -with

the adjacent fat, and is rather firm. The excretory ducts, named the

galactophorous ducts, are from fifteen to twenty iu number ; they con-

verge towards the areola, beneath which they become considerably dilated,

especially during lactation, so as to form am^mllcB or sinuses ith to ^\h.

of an inch wide, which serve as small temporary reservoirs for the milk.

At the base of the nipple all these ducts, again reduced in size, are as-

sembled together, those in the centre being the largest, and then proceed,

side by side, surrounded by areolar tissue and vessels, and without com-

Fi£;. 617.

Fig. 617.—ALVEOLr of the mammary gland op thh bitch under different
CONDITIONS OP ACTIVITY (Heidenliain).

a, h, section througli the middle of two alveoli at tlie commencement of lactation, the

epithelium cells being seen in profile ; c, part of the wall of an alveolus in a similar con-

dition with the epithelium cells seen flat ; d, an alveolus iu full secretory activity.

municating with each other, to the summit of the mamilla, where they

open by separate orifices ; these orifices are seated in little depressions,

and are smaller than the ducts. The walls of the ducts are composed
of areolar tissue, with longitudinal and circular elastic fibres. Both the

terminal vesicles and the ducts are lined with a simple layer of epithelium,

which passes into stratified near the external openings on the nipple.

The memlirana propria of the alveoli appears to consist of a homo-
geneous membrane having steUse and anastomosing cells upon its inner

surface next to the epithehum.

The epithelium differs in its appearance according to the state of

activity of the gland. When entirely inactive the alveoli are very small,

and the epithelium cells small and gTanular. At the commencement of

lactation the alveoli enlarge and become distended with clear secretion

(fig. G17, a, h) ; the cells are flattened out against the membrana propria

and contain fat globules of varying size and in the fluid contents of the

alveoli besides similar fat globules, some of ^vhich have a partial surround-

ing of protoplasm, a few uni- or multi-nucleated granular cells are seen.

During full activity the cells become cubical or even columnar, but are

irregular in size, and exhibit indications of division and of buddiug off

.3 A 2
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into the interior of the alveoli (fig. 617, cT). By the breaking clown of

the cells which have thus become free in the alveoli the constituents of

the milk appear to be formed, the fat globules which were present within

the cells becoming suspended in the fluid of the alveoli as milk globules,

and the albuminous constituents of the cells becoming dissolved and
forming the casein and other proteid substances of the milk.

There is a rich network of blood-capillaries investing the alveoli, and
these are also surrounded by lymph-sinuses like those met with in other

racemose glands.

Difference according to sex.—The mamma begins to be formed as early as

tlie fourth month of foetal life, but its subsequent growth is comparatively tardy.

At the third or fourth year of infancy, there is little or no difference in male and
female children. The fuller development of the gland in the female occurs only

towards puberty. It is probable that dui-ing the later periods of pregnancy, not

only do the alveoli increase in size, but new alveoli may bud laterally from the

pre-existing ones, and that after lactation some of the alveoli may become
atrophied and disappear.

In the adult male the mammary gland and all its parts exist, but quite in a
mdimentary state, the gland itself measuring only from half to three quarters of an
inch across, and ^th of an inch thick, instead of four inches and a half wide,

and one and a half thick, as in the female. Occasionally the male mamma,
especially in young subjects, enlarges and gives out a thin watery fluid ; and, in

rare cases, it has secreted milk.

Blood-vessels and Nerves.—The arteries which supply the mammary glands

are the long thoracic and some other branches of the axillary artery, the mterncd
mammary , and the subjacent intercostals. The veins have the same denomina-
tion. Haller described a sort of anastomotic venous eircle surrounding the base

of the nipple as the circuius venosus. The nerves proceed from the anterior and
middle intercostal cutaneous branches.

Varieties.—Two or even three nipples have been found on one gland. An
additional mamma is sometimes met with, and even four or five have been
observed to co-exist ; the supernumerary glands being most frequently near the

ordinary pair, but sometimes in a distant part of the body, as the axilla, thigh,

or back.

Milk.—The milk is characterized by containing an immense number of fat-

globules of varying size but averaging from T^ouuth to soVuth of an inch in

diameter. They appear to be coated with an exceedingly thin investment of
albuminous substance, probably casein, which prevents them from running toge-

ther into larger drops, but when this is dissolved by the addition of an acid, they
readily blend with one another. Rarely there is a more distinct, entire or

partial, envelope of granular substance, occasionally contairiing a nucleus, and
free nuclei have also been described as existing to a small extent in the milfe.

The mammary gland before and during the first two or three days after par-

turition yields a small amount of a turbid fluid tenned the colostrum. This

contains besides milk-globules single and in groups, amoeboid cells, containing

Fig. 618. Fig. 618.

—

Constituents of the colostrum (Heidenhainj.

a, I), colostrum-corpuscles witli fine and coarse fat-globules

respectively ; c, d, e, pale cells devoid of fat globules.

small or large fat-globules, either closely packed within

the cell, or but few in number, or even absent altogether,

and in the latter case permitting the nucleus to be visible

(fig. 618). These amoeboid cells are kno-mi as the " colos-

trum-corpuscles " (granular corpuscles of Donne) : they occur either not at all or

but very rarely, when the gland is in full activity. It is uncertain whether they

originate as separated epithelium-cells of the alveoli, or whether they are

emigrated white corpuscles.
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Recent liiterature.—On the structure of the mammae :

—

Langcr, in Strieker's

Handb., 1871 ; v. Brunn, in Gott. Nachr., 1874 (interstitial tissue) ; Coyne, Soc. d, bioL,

1874 (lymphatic sinuses) ; WinUer, in Dresden Jahresb., 1874, and A. f. Gynak. XL,

1877 ; Kolessnikow, in Virch. Arch., 1877 ; Sclimicl, 1. Lehre v. d. Milchsecr., Wurzb.,

1877 ; deSinety, in Gaz. med,, 1877 ; Creighton, Privy Council Reports, 1875, and Jour,

of Anat., 1876: KdlUker, in "Wurzb. Verhandl., XIV., 1879: Ra.uher, Ursprung d. Milch,

Leipzig, 1879 ; Parfsc/i, Diss.,!Breslau, 1880 ; Sorgius, Diss., Strasburg, 1880 (lymphatics);

HeidenJiain, Article " Milch-Absonderung," in Hermann's Handb., 1880.

On the male mamma :— TF. Gntber, St. Petersb. Mem., 1866.

On supernumerai-y nipples and mammae :

—

Gegenhaur, in Jena Zeitschr., YII. ;

J. Mitdieli Bruce, in J. of Anat. & Phys. XIII. , 1879.

On the microscopic elements of the milk :

—

Schivalie, in Arch. f. mikr. Anat., VIII.

1872; de Sinety, in Arch, de physiol., 1874; Fhischmann, "Das Molkereiwesen,"

Braunschw., 1875 ; Schmid, Op. cit., 1877 ; Bouchut, inCompt. rend., 1877 (numeration

of globules) ; Heidenhain, Op. cit., 1880.

THE PERITOnSTEUM.

The abdominal viscera having been described, as well as the dis-

position of the peritoneum in relation to each of them, it remains to

give an account of that membrane in its whole extent, and to trace its

continuity over the various parts which it lines or covers.

After lining the anterior wall of the abdomen, the peritoneum passes

round on each side to the lumbar region, where it meets with the right

and left portions of the large intestine. On the right side it completely

invests the lower rounded end of the caecum with the vermiform
appendix ; but the rest of the CEecimi it covers only before and on the

sides, a part of the bowel behind, of variable extent, being immediately

adjacent to the iliac fascia, except in rare instances Avhere the membrane
goes entirely round and forms a mesocsecum. It is disposed in a similar

manner on the ascending colon, which is in immediate apposition with
the abdominal wall ; although here, too, the investment may be complete

with a resulting right mesocolon.

Leaving the right colon, the peritoneum gives a scanty covering to the

lower part of the anterior face of the right kidney and adjoining third

portion of the duodenum where that intestine comes down from behind
the transverse mesocolon ; lower down it continues over muscles and
vessels to the root of the mesentery, proceeds forwards to form the right

layer of that process, passes round the jejunum and ileum, affording them
their peritoneal coat, and returns back to the vertebrse, thus completing
the mesentery on the left side. The membrane now passes in front of the

lower portion of the left kidney, to the left colon, which it invests much
in the same manner as the right, and is then continued over the lateral

wall on the left side to the front again, thus completing a horizontal

circle round the abdomen. Where the colon forms its sigmoid flexure

it is completely invested by peritoneum, which attaches it by a com-
paratively free and moveable sigmoid mesocolon to the fascia of the

left iliac fossa.

From this part, and from the lower end of the mesentery the peri-

toneum is continued into the pelvis. It there invests the upper part of

the rectum completely, forming a mesorectum behind. Lower doAvii the

membrane gradually quits the intestine, first behind, then at the sides,

and finally in front, whence it is reflected on the base and upper part of

the bladder in the male, and forms here the recto-vesical pouch, the mouth
of which is bounded by a crescentic fold on each side, named plica semi-

lunaris. From the apex of the bladder the peritoneum passes to the
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back of the recti muscles. Here it covers the remains of the m'achus

Fig. 619. Fig. 619, A.—DiAGEAMMATIC OUTLINE OF A
SUPPOSED SECTION OF THE BODY, SHQ-WINQ

THE INFLECTIONS OF THE PERITONEUM IN
THE FEMALE (Allen Thomson). i

The upper part of the section is a little to

the right of the mesial plane of the body,

through the quadrate and Spigelian lobes of

the liver below, it is supposed to be mesial

:

I c, placed above the diaphragm opposite to

the coronary ligament of the liver ; 1, liver

;

I', lobe of Spiegel ; s, stomach ; c, trans-

verse colon ; i, small intestine
;
pa, pan-

creas ; a, aorta ; d, duodenum ; v, urinary

bladder ; u, uterus ; r, rectum ; ?•', its

lower part opened ; v a, vagina
; p, j5, the

parietal peritoneum lining the front and
back of the abdominal cavity ; the line

representing the inflections of the greater

sac of the peritoneum will be traced from
the neighbourhood of I c, where it jpasses

from the diaphragm to the upper surface of

the liver, over the upper and lower surfaces

of that organ, in the front of g h, the gastro-

hepatic omentum, over the front of the

stomach, down to o', the outer layer of the

great omentum ; thence it passes back to

the vicinity of the pancreas, and descends

again as the upper layer of the transverse

mesocolon ; after enclosing the colon it

returns on the lower surface of the trans-

verse mesocolon, vi c, to the root of the

mesenterj'', in; it now forms the mesentery
and encloses the small intestine, returning

to the posterior wall of the abdomen, whence
it passes over the rectum, r, descends into

the recto-vaginal pouch, ^l', covers the back
and front of the uterus and the bladder par-

tially, and regains the anterior abdominal
wall above the pubis. In connection with

the lesser sac of the peritoneum, w marks
the position of the foramen of Winslow as

if seen beyond the section ; the lesser sac,

with the cavity of the omentum, is shaded

with horizontal lines, and is marked o o :

round this space the line of the peritoneum

may be traced from the diaphragm over

the lobe of Spiegel, to the back of the

gastro-hepatic omentum, thence behind the

stomach and down into the great omentum

;

it then ascends to the pancreas, which
it covers, and thence reaches again the

diaphragm.

B is a sketch of part of a section similar

to that of A, but showing the view more
commonly taken, according to which the

two layers of the mesocolon are continuous

with the posterior pair of the layers of the

great omentum.

ia the median line, and the ob-

literated hypogastric artery on

each side, which as it passes
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from the bladder to the abdominal wall raises the peritoneum into a

well-marked fold, separating two shallow pits named internal and
external inguinal poucJies (more fully described with the special

anatomy of the groin). In the female the peritoneum passes from
the rectum to the upper part of the vagina, and over the posterior

and anterior surfaces of the uterus, whence it goes to the bladder. The
recto-vaginal foucli (pouch of Douglas), like the recto-vesical, is bounded
above by its semilmiar folds, and the uterine peritoneum forms at the

sides the broad ligaments of the uterus, along the upper border of which
the Fallopian tubes receive from it a serous covering ; but at their fim-

briated openings the peritoneum is continuous with the mucous membrane
lining the tubes.

The peritoneum, on being traced to the upper part of the abdomen, is

found to line the vault of the diaphragm, adtiering moderately to the

muscular and firmly to the tendinous part, and continuing down behind
as far as the hinder surface of the liver and the oesophageal opening.

It then passes forwards on to the liver, forming the falciform, coronary,

and lateral ligaments of that organ, already specially described.

Turning round the anterior border it passes back on the under
sm-face ; but, after covering the quadrate lobe, and arriving at the

transverse fissure, it meets with a peritoneal layer from behind, and in

association with it, stretches from the liver to the stomach, to form the

lesser omentum, as will be presently explained. To the right of this

part it invests the gall-bladder, more or less completely, and the under
surface of the right lobe of the liver, covers anteriorly the adjacent part

of the duodenum, and passes to the upper end of the right kidney,

forming here a slight fold, named hepato-renal ligament. It then invests

the hepntic flexure of the colon, and reaches the right colon, on which it

has been already traced. To the left of the longitudinal fissure the

peritoneum invests the whole of the left \6\)q of the liver, and stretches

out as the long left lateral ligament above and beyond the oesophageal

opening. It then passes down over that opening and covers the front

and left side of the gullet, spreads over the left end of the stomach,

where it passes off to invest the spleen, forming a duplicature named the

gastro-sjplenic ligament, or gastro-splenic omentum, for it is connected

below with the great omentum, and often reckoned as a part of it.

When the membrane passes from the diaphragm to the stomach it forms
a small duplicature to the left of the oesophagus, named the gaatro-phrenic

ligament ; it extends also as a generally stout and well marked fold (the

costo- ov phreno-colic ligament) from the diaphragm opposite the tenth and
eleventh ribs to the splenic flexure of the colon, then passes over the

splenic flexure, and reaches the left kidney and descending colon, Avhere

it has been already described.

Omenta.—The arrangement of the remaining part of the peritoneum

—that between the stomach, liver, and transverse colon—is somewhat
complex, in consequence of the membrane forming in this situation a

second and smaller sac, which communicates towards the right with the

general cavity by a narrow throat, named the foramen of Winsloiu.

This passage, which readily admits a finger, is situate behind the bundle

of hepatic vessels which stretches between the liver and duodenum ; be-

hind the orifice is the vena cava ; above is the caudate lobe of the liver ;

and its lower boundary is formed by the duodenum and a curve of the

hepatic artery. From this opening the lesser sac spreads out to the left
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behind the general or main sac of the peritoneum. It covers a part of

the posterior abdominal wall, but in front and below it is applied to the

back of the main sac, to Avhich it adheres except where the stomach is

interposed. Moreover, it indents, as it were, the back of the main sac,

and between the stomach and colon protrudes into it in form of a great

poach—the bag of the omentum,—which thus has a double coat, formed
by the apposition of the membranes of both sacs. To trace this arrange-

ment more particularly : suppose a finger pushed into the foramen of

Winslow, and the thumb brought to meet it from before, to the left of

the hepatic vessels ; the membrane held between is double ; its anterior

layer (from the greater sac), turns round the hepatic vessels into the

foramen, and then belongs to the lesser sac. The double membrane, so

constituted, is the lesser or hepato-gastric omentum. From the point

Fig. 620.

Dch/

Fig. 620.

—

Front view of the viscera of the upper part op the abdojien in a
CHILD (Henle).

The liver is drawn upwards in order to sliow its under surface and the small omentum,
together with the entrance of the foramen of Winslow, into which a probe is passed.

A, quadi-ate lobe of liver ; S, left lobe ; D, right lobe ; Lt, ligamentum teres with its

peritoneal covering forming the falciform ligament ; V, stomach ; Ct, transverse colon
;

D', dnodenum ; 1, small omentum ; 2, part of great omentum ; 3, right part of small

omentum, its anterior layer being divided to show its contents, viz., Ah, hepatic artery ;

Vp, portal vein ; D ch, common bile duct ; Dh, hepatic duct ; and Dc, cystic duct ; 4,

peritoneum reflected from the liver over the upper part of the right kidney, or hepato-

renal ligament.
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indicated it may be followed to the transverse fissure of the liver, where
its laminae separate, the anterior, which has already been traced from
above, spreading on the adjacent part of the liver, the posterior covering

the Spigelian lobe, where it will be again met with. The attachment

of the combined layers continues backwards from the left end of the

transverse fissure along the fissure of the ductus venosus to the diaphragm
on which it runs a short way to reach the oesophagus, where the anterior

lamina covers the end of that tube in front and on the left, and the

posterior lamina invests it on the right and behind. From this point,

as far as the pylorus, the small omentum is attached to the lesser cur-

vature of the stomach, where its laminae separate—one covering the

anterior and the other the posterior surface of the organ—but meeting
again at the great curvature, they pass down in conjunction to a variable

distance before the small intestine to form the anterior part of the

Fig. 621.

Fig. 621. DlAGKAM OF A HORIZONTAL SECTION THKOUGH THE ABDOMEN AT THE LETEIi

OF THE FORAMEN OF WINSLOW (R. J. Gocllee).

LI, first lumbar vertebra; 12, 11, 10, &c. , successive ribs ; r, rectus muscle ; eo,

external oblique ; Id, latissimus dorsi ; S'pi, serratus posticus inferior ; i, intercostal

muscles ; cs, erector spinse ; ins, multifidus spiute
; xis, psoas ; d, diaphragm.

Ao, aorta ; V.C, inferior vena cava ; C A, coronary artery ; S A, splenic artery ; S Y,

splenic vein ; S, splenic vessels cut as they enter the spleen ; H A, hepatic artery ; P Y,

portal vein ; B D, common bile duct.

L, liver ; L T, ligamentum teres or round ligament of the liver ; St, stomach ; Sp,

spleen; P, pancreas ; K, kidney ; LS, large sac of peritoneum ; SS, small sac ; SO, small

omentum ; Gr S 0, gastro-splenic omentum ; F W, foramen of Winslow ; PI, j)leura.

The peritoneum is represented by a thick dark line. It can be traced from the middle

line anteriorly, where it is seen investing the round ligament of the liver and forming the

commencement of the falciform ligament, along the right side of the abdominal wall, over

the front of the right kidney, to the inferior vena cava where it forms the posterior

boundary of the foramen of Winslow ; from the latter spot the small bag extends over the

pancreas and left kidney nearly as far as the spleen, and then is reflected backwards along

the back of the small omentum to the front of the foramen ; here becoming large bag
again, it turns round the hepatic vessels, forms the anterior layer of the small omentum,
covers the front of the stomach, forms the gastro-splenic ligament or omentum as it is

reflected on to the spleen, which it invests almost completely, and is thence continued along

the diaphragm and abdominal wall back to the middle line.
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great omental sac, and then turn up to form its posterior wall. Meeting
next with the transverse colon, the two laminse separate, and enclose

that intestine, but meet again behind it to form the transverse meso-
colon. This extends back to the lower border of the pancreas, from
which its inferior layer is continued down over the posterior wall of the
abdomen, and forms the mesentery, where it has been already recognized.

The superior layer, on the other hand, which, as will be understood, be-

longs to the lesser sac, covers the front of the pancreas, the coeliac artery

and its main divisions, the upper part of the left kidney, and the portion
of the diaphragm between the aortic and caval orifices, and may extend
to the left end of the pancreas and gastric surface of the spleen, partially

investing the latter organ and forming part of the gastro-splenic

omentum. It then goes forwards on the Spigelian lobe to the transverse

fissure, and the line of attachment of the lesser omentum of which it

then becomes the posterior layer. More to the right the layer in question

passes over the vena cava, and continues into the general peritoneum
beyond the foramen of Winslow. The gastric and hepatic arteries,

especially the former (Huschke), may raise the membrane into folds

which project into the cavity.

From the descrij)tion given it will be understood that, as the sides or

walls of the great omental bag consist of two peritoneal layers, its whole
thickness (in its usually empty and collapsed state) will comprehend four

layers. But although the bag may be inflated in its whole extent in the

infantile body, its sides afterwards cohere, and it becomes impervious in

its lower part. Fat, moreover, accum^ulates between its laminae ; long

slender branches also pass down into it from the gastro-epiploic vessels.

The part of the membrane just described, which is attached to the great

curvature of the stomach and transverse colon, and which is connected

also with the gastro-splenic ligament (or omentum), is usually named
the great or gastro-colic omentum. This may reach the hepatic flexure

and pass a certain Avay down on the right colon, and this part has been
distinguished by Haller and others as the omentum colicum. The great

omentum (j)roper) usually reaches lower down at its left border, and
it is said that omental inguinal hernias are more common on the left

side.

The description now given of the relation of the omentum to the

mesocolon agrees Avith the appearances most frequently seen in the

adult subject, and with the account usually given in English works of

Anatomy ; the exterior (here also posterior) layer of the great omentum
being described as separating from the layer within, belonging to the

omental sac, when it reaches the transverse colon so as to pass behind

or below that viscus, and as proceeding thence backxA'ards to the

abdominal wall as the posterior or lower layer of the transverse meso-

colon. It was, however, long ago pointed out by Haller, and the view

has been conlirmed by the observations of J. F. Meckel, J. Mliller,

Hansen, and Huschke, that in the fcBtus, and occasionally in the child,

or even in the adult, the two ascending layers of the omentum, though

adherent to the transverse colon, may be separated from it and from the

transverse meso-colon, proving that the transverse meso-colon is really a

distinct duplicature of peritoneum. This view has been adopted by
Holden and Luschka in their more recent works, and has been verified

by Allen Thomson. Figures 619 A, and B, show diagrammatically the

difference of the two views.
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EMBEYOLOGY.
ORIGIN AND DEVELOPMENT OP THE BODY AND ITS OEGANS.

In tlie preceding parts of this work the anatomy of the body has
been described chiefly in the adult or fully-formed condition. In the
following section it is proposed to bring together the principal facts

which are known regarding the first origin of the human organism from
the ovum, and the successive changes of development in the embryo or
foetus* by which it attains its complete form and structure. As, however,
the knowledge derived from direct observation of the human ovum is

still insufficient for a detailed history of its development, more especially

in its earlier stages, it wiU be necessary to refer frequently to the
corresponding phenomena as ascertained to occur in mammals and birds,

and even in some other animals lower in the scale. In treating of this

subject attention will be mainly given to the morphological view, the

development of the textui-es having already been described in the histo-

logical part of this volume.

I. THE OVUM BEFOEB EMBRYOHIC DEVELOPMENT.

Om* primary object being the description of the origin and changes of
the organic elements out of which the ncAV being is formed, Ave shall first

take up the history of the ovarian ovum at the time when it is

approaching maturity, and is about to leave the ovary, reserving the

account of the origin of the ovum itself for a later part, when we shall

have to treat of the special development of the reproductive organs.

We shall next trace the changes of structure in the ovum which follow

upon its separation fr'oui the ovary and fecundation, and which result in

the formation of its more strictly germinal part, out of whicli, as an
organisedbasis offormative material, the embryo is subsequently developed.

I. THE OVARIAN OVUM.

The human ovum, like that of mammals generally, is a compara-
tively small spherical body of about -rirtli oi" t^^ P^^t of an inch

in diameter, and so long as it remains in the ovary, the seat of its

formation, is contained in one of the G-raafian follicles of that organ.

As the time of maturation approaches, while the size of the ovum
itself is very little increased, the follicle undergoes great enlarge-

ment, so as to attain at last a diameter of one-sixth or one-quarter

of an inch or even more. This enlargement is in great part due
to the increase of the albuminoid fluid which occupies a large part

of the interior ; but it is of course also attended with a gTeat multi-

* It has been customary to make a distinction between the terms "embryo" and
"foetus " by applying tlie first to the earlier and the second to the more advanced stages

in the development of the new organism ; but although such a distinction may be con-

venient, it is not always maintained by authors, and the terms are sometimes used

indifferently.
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plication and extension of the cells which constitute the so-called

tunica gramdosa surrounding the interior, and of the substance of

the fohicular wall itself. The ovmn is imbedded in a thickened
portion of the tunica granulosa, which since the time of Von Bacr
has received the name of discus jjroligerus, and is thus placed near
the inside of the wall of the follicle ; and when this most projecting

part is fully developed, most frequently at the side next the surface of

the ovary. But on this point observers differ, and at an earlier period
especially it appears that the position of the ovum may vary greatly,

and is not unfrequently on the deeper side of the follicle.

The small and almost microscopic body which constitutes the human
ovum, like that of most mammals, which it closely resembles, possesses a

very definite structure, which, as already partly explained in the Histology,

is that of an organised animal cell. In this view of its nature, we recog-

nise in it an enclosing cell-membrane or cell-wall, the protoplasmic and
other contents, and among these the nucleus and nucleolus ; correspond-

ing more or less with parts which have been long familiarly known in

the larger ova of birds and some other animals, under the names of yolk

membrane, yolk or vitellus, germinal vesicle, and germinal spot.

As in all other animal cells, the main part of the cell substance of the

ovum is essentially of the nature of protoplasm, but in the yolk the

simple and homogeneous protoplasm is more or less mixed or associated

with a diflPerent kind of substance, viz., the viteUine granules or cor-

puscles, which are not immediately or directly connected Avith the

formative processes, but yet serve in a secondary or subsidiary way for

the nourishment of the protoplasm and the parts developed out of it.

Hence the distinction in most if not in all ova which has been recognised

since it was made by Reichert in 1840 (No. 18), between the germinal

or formative yolk substance and the nutritive or food yolk. It is

mainly on the wide variation in the relative quantity and disposition of

these two components of the oviceU that the great differences depend
which are observable among the ova of different animals.

Different Forms of Ova.—The human ovum and that of mammals
belong to a group of ova in which the proportion of food-yolk is very

small, while that of birds, reptiles, and elasmobranch fishes is dis-

tinguished by the very large quantity of this material, as well as by
the proportionally large size of the whole ovum. In the egg of birds the

yolk {which alone is to be compared to the ovarian ovum of mammals)
consists in great part of large vitelline corpuscles or spheroidal groups of

granules, and the primary seat of embryonic development is limited to

the small whitish spot called cicatricula, about ^ of an inch in diameter,

which lies close to the pedicle in the ovarian capsule, and in a

newly laid Qg2, on the side of the yolk which naturally floats upper-

most. The germinal vesicle, which is of considerable size, -g-V
to

-g^oth of an inch in diameter, lies embedded in the centre of the

cicatricula so long as the yolk remains within its ovarian capsule, and it

is to this part, composed of comparatively pure protoplasm, that the

first changes connected with embryonic development are restricted.

Thus the centre of the cicatricula and place of the germinal vesicle have

come to be recognised as the upper or germinal pole of the Qgg, and to

be distinguished from the opposite lower side of the yolk which may be

termed the antigerminal or nutritive pole. So also it has been customary

to distinguish such ova as those of birds by the term merohlastic, as
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indicating that a part only of the yolk is directly or primarily germinal

or engaged in embryonic development. In the ovum of mammals, on
the other hand, the whole yolk undergoes Jfrom the first the formative

changes which result in the production of an embryo, and such ova
have hence been named holohJastic. But though the distinction here

mentioned is undoubtedly Avell founded and important, and the terms

applied to the two most contrasting forms are so far appropriate, it

appears that the intermediate gradations and varieties in the relative

quantity and disposition of the germinal and nutritive portions of the

yolk are so numerous, that it is found impossible to make a complete

subdivision of the ova of animals according to this character.

But while the mature ovai^ian ova of birds and mammals appear

at first to differ very widely from each other, a comparison of inter-

mediate forms and the observation of their earlier condition shows in a
convincing manner that they have essentially a homologous structure, and
that notwithstanding the very large size and the apparent complexity of

structure in the egg of the bird, both kinds of ova have in common the

elementary form of the simple animal cell.

It is obvious that the great difference in size between the avian and
the mammalian ovum has reference to the mode of nutrition of the

embryo in the progTess of its development, as modified in the one case

by the complete separation of the egg from the parent body, which
necessitates the provision within it of all the nourishment required for

the whole duration of incubation ; and in the other case by the de-

pendent and attached condition of the ovum and its annexes which
enables them to draw a supply of nutriment from the parent dining the

whole of gestation.

MAMMALIAN OVUM.

The Yolk Substance.—In the mammalian or human ovarian

ovum which is approaching maturity, the yolk substance forms a well-

defined spherical mass, completely filling the cavity of the containing

membrane. The yolk is at no place perfectly clear or homogeneous, but
exhibits tln^oughout a certain turbidity from minute granules imbedded
in the pm-er protoplasm. The amount of yolk granules, which varies

considerably in different animals, is Sinall in the human ovum, and in

general the granules are of smaller size and in less number near the

Fig. 622.

—

Ovarian ovtj3i of a maji-

3IIFER. "-f- (^-T.)

a, the entire ovum, viewed under
pressure ; the granular cells have been
removed from the outer surface, the

germinal vesicle is seen in the yolk sub-

stance within ; h, the external coat or

zona burst by increased pressure, the
yolk protoplasm and the germinal vesicle

having escaped from vrithin ; c, germi-
nal vesicle more freed from the yolk
substance. In aU of them the macula
is seen. .;,

' >",--"

surface of the yolk and in a space immediately surrounding the ger-

minal vesicle. The yolk granules, or yolk corpuscles, as the larger may
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be termed, are chiefly spherical in form, and are of the most various sizes,

from the minutest molecules up to the diameter of Yomj o^ Tsooth of
an inch. They are difierent in composition from the clearer protoplasm,

consisting mainly of protagon with fat and some other ingredients.

Fig, 623.

—

Ovum of the cat ; highly
3IAGNIFIED. SEill - DIAGKAMMATIC.
(E.A.S.)

zp, zoDa pelliicida, showing radiated
structure ; vi, vitellus, round whicli a
delicate membrane was seen

; gv, germi-
nal vesicle

;
gs, gei-minal spot.

They are enclosed in the substance
of the more homogeneous proto-

plasm. The latter presents in the

living state aU the characters of

this substance, sometimes exhibit-

ing the finely radiated linear or

fibrillar structure Avhich belongs

to its growing condition, and pos-

sessing the amoeboid contractile

property which is known to cha-

racterise most of its forms.

Crerminal Vesicle.—While the protoplasm and viteUine granules

constitute the main part of the cell-substance of the ovum, the germinal

vesicle is an invariable constituent and forms its nucleus. In the ovum
which has not yet arrived at complete maturity this body has a

spheroidal shape, and consists of a matrix containing nucleoplasm en-

closed in a fine but distinct homogeneous vesicular membrane, and is

for the time situated in a clearer part of the yolk protoplasm near

the surface on one side which thus becomes the germinal pole. Its size

in mammals generally is about a fourth part of the diameter of the

ovum, and therefore in the human ovum it may be about s-^th of an
inch in diameter, being actually smaller but proportionally larger than

in birds. The substance of the germinal vesicle corresponds in all

respects with the usual contents of growing cell-nuclei, and may there-

fore be described as nucleoiDlasm.

Germinal Macula or Spot.—In mammals there is generally one
principal nucleolus of a regular spherical or lenticular form, and pre-

senting not unfrequently a well-defined outline. This is the macula
germinativa of Rudolf Wagner, now generally recognised as corresponding

to the cell-nucleolus. In mammals, however, as in other animals, the

macula or nucleolus may be subdi^nided into several, of which one is

usually larger than the rest ; and in this one we may perceive an internal

division into smaller oj)aque granules. The nucleolus appears, as in

other cells, to consist mainly of a granular modification of the cellular

nucleoplasm.

Zona Fellucida.—The most obvious enclosing membrane of the

mammal's ovum is that already referred to as the zona pellucida,—

a

name given to it by Von Baer on account of the appearance Avhich it

presents, in a nearly ripe ovum extracted from a Graafian follicle, of

a clear broad band lying between the opaque yolk substance within and
the granular cells of the proligerous disc which adhere to it extenially.
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This vesicular envelope of the oTum is of considerable thickness and

Fig. 624.

—

Mature ovarian ovum op the Fig. 624.

GUINEA-PIG (from BischofF.) =f" /- ^ .

The zona pellucicla is Iiidden by the adherent

cells of the membrana granulosa, which have as-

sumed a pediculated form next its surface. The
finely granular yolk substance fills the cavity of

the zona. The germinal vesicle has disappeared.

of great strength, bursting only under
strong pressure or by the aid of cutting

instruments. Under a moderate magni-
fying power, when freed from the ad-

herent cells of the proligerous disc, it

appears homogeneous ; but when sub-

jected to higher magnifyers, such as 500
or GOO diameters, it frequently exhibits

a linear radiation through its thickness, which bears some resem-

blance to the more distinct radiated and porous structure in the

egg coveriug of osseous fishes, insects, and some other animals. And
some are of opinion that the pores of the covering of the mammal's
ovum are capable of transmitting minute granules or even cells from
the exterior into its cavity ; but it seems probable that such a condition

of the pores is not constant, and that their occasional enlargement, as

observed by Lindgren (No. Go) and Von Sehlen may depend upon
unnatural circumstances (No. QG).

In 1841 Reichert described a second more delicate membrane as immediately
suiTounding the yolk substance in the mammal's ovum, and more recently Edw.
Van Beneden (No. .57) has affirmed the existence of such a membrane, and
adheres to this opinion in the account of his latest researches (N"o. 63). This
membrane he finds to be formed in the mammal's ovum as it approaches maturity,

and to remain visible for some time after it has left the ovary. F. M. Balfour
(Nos. .32 and 62) is inclined to adopt the same view, while other embryologists

still entertain doubts as to its existence.

In 1840 Barry thought he had discovered in the rabbit's ovum a distinct fora-

men or perforation of the zona pellucida similar to the mlcrojnjle of fishes,

insects, and some other animals, and Pfliiger and E. V. Beneden for a time
supported this view. But the last observer has from his most recent observations

been led to abandon it, and as many other embryologists have sought in vain for

this aperture, it may now with certainty be considered as absent from the mam-
miferous ovum in the more distinct form described by Barry, although occasion-

ally, as before stated, minute pores or radiating canals are seen to pierce the

Eonal membrane.
The Mammalian ovum was discovered by Von Baer in 1827 (No. 49). The

germinal vesicle, which had been made known in Birds by Purkinje in 1825
(No. 48), was first described in the Mammal's ovum by Coste in 1833 (No. .50, i.),

having also been independently observed by Thomas W. Jones in 1834 (No. 51, 1.).

The macula or nucleolus was fu-st pointed out by Rudolph Wagner in 1835
(No, 52, i. & ii.). See the Bibliography, Nos. 47 to 66.

II. MATUBATION OF THE OVUM AND SEPARATION FROM THE OVART.

It was long knowm that at or near the time of the full maturation of

the ovum and its leaving the ovary, both in birds and mammals, the

germinal vesicle, which had gradually approached the surface of the

ovarian ovum in the later stages of its development, finally disappeared

or was lost to view. It was not certain however that this occurred in all
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animals, nor was it known how the disappearance was to be explained,

and whether any part or how much of the substance of the germinal
vesicle, as was vaguely conjectured, might have remained to undergo
further changes, to combine with the yolk, or to form the basis of an

Fig. 625.

Fig. 625.

—

^Ybrtical section through the germinal disc op the kipe ovarian ovuji

OF the fowl, in its capsule. (From Balfour.)

«, Connecbive tissiie of the ovarian capsule ; h, its epithelium, close to which is the

vitelline membrane of the ovum ; c, granular protoplasm which undergoes segmentation
;

w.y, white yolk substance ; x, substance of the germinal vesicle shrivelled up
; y, space

left by this shrinking within the membrane of the vesicle.

embryonic nucleus. Improved modern methods of histological research

have led to the discovery of some of the phenomena of retrogression

of the germinal vesicle and the foundation of the germ of a very

remarkable kind, of which a short account will be given at this place.

Exclusion of the Polar Globules, and Formation of the
Female Pronucleus.—Thesephenomena of retrogTession in thegerminal

Fig. 626. Fig. 626.

—

Ovum of the rabbit prom the fallopian
tube, twelve hours after impregnation. (From
Bischoff.)

In the zona a, spermatozoa are seen ; h, two hyaline
globules or polar bodies within the cavity left by the
shrinking of the yolk.

vesicle are intimately connected with another
appearance which since its first discovery

, by Dumortier in 1837, and further investi-

gation by F. Miiller in 1848, has been
familiar to emljryologists in a very wide
range of animals, viz., the formation or

extrusion from the yolk at the time of

complete maturation of the so-called 2^oIar or dwecting globules, of

which the relation to the germinal vesicle has only recently received a
more minute investigation, although various more or less probable sup-

positions had been from time to time formed as to their nature.

The most precise and satisfactory of the recent observations now re-

ferred to have been made chiefly upon the ova of animals comparatively

low in the scale, but we are not without evidence that nearly similar

phenomena occur also in the higher animals and especially in mannnals.

We shall first describe shortly the results of observations made by
Biitschli, Fol, and Hert-\vig on the ova of some Echinoderms and
Heteropods ; referring the reader to the works quoted at p. 22 of this

volume, and to the very clear account of the phenomena given by Balfour
(No. 32, vol. i. p. 55, and No. 7G).

In the Asterias glacialis, according to Fol, as soon as the ripe ovum is
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detached from the ovary and placed in sea water, the germinal vesicle,

which was previously of a regular spherical shape and presented the

nuclear reticulum and all the usual characteristics of such structures,

loses its external membrane and its internal reticulum, takes an irregular

outline and undefined structure, and becomes to some extent confounded

with the vitellus. The germinal macula also gradually disappears.

Between the remains of the germinal vesicle and the surface of the yolk

there now appears a nuclear spindle or double cone terminating ex-

ternally in a star-like arrangement of the protoplasm. Soon afterwards

another star appears and the nuclear spindle lies horizontally between

Fig. 627.

Fig. 627.

—

Stages in the formation of the polar globules in the ovum of a
STAR-FISH (from Hertwig.

)

gv, germinal vesicle transformed into a spindle-shaped system of fibres
;
p', the first polar

globule becoming extruded from the surface of the ovum
; iJ, polar globules completely

extruded
; f.'pn, female pronucleus.

the two stars. Oscar Hertwig observed phenomena very nearly similar

in another Echinoderm (Asteracanthion), but it was not determined by
either of these sets of observations, what share, and whether any, the

macula took in the changes which occurred ; but further observations

by Fol on one of the Heteropodes (Pterotrachfea) made it certain that

the metamorphosis of the germinal vesicle results in the formation of a

nuclear spindle with the two stars lying near the surface of the ovum,
and that these phenomena, as Avas well known also in other animals, are

quite independent of fecundation.

The next change consists in the spindle assuming a vertical instead of

a horizontal position, and in the subsequent projection of one end or

star in a protoplasmic prominence or knob from the surface of the yolk.

By a constriction which follows in the outer part of this prominence, a

small spherical mass of clear protoplasm constituting the Jirst polar bod//

or glolule is separated and takes its place close to the original site of the

germinal vesicle in a space now formed by the shrinking of the yolk

between the surface of that body and the enclosing membrane.
The process of nuclear division being repeated in the spindle-shaped

body, another polar globule is separated in a manner similar to the fu'st

;

VOL. II. 3 B
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and the irregular remains of the germinal vesicle within the yolk
gradually assume the more regular spherical form and clear ajjpearance

of a nucleus, which sinking more deeply into the yolk now constitutes

thefemale pronucleus.

It is probable that similar phenomena occur in all animals. They
have been observed more or less comjDletely in Petromyzon, the Sturgeon,

Osseous Fishes (Trout), Amphibia, and among Mammals in the Eabbit
and Bat. The following are the principal results of the observations of

Edw. Yan Beneden on the latter two animals.

The germinal vesicle of the ovum which approaches maturation flattens

out, and rising to the surface fuses with the superficial part of the yolk
jDrotoplasm in a lenticular formi The germinal spot proceeding to the

surface of this becomes discoid, while the membrane of the germinal
vesicle vanishes or unites with the disc. The plasma of the nucleus
collects into a nucleoplasmic mass, and along with the nuclear disc

remains for a short time within the ovum. Soon afterwards, however,
a polar body is found outside the yolk, composed of two parts, of which
one stains deeply in the same manner as the discoid part of the nucleus,

while the other resembles the nucleoplasmic substance in not staining.

Van Beneden looks upon these parts of the polar body as the ejected

products of the germinal vesicle ; but Balfour considers it more probable

that a part of the germinal vesicle remains in the ovum to form the

female pronucleus.

The shrinking of the yolk coincides with the expulsion of the first

polar body which usually takes place before the rupture of the follicle
;

the second polar globule is more frequently expelled after the ovum has
entered the tube, and along with its appearance there is a further shrink-

ing of the yolk ; but all these phenomena are quite independent of

fecundation or any influence of the male sperm.

Separation from the Ovary.—It is now well ascertained that the

maturation and the discharge of the ovarian ova and the accompanying-

changes to which the Graafian follicles are subject reciu: periodically

during the breeding period,—in the human female at every successive

menstrual term, and in animals at the times of heat,—and that these

changes take place independently of the influence of the male or of

impregnation (BischoflF, No. G7).

In animals, such, as the sheep or dog, when the state of heat has lasted some
days, and in the human female at or near the time of the menstrual flow, the

ovum is discharged by the rupture of the thinner and most projecting part of the

Graafian follicle. The aperture takes place at a spot, the macula or stigma, which
is non-vascular, is small and with irregular or ragged edges, and its formation by
a solution of continuity of the tissue is preceded by increased vascularity in the

neighbourhood. The ovum in escaping remains imbedded in the cells of the discus

proligerus which adhere closely to it, and it is probably accompanied by parts

of the tunica granulosa and some of the fluid of the follicle. These are pressed

out of the follicle in part by the elastic reaction of the dilated theca, and in

part by the increasing development of new cellular elements in the interior of

the follicle.

By a mechanism which it does not belong to our present view to describe, the

ovum with its accompaniments is received into the wide fimbriated mouth of the

Fallopian tube, and descending in that canal, if not fecundated, gradually dis-

appears or is lost ; but if subjected to the fertilizing influence of the semen,

begins to undergo the changes of development which lead to the formation of

an embryo.
The Graafian follicle, as already indicated, comes soon to be occupied by the
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body named from its yellow colour corjjuf! luteum, and it is important to observe

that this takes place in all cases of the rupture of a follicle, whether or not it

has been followed by impregnation. The changes involved in the formation of

this body and its structure have been already described at p. S36 of this volume.

III. ^'ECUNDATION OF THE OVUM.

The process of fecundation, which will be considered here only in its

relation to the formation of the germ, consists, in its most general

acceptation, essentially in the miion of the male and female generative

elements. For the history of the male generative element we refer the

reader to the account given at p. G98 of this volume.

Introduction of the Spermatozoa into the Ovum.—The fact

of the actual entrance of spermatozoa within the zona or covering of

the mammiferous ovum was first observed by Martin Barry in 1843,

and although his statement was received with considerable hesitation

by his contemporaries, it has since been repeatedly confirmed by the

minute and careful investigation of many observers.

In certain animals the spermatozoa have been seen to enter the cavity

of the ovum by an obvious micropyle aperture, as first observed by
Eansom in fishes (No. 72), and by Meissner and Leuckart in insects ; but

in manunals and other animals in which no such aperture exists, it is

not yet clearly understood in what manner the spermatozoa make their

way through the consistent membrane of the ovum.
Changes in the Ovum and Spermatozoa giving nse to a.

Male Pronucleus.— In mammalia, although the spermatozoa are

ascertained to pass in numbers through the zona, they have not been

Fig. 628.

^•j^r.

Fig. 628.—FEKTiiiizATioiT OP THE OVUM OF AN ECHiNODEEM (Selenka.)

s, spermatozoon ; m.jjr, male pronucleus ; /.JJ?', female pronucleus.

1. Accession of a spermatozoon to the periphery of the vitellus ; 2. Its penetration, and
the radial disposition of the vitelline granules ; 3. Transformation of the head of the sper-

matozoon into the male pronucleus ; 4, 5. Blending of the male and female pronuclei

observed in any case to penetrate or combme with the substance of the

yolk. It is extremely probable that such combination does take place,

but we only know of this occurrence by observations made on the lower
animals, which, however, throw so much light on the whole process of

fecundation that it is proper to give an account of them in this place.

3 B 2
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In this account we shall follow mainly as before the statements of Fol

and Hertwig, together with some others as described iu Balfour's very

clear account of this subject.

In the Asterias glacialis, the female pronucleus, formed simultaneously

with the ejection of the polar globules and independently of fecunda-

tion, having retired towards the centre of the ovum, a number of sperma-

tozoa penetrate with active motions the mucilaginous egg covering, with

their heads directed inwards and their tail filaments extending radiahy

outwards.

In Selenka's account of these phenomena as illustrated by the accompanying'

figures a clear canal-like space remains in the track of the spermatozoon.

One of the spermatozoa more advanced than the rest comes now to be

surrounded and ultimately combined with a prominent part of the yolk

substance, and, the tail remaining motionless and subsequently disap-

pearing, the head, or it may be some other part of the spermatozoon, is

now gathered together into the form of a nucleus, and, sinking to some
depth into the substance of the yolk, becomes surrounded with the

radiated lines known to belong to such structures. It is now, in fact,

converted into the male jjromidcus.

Fusion of the Male and Female Fronnclei, and Production
of the First Segmentation Sphere.—The male pronucleus gradually

approaches the site of the female pronucleus ; and as soon as it comes
in contact with it, the latter, which was previously motionless, assmnes
a new activity, and the two pronuclei, impelled perhaps by the amoeboid
movements of the yolk protoplasm which accompany the change, finally

unite or are fused into one.

The result of this union is the formation of the first enibryonic or

segmenfatmi sphere, or Blastosphere, which may be regarded as a nucle-

ated protoplasmic cell, containing the products of the male and female

generative nuclei, or some portion of them, combined with the yolk

protoplasm of the ovum.

In mammalia Van Beneden has shown that the first segmentation nucleus owes
its origin to the fusion of two previously existing nuclei which could be no
others than the male and female pronuclei. In Petromyzon, Calberla, Kupffer
and Benecke have demonstrated that a single spermatozoon at iirst enters the
ovum, and the researches of Bambeke and Hertwig make it extremely probable

that in Amphibia similar i^henomena attend the maturation and fecundation of

the ovum, while Oscar Hertwig has traced in Echinus lividus the entrance of

the spermatozoon into the ovum and its transformation into the male pronucleus.

Precisely similar phenomena have been ascertained by Salensky to occur in the
sturgeon ; so that there is good reason to believe them to be universal among
bisexual animals. (See Balfour, No. 32 and No. 7G.)

DifiEerences in the details of these phenomena may occur in different animals,

more especially according as impregnation may take place before or after the
separation of the polar globules. In the former case, as in Echinus, the male
pronucleus is cotoparatively small, but in the latter case, as in Hirudinea, Mol-
lusca, and Nematodes, in which the polar globules are not fully separated till

after impregnation has taken place, the male pronucleus becomes as large as the
female.

It appears further that while one spermatozoon is probably sufficient for

fecundation in most instances, a greater number may occasionally penetrate the
yolk substance, and Fol states that when this occurs each spermatozoon has a
distinct pronucleus formed round it, and that several of these may combine with
the female pronucleus.
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Ever since the similar origin of the generative elements of tlie two sexes has

been ascertained, it has been customary to regard fecundation as consisting

essentially in the union of the male and female generative cells : but we can now
attach a much more definite idea to this view when we know that the act of

fecundation consists in the fusion of a male and female pronucleus, of which one
has sprung from the remains of a primitive ovicell, and the other is the product

of a primitive sperm cell, and that both of these have had their origin in similar

elementary structui-es of the parent while in the embryo stage of its existence.

(Balfour, No. 32. Balbiani, No. 6i, and Bibliogr. Nos. 67 to 7G.)

IV SEGMENTATION OF THE FECUNDATED OVUM, AND FORMATION OF
THE BLASTODERM.

It is a general foct among bisexual animals that within a very short

time after the fertilization of the ovum has been effected by the combina-
tion of the sexual elements, the blastosphere or nucleated mass of pro-

ductive protoplasm which results from the act of union proceeds to

undergo a process of division and multiplication after the manner of

cell cleavage, and by the ordinal repetition of that process for a con-

siderable number of times there is eventually produced a collection of

Uastomeres or nucleated cells, out of which the further development
of the embryo subsequently takes place. To this mass of cells capable

of embryonic development the name of protembryo or primitive embryo
might be applied, but it is the same which has been called germinal

memlrane or hiastoderm in the higher animals, because of the flattened

or laminar form which the collection of its cells generally presents.

To this process of cell division and multiplication in the fecundated

ovum the names of yolk cleavage, or more strictly germ-segmentation
are applied. Though common to all the metazoa it presents many and
great variations in the different classes of animals, and even among some
allied families. Here we must confine our attention mainly to tliose

forms in which the phenomena tend to illustrate the process as it occurs

in Maimnalia.

Different Forms of Segmentation among Animals.—Tlie moro
important of these varieties are obviously related to the difference in

the proportion of the nutritive and germinal material in the holo-

blastic, meroblastic, and intermediate forms of ova. In the case of

mammals, the whole mass of the yolk is subject to this change, or is

immediately involved in the process of cell division, while in the mero-
blastic ovum of the bird the first cleavage and consequent formation of

a blastoderm is limited to that small portion of the yolk which is termed
the germinal disc or cicatricula, and which is alone the seat of the

earliest phenomena of development.

This difference constitutes the distinction between total and partial

segmentation, of which we shall have to consider more fully the jjheno-

mena, and with regard to which it is only necessary to say further at tliis

place that there is a close inverse relation between the extent of the

segmenting process and the quantity of the nutritive yolk substance

which is associated with the purer protoplasm of the ovum ; and thus

through the amphibia and other animals, besides variations of other

kinds, all possible gradations are to be found in the proportion of the

substance of the ovum which is primarily involved in the cell-forming

process resulting from segmentation.

The intermediate form of segmentation which occurs in the Amphibia,
as in the frog or newt, is so instructive that it will be proper to iutroduc
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a short description of it at this place before proceeding with that of

mammals and birds.

Complete and TJnecttial Seg-mentation in Amphibia.—In tlie batrachian

ovum the segmentation may be regarded as total or complete in so far that it

extends from the first throughout the whole mass of the yolk, but it may be con-

sidered as imequal in this respect, that there is in some sort a concentration of

the process towards the germinal pole, where the cells resulting from the yolk

cleavage are smaller and more numerous, while they become gradually larger

and less distinctly separated towards the opposite or nutritive pole—a difference

which is manifestly related to the* purer condition of the egg protoplasm in the

neighbourhood of the first, which was the original seat of the germinal vesicle,

and the larger quantity of nutritive yolk accumulated at the lower or anti-

germinal pole. The accompanying diagram copied from Ecker gives a sufficiently

clear view of the successive steps of the process ; 1 representing the undivided

condition, 2 the first vertical cleft which divides the whole yolk into two, 4

indicates the stage at which by a second vertical cleft the yolk is now divided

into four segments. In these two first stages the vertical clefts proceed down-

wards from the upper or germinal pole, where they cross each other at right

Fig. 629.

Fig. 629.

—

Unequal segmentation in the egg of the frog (from Balfour after Ecker.)

Ten stages are represented ; the numbers over certain figures indicate the number of

segments at each of these stages ; in the intervening figures the fissures are in progress of

formation.

angles, to the lower or nutritive pole. In the next stage, however, marked 8, in

which that number of segments have appeared, the new cleft is horizontal and
parallel to the equator of the sphere, but at some distance above it. This again

is succeeded by radial or meridional clefts which, proceeding gradually fi-om the

germinal pole, divide first the upper and later the lower segments, so as to pro-

duce first twelve and later sixteen segments, as seen in the outline numbered 16.

Two equatorial clefts follow, which have the effect of dividing both the upper

and lower meridional segments, so as to produce first 24 and subsequently 32

segments ; and by a succession of similar alternating vertical and horizontal

clefts a greater and greater multiplication takes place, but in such a manner as to

give rise to more numerous and smaller and closer cells in the upper germinal

and deeply coloured part and fewer and larger and looser cells below.

Up to a certain point the progression is regular, but when the number of

segments has become considerable the regularity is no longer perceptible. A
cavity at the same time appears, the segmenf.a.tion cavity, which lies between the

smaller cells of the upper and the larger cells of the lower division ;
and these

two sets of cells respectively correspond to the upper and lower layers of the

blastoderm of higher animals. In the Amphibia then the segmentation, though

complete, is from the first unequal. (See No. 26, Tab. 23, Explanation.)

Complete and Equal Segmentation of Amphioxus and Petrom.yzon.

—

Segmentation which is at once complete and equal occurs in many of the inverte-
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brate animals, but among the vertebrates or animals allied to them the only

examples are those of Ampliioxus and Petromyzon. In the case of Amphioxus
after the successive reduplication of the yolk-spheres has proceeded to such an
extent as to divide the whole into smaller uniform nucleated cells, these cells arc

found to have arranged themselves as a layer on the surface, while the interior jy

occupied by fluid, constituting thus a cellular vesicle with a segmentation cavity

within ; and the first change which succeeds to this stage consists in the doubling

in or invagination of one side of the cellular wall so as to give rise to a secondary

cavity communicating with the exterior, while the two sides approach one
another so as gradually to narrow and at last obliterate the original cavity which
lay between them. The part which remains outside fomis the external layer or

ectoderm, and that which is doubled in is the internal layer or entoderm. The
IDrotembryo or blastoderm thus assumes the foi'm of the bilaminar gastnda of

Haeckel, communicating with the exterior by the now narrowed aperture called

blastopore, and representing in fact the simplest form of an alimentary cavity.

Complete Segmentation in Mammals.—The Mammals come
next to the Amphioxus in the completeness and regularity of the seg-

mentation, but they differ from it both in the early distinction of the

upper and lower blastodermic cells and in the absence of any obvious

invagination of the vesicular blastoderm.

The segmentation of the mammiferous ovum had been seen by Martin
Barry, but its general features Avere first clearly demonstrated by the im-
portant researches of BischoflF. In more recent times much light has

Pig. 630.—FlKST STAGES OF SEGMENTATION OF A MAJniALIAN OVUM : SEMI-DIAGRAMMATIC.

(Drawn by A. T. after Edwd. v. Beneden's description.)

z.}), zona pellucida
;
p.gl, polar globules ; ed, ectomere ; ent, entomere ; a, division

into two blastomeres ; b, stage of four blastomeres ; c, eight blastomeres, the eetomeres

partially enclosing the entomeres ; d.c, succeeding stages of segmentation showing the more
rapid division of the eetomeres and the enclosure of the entomei'es by them.

been thrown upon the nature of this process by the interesting researches

of Edwd. Van Beneden (No. 74) and others. From the observations

of Van Beneden it appears that in the ovum of the rabbit within one or

two hom'S after the union of the male and female pronuclei the process

of division of the nucleus and the primary segment sphere commences.
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This, as Avell as all the subsequent divisions which occur, is accompanied
by the usual phenomena of spindle modification of the nucleus and radial

striation of the surrounding yolk protoplasm. The whole process of

segmentation is accomplished in the rabbit within from 70 to 75 hours
after fecundation, by which time the ova have passed through the Fal-

lopian tubes and are entering the cavity of the uterus.

The principal j)henomena as described by Van Beneden are as follows.

First a complete division of the whole yolk into two spheroidal or ovoid

masses takes place, the cleft seeming to depart from the place previously

occupied by the polar or directing bodies. Each of these spheroids is

next divided in a similar manner with the first into two, so that four

result, and in a third stage the division of the four spheres brings the

Fig. 631.

tnC.

Fig. 631.

—

Sections of the oyum of
THE "RABBIT DUKING THE LATER,

STAGES OF SEGMENTATION, SHOWING
THE FORMATION OP THE BLASTODERMIC
YESiCLE (E. r. Eeneden).

a, Section showing the enclosure of

entomeres by ectomeres except at one

spot—the blastopore ; b, more advanced
stage in w'liicli fluid is beginning to ac-

cumulate between the entomeres and ecto-

meres, the former completely enclosed
;

c, the fluid has much increased, so that a

large space separates entomeres from
ectomeres excei^t at one part ; d, blasto-

dermic vesicle, its wall formed of a layer

of ectodermic cells, with a patch of

entomeres adhering to it at one part ;

Z.2]., ed., cut., as before.

number up to eight. It is to be remarked however that the size of the

two spheres resulting from the first cleavage is not equal, but the one
which we shall 'call the upper is the largest, and it is also somewhat
differently affected by reagents from the lower one ; and Van Beneden
has suggested the view that this difference is already an indication of a

distinction between the cells of the upper and lower layers of t]ie

blastoderm (ISTos, 74 aud 75).

"When the division has reached the third stage and eight spheres are

formed, these are found to have arranged themselves in such a manner
that the four lower cells become more closely gathered together by one
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of them taking a central position with reference to the rest, and the four

npper cells at the same time show a tendency to surround and enclose

the lower, which at a later period their successors do more completely.

A diflFerence in the rate of division of the upper and lower group of

spheres now becomes apparent, that of the upper being somewhat in

advance of the lower ; and thus in the fourth stage, -while' the cells

of the lower group remain only four in number, the upper have divided

and amount to eight. The division of the lower group then brings

their number to eight and the whole yolk consists of sixteen spheres.

There is now found also to be a change in the relative size of the

upper and lower groups of spheres, the lattei* having now become the

larger and fewer, and also the more opaque and granular in their aspect.

The upper spheres at the same time show more and more tendency
to spread over the surface of the lower group which are gathered to-

gether in a ball, and thus to surround and enclose them. This enclosure,

however, is not complete till the tenth stage, when the whole number
of spheres, or cells as they may now be called, is 9C, of which Gi are

those of the surface, and 32 occupy the interior.

There is a time hoAvever during which the external layer of cells,

though covering the mass of inner ones, does not completely close them
in, but leaves one or more of them visible by an aperture which has been
compared by Yan Beneden, but according to some on insufficient grounds,

to the blastopore or aperture of invagination in the lower animals. This
aperture is soon effaced by the union of the external cells over it, and in

this stage, which may be regarded as the completion of the segmentation,

the ovum is covered externally by an entire layer of nucleated and some-
what prismatic cells, while the interior is occupied by a solid mass of
cells of a different character. Thus the whole segmented ovum, which
is stiU only slightly increased in size, is converted into a hollow cellular

siDhere to which at a later period the name of IJastodcrmic vesicle is

given.

Partial Segrmentation.—The process of segmentation as it occurs in meso-
blastic ova contrasts -nidely in its more apparent phenomena with that pre-

viously described, and yet, considered as one of protoplasmic ceU-division, and

Fig. 632.

Fig. 632.

—

Surface yie-ws of three early stages of segmentation vs the fowl's egg.

(From Balfour after Coste). .

A, stage of the Primary furrow ; B, first Eadial furrows ; C, other Radial furrows with
the first circular ; a, edge of the germinal disc ; b, primary and vertical furrows ; c, smaller

central, and cl, larger peripheral segments.
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vicwccT in the light of the relations of its germinal and nntritive yolk substance to
each other in the ovum, the phenomena may be regarded as fundamentally
similar. In the egg of the bird, as in the common fowl, the primary segmenta-
tion of the germ is limited to the cicatricula or germinal disc, and this process
is accomplished dui-ing the descent of the yolk or ovarian ovum through the
oviduct, and particularly in its lower part, while at the same time the egg is

Fig. 633. Fig. 633.

—

Surface view of the
GERMINAL DISC OF THE FOWl's
EGG IN A LATER STAGE OP SEG-

MENTATION (from Balfour.)

c, small central segmentation

spheres ; b, larger segments out-

side these ; a, large, imperfectly

circumscribed, marginal segments
;

e, margin of the germinal disc.

being enclosed in its accessory

constituents of albumen, mem-
brane, and shell derived from
secretion previous to its being
laid. This descent usually

occupies in the common fowl
from 16 to 24 hours or not much
longer periol, and the process

of segmentation is therefore a
comparatively rapid one.

The more obvious phenomena attending this process, as observed by Coste

(No. 22, iii.) and KoUiker (No. 28 i. p. 70), consist in the occun-ence, first of a groove
or cleft across the cicatricula in a determinate direction, which appears to be at

right angles to the long axis of the whole egg. This is soon followed by another
groove, which crosses the first nearly at right angles or intersects it at opposite

sides in two separate places. In a third stage the four segments of the germinal

3^ is-tu^p:'':'^j(s)^'Q'fee^® ooQ^ei; o) /

Fig. 634.—Vertical section through more than a half of the germinal disc of
A FOWL IK THE LATER STAGES OF SEGMENTATION (from Balfour.)

c, indicates the.middle of the germinal disc ; a, one of the larger peripheral segments
;

i, larger cells in the deeper part of the blastoderm ; c, edge of the blastoderm adjoining

the white yolk (lu) ; most of the cells contain nuclei.

disc which were separated by the two first grooves, are again divided by new
grooves, each of which, like the first, has a radial disposition, so that eight

segments now result. But in a fourth stage the segmenting groove takes a cir-

cular or concentric direction, and is such as to cut off a small portion at the

upper angle of each of the eight radial segments close to the centre. Sixteen
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segments are thus formed, and subsequently, by a less regular alternating

succession of radial and concentric division the whole disc comes to be divided

into smaller portions, within each of which, as appears in the end, a nucleus is

formed, and which therefore have the value of true protoplasmic cells. They
are in fact the precursors of the formative cells of the blastoderm. It appears

fui-ther that the cells which thus result from the segmenting process are

arranged in two layers, an upper consisting mainly of one range of cells which
are clearer and with more defined outlines, and a lower set of cells, which are

somewhat larger, more opaque and granular in their aspect and more loosely

and u-regularly disposed. These layers are separated from the yolk below by a
cavity which may be called the segmentation cavity, and they correspond with
the primitive layers of the blastoderm.

The nature of the meroblastic form of segmentation now described was first

clearly understood from the observations of Kollrker on Cephalopoda in 1844
;

and the phenomena have since been investigated in reptiles, cartilaginous fishes,

and other animals.

In the Teleostei or osseous fishes the segmentation is also partial, but with a
nearer approach to the unequal cleavage of the Amphibia.

II. DEVELOPMENT OF THE OVUM IN GEIOIIIAL.

I. THE BLASTODERM.

From the preceding account of the segmentation of the ovum it ap-

pears that in the amniotic vertebrates the general result of that process is

the formation of a flattened or membranous plate or layer of organised

cells ; and the fm'ther observation of the progress of development of the

ovum shows that the whole of the genetic changes to which the parts of

the future embryo owe their origin take place within, or in close connec-

tion with the cellular elements of this plate or membrane. It is essentially

therefore the germinal part of the egg, and in the discoid form which it

presents in birds was appropriately named by Pander germinal membrane
(Keimhaut) or Blastoderma, and this name is equally applied to the vesi-

cular form which it presents in mammals and some other animals.

In the sauropsida, and to some extent also in the mammalia, the

blastoderm, on the completion of the primary segmentation, does not

consist of one layer of cells only, but shows a tendency to division into

two layers or two sets of cells, of which the external are generally

the more advanced in their state of development. From their relative

position these layers may be distinguished as the upper and lower,

or outer and inner, primary layers of the blastoderm. Between
these two layers, as they become more differentiated, at a subsequent

but still very early stage of blastodermic development a third or middle

layer makes its appearance, producing thus a trilaminar structure.

As the result of all modern embryological research has shown that the

first origin and formation of the several systems, organs, and textures of

the embryo stand in definite relations to the several layers before men-
tioned or their derivatives, it will be apparent that the history of em-
bryonic development, more especially in its earlier stages, is in a great

measure the narrative of the organogenetic changes occurring in the

upper, middle, and lower layers or cellular strata of the blastoderm.

1 . Preliminary Notice of some of the Fundamental Phenomena
of Development.—Before proceeding to consider the somewhat intri-

cate and still imperfectly understood subject of the nature and origin of

the blastodermic layers, and th^ir relation to the phenomena of develop-

ment, it may assist in some degree the comprehension of what is to
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follow if -^-e state here as briefly as possible tlie nature of the earliest steps

ill the development of the ovum and first appearance of the rudiments of

the embryo. In this statement reference "U'ill be made chiefly to the

phenomena as they occur in the bird's egg, ^Yllile at the same time iu

may be mentioned that they are essentially the same in the other Amniota.
Under the influence of the heat of incubation in the fowl's egg, the

germinal disc expands at its periphery and as a whole ; the cuter

part, becoming thicker by the accumulation of formative elements

derived from the yolk, constitutes the opaque area, and the central

part, remaining much thinner, forms the transparent area. The upper

layer of the blastoderm extends over the whole of tliis disc ; the lower

layer in its primary condition reaches only as far as the inner margin
of the opaque area, becoming there continuous with the formative

substance of the yolk in the thickened part which is named tha

germinal wall. After a few hours of incubation the transparent are?.,

from being at first nearly circular, becomes oval and then pyriformj

Pig. 635. Eig. 636.

i_7jr

/'^.s

Fig. 635.

—

Transparekt area of the blastoderm of a chick at a very early period,
SHOWING THE COMMENCEMENT OF THE PRIMITIVE STREAK. (FrOUl BalfoUr.

)

2}r.s, primitive streak ; «.j;, area pellucida ; a.ojy, area opaca.

Fig. 636.

—

Piriform transparent area of the chick's blastoderm with the primitive
GROOVE. (From Balfour.

)

2w, primitive streak and groove; a/, amniotic fold commencing; the darker shading
round the primitive streak indicates the extension of mesoblast.

and en that side of the oval which afterwards becomes the narrow end
of the pyriform space, and therefore near the margin, a sickle-shaped

opacity appears (Kupffer, jSTo. 113), which is gTadually prolonged
into the middle of the area and even beyond it, and as the marginal
Avidening contracts, the whole takes the appearance of a strap-like

thickening of nearly uniform diameter throughout. This is the lyrimi-

tlve streak or trace, which is the first indication of the lineaments

of the future embryo. A groove very soon appears in the upper
surface of the streak, the primitive groove, in which we shall afterwards

have to notice certain depressions or perforations of the blastoderm

which are of great embryological interest. About the sixteenth hour
there is formed iu the wider forepart of the transparent area a consider-

able thickening of the upper layer, -which is soon divided by a median
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groove into two ridges, extending backwards so as to enclose partially

the front of the primitive streak ; they unite or run into one at the fore-

part. These ridges and the thickened plates within them are the dorsal

ridges and medullary plates which form the commencement of the brain

and spinal marrow or cerebro-spinal axis of the embryo. It will after-

wards be shown that the primitive streak and groove are comparatively

evanescent and unimportant structures as regards the organs of the

future embryo.

The dorsal ridges and medullary plates, continuing to grow steadily,

extend themselves from before backwards, so as to encroach more and

Fig. 637. — Surface view Fig. 637.

AND DIAGRAMMATIC SECTION

SHOWING THE RELATION OP

THE PRIMITIVE STREAK AND
BLASTODERM TO THE YOLK
IN A fowl's ESG AFTER
TWELVE HOURS OF INCU-

BATION. (A. T.)

A, surface view, natural

size ; op, opaque area ; tr,

transparent area, pyriform,

and showing the primitive

streak in its narrower portion

;

h, haloes of the yolk sur-

rounding the germinal disc ;

U, section across the disc, and
a part of the yolk in the re-

gion of the primitive streak,

magnified about ten dia-

meters; vm, vitelline mem-
brane indicated by a dotted

line ; e, the epiblast in the

region of the primitive streak,

showing the depression in the

middle of the upper surface

formed by the primitive

groove ; m, the mesoblast

beginning to be formed, and
spreading outwards from the

epiblast at the primitive streak ; h, the hypoblast, extending across below and passing

at the sides into the germinal wall of the yolk, gw ; w, the white ; and y, the yellow or

granular yolk substance.

more upon the prhnitive streak, which they, along with the meso-
blastic columns on either side of them, partly extrude and partly

enclose ; and the ridges, rising and approaching one another, unite

together along the dorsal line, first at a limited space and then more
completely till at last they form a closed medullary tube, wider anteriorly

in its cephalic part, the whole thus giving rise to the primitive form of

the brain and spinal marrow.
Below the medullary tube there is formed about the same time the

cellular column named chorda dorsalis or notochord, which occupies the

place of the centres of the future bodies of the vertebrje and basis of the

cranium, and by a somewhat later process the rudiments of the vertebrae

themselves in their centra or bodies, which enclose the notochord, and
their neural arches which surround the medullary canal, together with
the muscular plates, which are the source of the volmitary muscles, come
to be developed from the middle layer.
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The formation of blood-vessels and blood and the simultaneous deve-

lopment of the heart follow in another part of this layer, and in a some-
what later stage there take place the inflection and other changes of the

whole blastodermic layers Avhich mould the body of the embryo into a

semblance of its later form, give the distinction of head, trunk, and limbs,

and lay the foundation of the alimentary canal, its accompanying glandular

Fig. 638.

A -r

Fig. 639.

Fig. 638.—SUUFACE view of the transparent area of a blastoderm of 18 HOURS,
SOMEWHAT diagrammatic (fi'om Balfour.)

pr, primitive groove, closed in front iiy the coalescence of the two lateral ridges
;

one, medullary groove, having on each side the medullary folds or ridges A, which also

meet in front to enclose the groove, but diverge behind so as to enclose the primitive

streak ; in front the fold of the amnion is commencing.

Fi 639.

—

Area pellucida and
DAY.

rudiments of the embryo-chick op the second

^{ (From IviJlliker.)

jpr. primitive streak and groove ; Rw, doi'sal or medullary ridges meeting in front ; Rf,
medullary groove near its middle ; stz, axial zone ; Pz, parietal zone ; P~\ two vertebral

somites ; Ch, notochord ; Vkf, cephalic fold ; vD, anterior intestinal fold shining through

;

vAf, anterior or amniotic fold ; Ap, area pellucida.

and other organs, together with the extra-embryonic structures, such as

the amnion, yolk-sack and allantois, constituting the coverings of the

embryo and membranes of the developed ovum.
2. Relation of the Layers of the Blastoderm to the Develcp-

meut of Different Systems and Organs.—In this complex de^'elop-

mental process, according to the views of Remak, with such slight

modification as is necessary to bring them into conformity with the results

of more recent discovery, the upper layer of the blastoderm, which we
name epiblast (or neiiro-ejjidermal), is the exclusive source of the organs of

the nervous system, central and peripheral, with the organs of sense, the
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cuticular covering of the body and lining of the mouth, together with its

accessory glands and other parts. The lower layer or hypoblast (the
epitheJio-glandular) gives rise to the epithelial Hning of the alimentary
canal and air-passages, the principal gland-ducts and the cellular ele-

ments of the glands.

Fig. 640.Fig. 640.

—

Dorsal view of a blastoderm and em-
bryo CHICK HATING FIVE MESOBLASTIC SOMITES

(from Balfour).

a.pr, anterior part of the primitive streak
; _?'.^»",

posterior part ; the medullary ridges have come to-

gether iu the greater part of their extent, but have

not yet united ; the caudal swellings are visible on
each side of a-i^r.

The mesoblast undergoes subdivision and
has a much more complex destination. By
its inner column it forms the matrix of the

cranio-vertebral skeleton and the associated

voluntary muscles. By the upper plate of

its lateral part {Somatic or imrietal Alcso-

hlast) it gives rise, in association with the

epiblast, to the osseous, fibrous, muscular,

and tegumentary substance of the body-
wall and limbs ; while its lower plate {visceral mesoMast), separated

from the upper by the body-cavity, supplies the formative material

for the fibrous and muscular wall of the alimentary canal, the lymph and
blood-vascular system, and the urinary and generative organs.

The two divisions or plates of the mesoblast now referred to (parietal

and visceral mesoblast) in extending themselves peripherally in the

Fig. 641.

—

Transverse section throcgh the
EMBRTO-CHICK BEFORE AND SOME TIME AFTER
THE CLOSURE OF THE MEDULLARY CANAL, TO

SHOWTHE UPWARDANDDOWNWARD INFLECTIONS
OF THE BLASTODERM (after Rcmak).

A. At the end of the first day. 1, notochord

;

i ' iS

2, medullary canal ; 3, edge of the dorsal lamina

;

4, epiblast ; 5, mesoblast divided into upper and
lower plates ; 6, hypoblast ; 7, section of proto-

vertebral somite.

B. On the third day in the lumbar region. 1,

notochord in its sheath ; 2, medullary canal now
closed in ; 3, section of the medullary substance

of the spinal chord ; 4, cuticular layer of epiblast

;

5, somatic mesoblast ;
5', visceral mesoblast (one

figure is placed in the body cavity) ; 6, hypoblast

layer in the intestine and spreading over the

yolk ; 4x5, somatic wall going to form the

amnion ; 6', 6, visceral wall passing into the
yolk-sack.

embryo and ovum, are more or less associated with the upper and lower
layers, the upper with the epiblast, the lower with the hypoblast, so as

to form two composite sheets of the blastoderm, the upper of whichwe shall

name ihB parietal or somatic ivall, and the Igwqx the visceral or splanchnic

wall (the Somatopleure and Splanchnopleure of Foster and Balfour,

K'o. 30). Of these the upper gives rise by its inflection to the amnion
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or proper embryonic covering, wliicli is continuous with the abdominal
wall of the embryo at the umbilicus ; while the lower sheet forms in its

extension the greater part of two other membranes which are in direct

continuity with the waU of the alimentary canal, viz., the yolk-sack and
the allantois, all of which will be described later.

It requires to be noticed however that the foregoing account, though
true of the great majority of mammalia, does not apply to them all. It

has been long known, according to the discovery of Bischoff (No. 21, iv.),

that in the guinea-pig the order of the position of the blastodemiic

layers is inverted in such a manner as to place the epiblast internally

and the hy^joblast externaUy, with a corresponding difference in the

relative position of the parts developed from the several layers : and it

has been recently shown by A. Fraser that a similar inversion of the

layers exists in the rat and mouse. (Brit. Assoc. Aug. 1882.)

The existence of several laminaj in the germinal substratum was first sug-

gested by C. F. Wolff in his celebrated -work Theoria Generationis, published in

1759, and in his later Memoir on the Development of the Intestine fii'st published

in 1767 and republished in German by J. F. Meckel in 1S12. It is, however,

to the more exact researches of Pander, conducted under the direction of D61-

linger of Wiirzbm-g, and published in 1817, and the modifications of them by Von
Baer (1826-1837), that we owe the first consistent attempt to connect the de-

velopment of the several organs and systems of the embiyo Avith the different con-

stituent parts or layers of the blastoderm. Pander recognised a trilamiuar

structui-e of the blastoderm and distinguished the three layers composing it, in

their order from above dovmwards, or from without inwards iu the egg, as the

serous, rascuJar, and mucous layers (see Nos. 9, 10 and 12).

In 1850-51: a further important advance was made in the knowledge of the con-

stitution of the blastodermic layers, by the discovery by Remak (No. 25) that the

greater part of the middle layer soon after its formation comes to be divided into

two laminse, and separated by a space which corresponds to the perivisceral

cavity—a fact which had been partially foreseen by Von Baer. So marked a

division of the middle layer and distinction of the parts which are afterwards

developed from its two lamina;, might seem almost to warrant the recognition of

four distinct layers in the blastoderm ; but it will be found on the whole more
convenient to consider the fundamental layers as only three, to which, following

the nomenclature of Foster and Balfour, we shall henceforth apply the designa-

tions of epiblast, mesoblast, and hypoblast, terms which are synonymous with

those of ectoderm, mesodenn, and entoderm, employed by many authors.

3. Origin and Constitution of the Blastodermic Layers.—
Eeturning now to the consideration of the constitution of the blastoderm,

we shall find some difference of opinion prevailing among embryologists

on this subject, and more especially as to the mode of origin of the

middle layer. We cannot enter into a full discussion of this question

here, but we shall endeavom- to present a very brief view of the results

of the most recent researches regarding it.

In the class of birds, as already noticed, the discoid blastoderm

presents from the first, or from a very early period of incubation, a

bilaminar arrangement of its cells, and there is no difficulty in identify-

ing the greater part of the upper and more .advanced layer with that

which is afterwards known as epiblast. The lower layer consists at first

of larger, more scattered and loose granular cells, but these or a part ef

them soon assume the more definite form of a distinct layer of flattened

cells occupyiug the lowest place and therefore corresponding, according

to most embryologists, to that which is later known as hypoblast. As
yet there is no appearance of mesoblast or middle layer ; but between
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the eighth and twelfth hour of incubation in the fowl's egg, during
which time the primitive streak has been formed, the blastoderm under-
goes considerable change in connection with the dcTelopment of the

middle layer. The primitive streak consists in fact of a linear or strap-like

Fig. 642.—2\Iicii'jscuPic vikw of a vertical section through half the blastoderm
OP A NEWLY-LAID EGG. (From Strieker.) -2"

S, upper layer of small nucleated cells ; D, lo\rer layer of larger granular cells ; M, seg-

ment spherules lyiug in tiie subgerminal cavity ; A, substance of the white yolk below the
germ.

mass of cells, formed by direct proliferation from the lower cells of the

epiblast, and continuing to adhere to that layer along the whole length

of the streak. This is the axial plate of His and KoUiker, and, as first

sho'\^'n by the latter observer, is undoubtedly the commencement of a
middle layer developed in connection with the epiblast.

At this time, that is, after the formation of the primitive streak and
previous to the appearance of the medullary plates and chorda dorsalis,

the blastoderm in the forepart of the germinal area, both of birds and
mammals, consists of only two layers, and it is not till some time later

that the mesoblast which gives rise to the protovertebral plates is found
to have extended itself into this region.

Fig. 643.

Fig. 643.

—

Transverse section through the front end op the primitive streak and
BLASTODERM OF THE CHICK. (From Balfour.

)

2or, primitive groove ; m, mesoblast ; ep, epiblast ; 7iy, hypoblast.

With regard to the much debated question of the mode of origin and

extension of the mesoblast two different views mainly prevail among the

embryologists who have most recently investigated the subject ; according

to one of which, maintained by KoUiker (Nos. 28 and 99), Braun (No. 110)

and others, the mesoblast is entirely derived from the axial plate of the

Vf)T.. II.
'

3 c
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epiblast before referred to, and spreads from that source outwards into all

the other parts of the embryo or ovum Avhere it afterwards forms the
foundation of new parts. According to the other vieAv, held by Balfour
(N"os. 32 and 96), His (No. Ill) and others, while it is admitted that the
mcsoblast has the axial origin from epiblast before mentioned, it is main-
tained that there are probably two other sources from which it proceeds,

viz., from the primary lower layer in the greater part of its extent, and
from nuclei of the germinal wail of the yolk at its periphery.

Fig. 644.

—

Longitudinal section of the blastoderji of the chick through the
PRIMITIVE streak: AND THE PART IN FRONT OF IT (fl'Om Ealfoiir).

pi'.s, primitive streak ; ep, epiblast ; Iitj, hypoblast in front of the primitive streak ;

n, nuclei in the yolk wall
;
yh, yolk.

In a recent revision of the whole evidence on this question as applied to birds,

Balfour and Deighton (No. 108), founding- their opinion upon new and very careful

observations made by them on the common fowl and duck, state that after the
lateral expansion of the layer of mesoblast fonned in connection with the axial plate

there takes place both in the region of the primitive streak and in the fore part of

the germinal area a rapid proliferation of cells presenting a stellate character, and
connected below with the upper surface of the lower layer over the whole extent

of the transparent area. These cells are at first separate from the lateral parts

of the axial mesoblastic plate, but below the primitive streak they are so inti-

mately united with both epiblast and hypoblast as to render all three layers

continuous in that situation. Balfour and Deighton therefore, while admitting
with Kolliker the origin of a main sheet of mesoblast from the axial primitive

streak plate, are inclined to differ from him so far as to attribute the origin of

the lateral mesoblastic plates which form the mesoblastic somites in the region of

the embryo to the differentiation of hypoblastic or lower layer cells, which
however they allow are continuous with the wing-like or lateral extensions of

the primitive streak or axial mesoblast. These authors further believe that a
third set of mesoblastic elements may be derived from the peripheral portion of

the blastoderm, viz., from the nuclei and cells of the germinal wall, from which
elements the primitive blood and blood-vessels of the vascular area originate.

The latter view is one which has long been advocated by various embryologists.

more especially by His (No. 29 and No. Ill, i. and ii.), who in 1868 described the

origin of the vascular as well as the connective tissues as taking place in the lower

layer, and forming a special part of the mesoblastic elements under the name of

jiarailastic. Similar views as regards the origin of the blood and vessels from
peripheral blastodermic elements were brought forward by Peremeschko and
maintained by Strieker and others of the Vienna school (Nos. 91 and 93).

In mammals the vesicular form of blastoderm, which results from thei
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holoblastic segmentation of the ovum, seems to determine some modifi-

cation in the mode of formation of the layers. As ah-eady stated, the

completion of the primary segmentation leads to the covering in of the

whole ovum with a layer of flattened nucleated cells, within which.

Fig. 645. Fig. 646.

Fig. 645.

—

Embryonic area from the ovtrji op a rabbit op seven days. Y- (Fi-om

KoUiker.)

2n\ first rudiment of the primitive strecak.

Fig. 646.

—

Embryonic area from the ovum of a rabbit of eight days. y. (From
Kolliker.)

arc/, border of the embiyonic area ; pr, primitive streak with groove.

besides the fluid remains of the original yolk-substance, there is the

inner mass of granular cells or segmental sijheres, which by their further

development and extension come to produce one or more deep or internal

layers, which gradually spreading over the interior give a bilaminar or

trilaminar structure to an increasing area of the blastoderm.

Kg. 64r.

Fig. 647.

—

Embryonic area, with outline of part op the vascular area, from a
rabbit's ovum of seven days °f . (From Kolliker.)

00, vascular area ; ag, embryonic area
; fr, primitive streak and groove ; rf, medullary

groove.

It is in the central part of the blastoderm, at the fifth day in the

rabbit, and when the inner layer has advanced over about half of the

interior, that a discoid thickening or opacity occurs which gives rise to
3 c 2
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the emlryonal area {tache oiihryonnaire of Coste) ; and it is now ascer-

tained by the observations of Hensen, Ivolliker and others, that the first

appearance of the primitive streak and its groove and the commencement
of the medullary cr.nal and vertebral rudiments take place in a manner
essentially the same as in birds. But the same or even a greater degree

of doubt exists in maimiials as in birds as to the mode of origin of the

mesoblast, and there arises also in them the farther question, viz., in

how far the external vesicular layer of cells corresponds precisely to the

later epiblast, as was for some time generally believed to be the case, or

whether the deeper or internal layer of cells may also contribute to the

formation of that layer.

Fi". 648.
Fig. 648.

—

Embryo of the dog seek from above, with
A PORTION OF THE BLASTODERM ATTACHED.

The medullary canal is not yet closed, but shows the

dilatation at the cejjhalic extremity with a partial division

into the three primary cerebral vesicles ; the posterior ex-

tremity shows a rhomboidal enlargement. The cephalic

fold crosses below the middle cerebral vesicle. Six pri-

mordial vertebral divisions are visible; so, the upper
division of the blastoderm ; sf, the lower division, where
they have been cut away from the peripheral parts.

Some part of the difficulty now mentioned has
arisen from the observations of A. Eauber (No. 101),

who in 1875 detected the presence, in addition to two
other layers of the blastodenn in the rabbit, of a thin

layer of flat cells closely adherent to the outer surface,

which he found to have only a temporary existence,

and gradually to disappear in the course of the de-

velopment of the other layers. Lieberkiihn a few
years later (No. 104) showed that the outer layer of
flat cells described by Rauber, which form the whole
of the outer covering of the blastodermic vesicle

resulting from the primary segmentation, is not the
principal source of the permanent epiblast, but that that layer as well as the
hypoblast or lower layer are the product of differentiation of the cells which
form the internal mass of segmentation, spheres or " yolk-rest."

Fig. 649.

Fig. 649.—Two transverse sections through the embryonic area op the rabbit
OP SEVEN DAYS. (From Balfour.)

A, throughithe anterior part of the embryonic area for about half its breadth ; B,
through the posterior part of the primitive streak ; c^, epiblast ; Imj, hypoblast.

KoUiker, who was led by earlier observations on the blastodermic vesicle of
the rabbit to coincide with the views of Eauber as to the transitory natui-e of the
outer layer of flat cells, has more recently (1882) (No. 99, ii.) reviewed the
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\\'hole subject and has described tlie result of renewed observations made on the

rabbit as follows :

—

The embryonal area of the rabbit's blastodermic vesicle consists at the fifth day
of three layers, of which the upper, corresponding to Rauber's flat cells, is the

same with the outer layer of the primitive blastodermic vesicle, while the other

two layers arise by the widening out of the mass of inner cells, and its subsequent

division into two laminee. The outer layer of cells is transitory, and is not the

source of the permanent epiblast, which is formed, as Eauber supposed, from the

ripper of the two internal layers of cells, while the lower of these gives rise to the

hypoblast. After the disappearance of Rauber's cells the blastoderm becomes for

a time distinctly bilaminar, the cells of the upper layer being more regularly set

Fig. 650,

Fig. 650.—A SECTION through part op a bilaminar blastoderm of the cat.
(E. A. S.)

cct., ent., ectoderm, entoderm ; z.^h, thinned out zona pellucida.

and columnar in form ; those of the lower being large and flat, as well described
by Hensen (98) and Schafer (No. 100).

The mesoblast first makes its appearance in the course of the seventh day in
connection with the formation of the primitive streak, and according to KoUiker
is formed entii-ely by proliferation of cells belonging to the epiblastic layer. This
cellular multiplication takes place in an axial plate very similar to that previously
described ia the bird's egg, and the mesoblastic sheet which results extends in the

Fig. 651.

Fig. 651.— Section op trilaminar blastoderm op the rabbit op eight days and
NINE HOURS. (Kolliker.)

ect., ent., as before; ')ncs., mesoderm continuous in middle {pr.) with ectoderm.

same manner forward along with the primitive streak from the margin of the

embryonal area where their development begins.

According to Kolliker the cells of the mesoblast have from a very early period

of their existence a marked spindle and stellate character, and in this respect

differ obviously from those of the epiblast and hypoblast ; and thus the sheet of

new formation is easily recognisable both on surface views and in sections, as it

expands from its median attachment to the axial plate laterally over the surface

of the germiual area. The sheet of mesoblast spreads out at first only to the sides

of the primitive streak and backwards, being widest behind ; but after a time it

also extends fonvards in the form of two lateral plates which spread into the
anterior part of the germinal area, in which previously the blastoderm was only
bilaminar, and finally it passes from the embryonic area into the whole extent of
the surrounding vascular area.

The observations of Heape, made like those of Lieberkiihn upon the blasto-

derm of the mole, confirm those of Kolliker upon the rabbit in so far thnt
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they show the larger portion of the mesoblast to be produced from epiblast in the

axial plate of the primitive streak ; but he is led by his researches also to advo-

cate the view that a portion of the mesoblast is derived from hypoblast in the

anterior region of the embryonal area in the same manner as Balfour holds to be

the case in birds. He is also inclined to believe that the flat cells of Eauber

combine in part with, or are converted into, the upper layer of the prismatic

internal cells to form the epiblast (No. 107).

Fiff. 652.

Fig. 652.

—

Section op the babbit's blastoderm at six days. (From E.

Van Beueden.)

ed., upper layer, or Eauber's cells ; incs., middle layer; ent., lowerl aj'er.

E. Van Beneden takes quite a different view of these phenomena (No. 105).

Not admitting the transitory natui-e of the upper layer as described by Eauber, he
holds that this layer, which is co-extensive with the whole blastodermic vesicle,

becomes the epiblast, that from the more restricted plate of deeper cells

there is first formed a primitive lower layer, and that subsequently there takes

place a separation or differentiation of this into a smaller central intermediate

plate of rounded mesoblastic cells and a wider lower layer of fiat hypoblastic

cells (see fig. 652).

Fig. 653.

Fig. 653.—Ovum of amphioxus in the three stages of blastuia, invagination

and gastrula. (From Haeckel, after Kowalevsky.

)

A. blastuia stage, or single vesicular layer of cells resulting from segmentation ;
B, in-

vagination stage forming two layers ; C, gastrula stage in which a primitive alimentary

cavity is enclosed by a bilaminar blastoderm ; s, segmentation cavity ; pet, outer layer ;

ent, inner layer ; al., primitive alimentary cavity formed by invagination ; h, blastopore.

GENERAL EELATIONS OF THE BLASTODERM TO THE OVUM.

Invagination of the Blastoderm, Gastrsea Theory.—The brilliant discovery

by Kowalevsky in 1867 (No. 83) of the production of a bilaminar condition of the

blastoderm in Amphioxus and some invertebrate animals, by the infolding or in-

vagination of a primary simple cellular blastodermic membrane (blastuia) resulting
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from the primary segmentation, and the attempt of Haeckel (No. 89) which fol-

lowed to show that a somev/hat analogous process is universal throughout all

animals in which the distinction between ectoderm and entoderm exists, gave rise

to an entirely new mode of viewing the relation of the blastoderm to the ovum and
its embryonic development. In the Amphioxus the invagination consists in the

doubling back or inwards of one half of the primary blastodermic vesicle upon
the other, so that the two at last come into contact, by the gradual disappearance

of the intervening cavity. At the same time the double wall thus produced

bends round and converges at the margin of reduplication so as to enclose a new
cavity which communicates with the exterior by a narrow aperture ; this con-

stituting the gastnola form of the developing ovum and embryo. The two
layers forming the wall of this gastrula correspond with ectoderm and entoderm
or the primary outer and inner layers of the blastoderm, and the now contracted

aperture of invagination receives the name of blastopore appropriately given to

it by Eay Lankester (No. 4i). Now although it is very apparent that in the higher

vertebrates, as well as in many of the lower animals, there is no actual infolding

or invagination of the blastoderm such as that now described, yet there are

circumstances connected with the origin of the layers, and their contiauity at

the place where the first traces of the embryo appear, which seem to make it

possible to refer the phenomena of blastodermic and early embryonic develop-

ment to a general principle in some degi'ee consistent with the invagination and
gastraea theories of Kowalevsky and Haeckel.

We cannot in this place enter upon the consideration of this extensive and
difficult subject ; but it may be proper to refer briefly to one or two points in

connection with its history in the higher vertebrates as bearing upon these

theoretical views.

Blastopore and Neurenteric Canal.—We have had occasion more than once

to refer to the existence of the blastopore aperture or indications of it in the

higher vertebrates. The more trustworthy of these indications are to be found
entirely in the primitive streak and its groove, and in certain depressions and
passages through the layers of the blastoderm which have been detected in their

vicinity. It is more immediately in the space between the hinder extremity of the

notochord and primitive medullary canal and the fore part of the primitive streak

that in birds and reptiles the deepest aperture has been observed, in the form
of a downward passage, which comes to be established some time after the forma-

tion of the mesoblast and protovertebral somites, and which leads from the

exterior or from the hinder part of the still open medullary canal into the

archenteron or primitive alimentary cavity round the hinder extremity of the

notochord, and to which the name of neurenteric canal is given. The fact that

the fii'st development of a primitive trace takes place in all vertebrated animals

at the margin, and not, as was formerly held, for the higher- tribes, in the centre

of the germinal area, affords some explanation of the veiy obscure relation

subsisting between the outer and inner primary layers of the blastoderm, and
opens up a way for the application of the theory of invagination to the early

phenomena of development in the amniota as well as in the lower vertebrates.

In endeavouring to explain this matter vv^e cannot do better than follow closely

the able exposition of the subject given by Balfour, whose own researches have
done much to demonstrate the applicability of the theory of invagination to the

early development of the higher vertebrates. A careful consideration of the

relations of the jDrimitive trace and its groove to the ovum and earliest

phenomena of develoiDment, its transitory existence as discovered by Dursy in

1867 (No. 90), the occasional perforation of the layers of the blastoderm in a

part of it, and its intimate connection with the origin of the mesoblast, has led

Balfour, and after him several other embryologists, to the view that the i3rimitive

trace is the vestige of a blastopore or aperture of invagination of the blastoderm,

and that its groove and prolongation as a trace arise from the very early and
rapid extension of the blastoderm round these structures.

In illustration of this subject we may refer to the diagram contrived by Balfour,

to show the relations between the medullary groove, the primitive trace, and the

rest of the blastoderm in three different forms of development as presented by
the Amphibia, the Elasmobranchs, and the Amniota.
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We shall suppose that in all the three sets of animals here refen-ed to, the

primitive blastoderm already consists of two layers or groups of cells, Adz., an
external epiblastic, and a deeper or internal set representing the primitive hypo-

blast, and (leaving in the meantime the mesoblast out of view) sui^posing fiuther

that the outer layer or epiblast has to a greater or less extent covered in the

deeper layer, there is seen in A, which represents the frog's ovum, a round spot,

yh, where the inner larger cells or yolk spheres are still exposed, and at ne a

depression where the outer and inner cells are continuous. These together repre-

sent the blastopore or place of invagination ; and it will be seen further that it is

at this point and from it forwards, that is towards the head end of the embryo,

Fig. 654.

Fig. 654. DiAGKAMS ILLUSTRATING THE POSITION OF THE ELASTOPOKB, AND THE RE-

LATION OF THE EMBRYO TO THE YOLK IN VARIOUS MEROBLASTIC VERTEBRATE OVA.

(From Balfour.)

A, type of the Frog ; B, elasmohranch type ; C, amniotic vertebrate ; mg, medullary
plates and groove ; nc, nenrenteric canal ; hi, portion of blastopore adjoining this canal

;

yk, part of yolk not yet enclosed by the blastoderm ; in B and C, hi is the seat of the

primitive streak.

that the medullary canal, mg, is developed. By the extension of the outer layer

the round spot, long known as the anus of Rusconi, is covered gradually over by
the epiblast, and the aperture of invagination reduced in size, is finally closed

;

the neurenteric canal being left, however, for a time more deeply. The permanent
anus is of later formation.

In the elasmohranch. fishes (B), of which the ovum is meroblastic, the

blastoderm is seen to have extended only a certain way over the yolk, but in

such a manner as to involve or surround the blastopore aperture, which may be
supposed to have been previously marginal or at the union of the outer and
inner blastodermic layers, and thus to give rise to a prolongation of the aperture

in the form of a groove, hi, by the meeting of the blastoderm from the two sides.

In the amniota, C, the separation of the embryonic area still further from the
margin of the blastoderm is effected by the rapid extension of the latter beyond
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tlie aperture of invag-ination, and thus the blastopore and its prolongation as a

primitive trace and groove are brought more fully within the embryonic area,

while the medullary groove stands in the same relation as in the lower animals.

It will be seen, however, that the first indication of the primitive trace even in

the amniota arises marginally, and it is probable therefore that it essentially

corresponds in position with that of the lower vertebrates.

From this it appears that the first traces of embryonic formation in these

several groups of animals stand in a constant and determinate relation to the

blastopore, or if we do not go so far as to admit the occurrence of actual invagi-

nation, to the place of continuity between the upper and lower primary layers of

the blastoderm, and to the seat of primary differentiation of the principal part of

the mesoblast.

Fig. 655.

Fig. 655.

—

^Diagrammatic LoNoiTrrDiNAL Sections of Elasmobranch Embryo and
Blastodekji. (From Balfour.)

A, younger stage with two primary layers ; B, more advanced stage with three layers

and invagination at the hinder end of the embryo ; C, still more advanced ; the embryo
raised from the blastoderm with neural and primitive alimentary canals and neurenteric

comimunication between them.
ep, epiblast ; in, mesoblast ; x, epiblast continuous with hypoblast ; nc, neural canal

;

ch, notochord ; al, ahmentary cavity ; srj, segmentation cavity ; n, nuclei of the yolk.

It may be proper to make mention here c f the remarkable observation by B.
Van Beneden of the existence of a small aperture or deficiency in the external
layer of cells on that side of the rabbit's ovum where the inner cells or segmental
spheres (forming the yolk-rest) adhere to the outer, which appeared to him
to have the effect of establishing continuity between the outer and inner layers

of the blastoderm in the manner of a blastopore. But there are difficulties in the
way of reconcUuig this view of a mammiferous blastopore with those of Balfour
and others on this subject as founded on the observation of invagination in

the lower vei-tebrates. (See No. 75.)

The existence of a neurenteric canal or blastopore in birds was discovered by
Crasser in 1879 (No. 103), and has been confirmed by Balfour and Braun ; and
from these observations it appears that it is subject to some variation in position,

and extent in that class of animals.
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This discovery was extended to the class of Eeptiles (Lizards) by Kupffer and
Beneckoin 1879 (No. 112), and confirmed by original observations by Balfour ; and
a fm-ther series of researches by Kxipffer (No. 113) ui the present year, have shown
that the netirenteric canal exists in Ophidia and Chelonia.

We owe to Hensen the first clear account of the development of the primitive
streak in mammals (rabbit), and his observations have been ably followed
np by KoUiker. The observations of Schafer on the early blastoderm of the
guinea-pig have shown more clearly the connection subsisting between the lower

Fig. 656.

nc ("jP

Fig. 656.—DiAGRAJiJiATic LoNOiTUDiNAL SECTION OF AN EjiERYO OP Lacerta. (From
Balfour.

)

PX>, tody cavity ; am, amnion fold ; nc, neurenteric canal ; ch, notochord ; Tiy, hypo-
blast ; ej), epiblast of the medullary plate ; 'pr, primitive streak. In the primitive

streak all the layers are partially fused.

layer in the medullary or embryonic region and the epiblast and mesoblast in tile

anterior extremity of the primitive streak, and according to Balfour a comparison

of this with the conditions observed in reptiles and birds leaves little doubt that

this union may be looked upon as the dorsal lip of a blastopore. In the mole (and
partially also in the rabbit) Heape has ascertained the existence of a nerurenteric

canal similar to that observed in other vertebrates (No. 107). This appears first

as a pit at the anterior extremity of the primitive streak, and in later stages per-

forates the floor of the hinder end of the medullary groove. A. Fraser also has
seen the neurenteric canal in the rat.

Direction of the Embryonic Axis.—It is well known that in the common
fowl and other birds the line of the primitive streak continued through the

Fig. 657.

Fig. 657.

—

Outlines showing the relation of the axis of the embsto to the ovuji

IN birds and MAM3IALS. (A.T.)

A, FoTv-l's egg opened after 35 hours' incubation, showing the embryo chick within the
transparent and vascular area on the surface of the yolk ; at right angles to the long axis

of the egg ; B & C, two early stages of development in the ovum of the dog, showing
the primitive streak (in B) and the commencing embryo (in C) ; the line of the uterine
tube and long diameter of the ovum being at right angles to the vertebral axis of the
embryo.
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medTillary groove wliich represents the vertebral axis of the embryo is during the

fiust two days of iacnbation always placed at right angles to the long axis of the

egg, and in a determinate position, so that if one looks down upon the germinal
area in an incubated egg the small end of which is placed towards the right

hand, the cephalic extremity of the embryo is directed forwards, and the caudal
extremity and primitive streak backwards.

There is some reason to believe that the line of the first cleavage of the
germinal area may be the same with that of the first embryonic axis as now
described both in bii'ds and amphibia, but this is not fully known. It deserves to

be noted, however, that the position of the cicatricula in the yolk or ovarian egg
is also fixed, being invariably close to the pedicle of the ovicapsule, and all this

seems to indicate some constant relation between the position of the egg, the

mode of cleavage, and the attitude of the first lineaments of the embryo.

In mammals also numerous observations show that the axial line of the embryo
is constant, and is placed so as to cross the long axis of the uteiais, as may be

seen in the dog, pig, sheep, rabbit, rat and guinea-pig. But in both mammals
and birds this first determinate position is soon lost, and a more variable one is

assumed by the embryo when its development has advanced so as to separate the

body from the rest of the blastoderm by an umbilical constriction. The cause

of these relations of position is still entirely unknown.

III. SPECIAL HISTORY OP THE DEVELOPMEISTT OP
THE OVUM.

In the ova of the higher vertebrates the phenomena of development
fall natm^ally into two groups, according as—1st, they occur in parts

belonging strictly to the body of the future embryo, and are therefore

embryonic ; or 2nd, they are connected with the production of parts which
being situated external to the body of the embryo may be regarded as

accessory and called extraembryonic. We shall begin with the second of

these divisions as affording a convenient opportunity of explaining some
general relations of connection between the embryo and the other parts

of the developing ovum.

I. DEVELOPMENT OF EXTEAEMBEYOl!^IC PARTS.

Membranes of the Ovum in General.—In the three higher classes

of vertebrates the extraembryonic structures consist of the membranes
named yolk-sac, amnion and allantois ; and to these may be added a

fourth, existing only in maimnals, and which may best be named the

chorion. We shall first state the most general facts as to the develop-

ment of the membranes ; and then in connection with human utero-

gestation describe the formation of the placenta, which is the organic

medium of connection between the ovum with its embryo and the

maternal uterus.

It is to be noted that this description will not apply to many of the phenomena
observed in the exceptional forms in the guinea-pig, rat and mouse.

The Yolk-sac.—This name is given to an organised and vascular

covering foi'med by the extension of the layers of the blastoderm over

the surface of the yolk, and existing in- all vertebrate animals.

The yolk-sac is the seat of the first circulation of the blood in the

vitelline or omphalo-mesenteric vessels of its vascular area, and in

oviparous animals especially these vessels spread at a later period over

the whole surface of the yolk in the inembrane which forms the sac.

In birds the food-material of the yolk is absorbed by these vessels and
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conveyed by them as nourishment into the system of the embryo, through

a special structural arrangement of the membrane, which is thrown into

folds and beset with tufted groups of cells surrounding the vessels of its

interior. (Courty, in Ann. d. Sc. JSTat. 1844.)

In mammals as in birds the vascular area spreads over the surface of

the yolk, but does not in all cover it entirely. In some the yolk-sac

grows with the embryo and other parts of the ovum to a large propor-

tional size, Avhich it retains up to an advanced stage of development,

while in others its growth ceases at an early period, and this is followed

in some by the atrophy and complete disappearance of the yolk. The
cavity of the yolk-sac is in most occupied chietiy by a coagulable fluid

without the peculiar yolk corpuscles which belong to the yolk-substance

of birds and reptiles.

The differences which are observed in the extent of development of

Fig. 658.

Fig. 658.

—

Vertical sections of an incubated fq-wl's egg, longitudinally and
TKANSYERSELY, AT THE THIRD DAT.

The figure is diagrammatic and is intended to show the early relations of the membranes
to the embryo and rest of the egg. The parts of the embryo and those near it are

represented as proportionally larger than natural. A, longitudinally in the egg, and
across the embryo ; B, across the egg and longitudinally in the embryo; sli, shell and
external covering of the egg ; sp, air space at the larger end ; y, the yolk i)artially covered

by the spreading layers of the blastoderm, viz. , ep, epiblast, Jiy, hypoblast, and me, visceral

mesoblast as fai- as the vascular area extends ; vm, vitelline membrane ; iy, space occupied by
the albumen of the egg ; c, the embryo (shaded dark) consisting of its meduUaiy and pro-

tovertebral axis, and partially surrounded by the commencing folds of the amnion in con-

nection with epiblast {ep) ; i, the place of communication of the primitive intestine

with the yolk-sac. For the sake of clearness the parietal mesoblast has been omitted.

the yolk-sac and its blood-vessels may be traced to differences in their

relation to the chorion in utero-gestation. In rodentia, and to some
extent also in insectivora and cheiroptera, it comes into contact or union
with the non-placental part of the chorion, and famishes blood-vessels to

that membraiTe. In ruminants it is very soon drawn out into two at-

tenuated tubes which extend towards the ends of the greatly-elongated

ovum . In carnivora it is of considerable size, stretching through the ovion

towards its opposite poles, but without vascular union with the chorion.

In the hmnan species the yolk-sac, which is also named the umbilical

vesicle, retains its vascularity for a short time, and continues to grow up
to the fifth or sixth week, at which time it has assumed a pyiiform

shape, and is connected by a tubular ^-itelline duct with the mtestine.
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In an ovum of from five to six Aveeks it is about a quarter of

an inch in diameter, and lies loosely in the space between the amnion
and chorion. At a later period, the duct elongating with the umbilical

cord, the yesicle remains flattened and atrophied in the same relation to

these membranes as before. In the third month its duct is found con-

nected with a coil of intestine which in the form of a hernia occupies

the umbilical cord outside the abdomen of the embryo (see fig. 789,

p. 882). At a later period the much elongated and attenuated duct

with the vitelline "^'essels, now shrunk and impervious, may still be traced

through the umbilical cord, while the flattened vesicle may be found even

up to the end of the term of uterogestation.

The Amnion.—This vesicular covering of the embryo does not exist

in amphibia or fishes, but is present in all reptiles, birds, and mammals^

Fig. 659.—DiAGEAMMATIC OUTLINES OF LON- Fig. 659.

GITUDINAL SECTIONS OP THE EJIBRTO-

CHICK AT SUCCESSIVE PERIODS DURING
THE E0R3IATI0N OP THE MEMBRANES.
(A. T.)

A, at the beginning, B, towards the end
of the second day of incubation ; C, on the

third day ; D, on the fourth day, showing
also a section of the whole egg. In
all these figures the embryo and the

neighbouring inflections of the membranes
are represented proi^ortionally larger than
natural. The dark-shaded part indicates

the embryo : ep, epiblast ; hy, hypoblast

;

(for the sake of clearness the mesoblastic

folds accompanying these arenotrepresented).

In A, the cephalic fold of the amnion has
begun ; in B, it has increased, and the caudal

fold has commenced ; in C, the two folds ap-

proach one another, leaving the amnion still

open dorsally ; in D, the outer fold or false

amnion has separated from the inner or true

amnion which is now complete
;
ys, the cavity

of the yolk being gradually surrounded by the

yolk-sac formed of all the three layers of the
blastoderm, and communicating at i, with
the alimentary canal ; al, in D, shows the

allantois beginning to expand from the in-

testine; inC, it is just beginning to appear.

which are hence named Amniota. It begins to be formed at an early

stage of development, and subsequently becomes distended by a fluid in

which the embryo floats and is attached by means of the umbilical cord
to its amniotic enclosure.

The structure and mode of formation of the amnion are essentially

similar in the three classes of animals in which it exists. It generally

consists of two layers, derived respectively, the inner from the epiblast,

and the outer from the parietal layer of the mesoblast ; the first formed
of distinct nucleated cells, the second presenting in later stages a fibrous

structure. The external layer possesses considerable muscular contractility

and in some animals is partially vascular.

The formation of the amnion takes place by the gradual inflection in
a dorsal direction from the flat part of the blastoderm adjoining the
embryo of the two layers before mentioned, flrst at the cephalic, and
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somewhat later at the caudal extremity and at the sides (see fig. 659, A, B,

C and D), so that the two layers of which the amnion is composed are

lifted up and separated from the remaining two lower layers (visceral

mesoblast and hypoblast) of the blastoderm, by a space which is a

peripheral extension of the pleuro-peritoneal cavity. The embryo thus

conies to sink into a hollow produced by the rising of the amniotic folds

round it. The backward folds deepening more and more, gradually

converge on the dorsum of the embryo, and at last come together, the

margins of the reflection narrowing rapidly and being finally completely

obliterated or lost by their convergence and by the subsequent dissociation

of the inner from the outer divisions of the folds (fig. 659, D). The
separated inner division now becomes the entire closed sac of the

amnion, connected only with the rest of the parts at the umbilical con-

striction where it is continuous with the integument of the embryo. The
outer dissociated division is the false amnion of Pander and Von Baer,

passing out into the peripheral part of the blastoderm, and constituting

for a time an external covering of the ovum, which in birds and reptiles

appears afterwards to be lost by thinning or absorption ; but which in

mammals is probably connected with the development of the permanent
chorion in a manner to be referred to hereafter.

In birds at a more advanced stage of incubation the true or enclosed

amnion is surrounded externally by the expanded allantois. In mam-
mals its relations vary somewhat according to the nature and extent

of the proportional development of the yolk-sac and allantois. In the

advanced stage of the development of the human ovum the amnion is to

a great extent in contact with the interior of the chorion ; but its origin

and formation do not differ materially from those of animals.

In the human embryo, as in that of most animals, the amnion is at

first and for some time after its completion very close to the surface of

the body, but after a time, corresponding to the fourth day of incubation

in the chick and the fourth or fifth week of gestation in man, the in-

creased accumulation of fluid within the amnion expands the membrane
rapidly so as to remove it to a considerable distance from the embryo.

The muscular contractility of the amnion doubtless resides in its outer

layer derived from the parietal mesoblast. The contractions appear to

be rhythmic, and they may be seen in the opened incubated egg of the

fowl, or even in the entire Qgg, by means of a bright light in a dark

chamber, from the sixth or seventh day of incubation ; and it is probable

that they are of a similar nature in mammals.
The human amniotic fluid contains about 1 per cent, of solid matter,

consisting chiefly of albumen, with traces of urea, which is probably

derived from the urinary secretion of the foetus.

It AYOuld appear that there is a difference in the structure of the re-

flected or false amnion in birds and in mammals. In the former it is

composed of the same two layers as the amnion itself, their position

being reversed, but in mammals the development of the mesoblast

appears to cease at the place of reflection of the true into the false

amnion, so that the latter consists only of the epiblast.

The Allantois.—This membrane, sometimes also called urinary

vesicle, exists as a foetal structure in all the amniota, but not in fishes or

amphibia ; and yet in the latter animals a corresponding vesicle is de-

veloped in the adult. In reptiles, birds, and mammals it originates at a

very early period as a diverticulmn from the hinder part of the primitive
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intestine, but there are great differences in the degree and rate of its

extension, a rapid and wide expansion occurring in some, while in

others it remains of comparatively small size. It is the seat of an
extended distribution of ramified and capillary blood-vessels which

perform important functions in connection with the nutrition of the

embryo and the aeration of its blood.

The allantois at its origin consists essentially of a thickened bulging

portion of the visceral mesoblast, and a corresponding extension of the

intestinal hypoblast within ; and from recent researches in reptiles

(Kupffer No. 113) would appear to have close relations with the neuren-

teric canal. The capillary network of commencing blood-vessels makes
its appearance in its mesoblastic layer at a very early stage, and these

become connected with the main vessels of the embryo by means of two

Fig. 660.

—

Enlarged diagrammatic outline of a LONGiirDiNAL vertical section op
THE CHICK AND NEIGHBOURING PARTS OF THE BLASTODERM ON THE FOURTH DAY.

(A. T.)

C's, epiblast ; sm, parietal mesoblast, together forming the somatic plate ; Tiy, hypo-

blast ; vm, visceral mesoblast, together forming the visceral plate ; of, cephalic fold
;

pf, caudal fold of the amnion ; am, cavity of the true amnion
;

ys, yolk-sac,

leading by vi, the vitello-intestinal aperture to i, the intestine ; s, the stomach and
gullet ; a, the futiu-e anus still closed ; m, the buccal cavity or mouth formed in

epiblast and still closed from the pharynx at the fauces, which are not sho\\Ti ; me, the

mesentery ; al, the allantoid vesicle communicating by its pedicle with the hinder intes-

tine
; pp, the space between the outer and inner folds of the amnion, which is an exten-

.sion of the body cavity or pleuro-peritoneal space within the embryo between ths parietal

and visceral mesoblasts. The shaded part of the figure represents the head and trunk of

the embryo in which the eye and the jaws with the branchial bars and clefts are indicated.

The epiblast and hypoblast are drawn with entire lines, the parietal mesoblast with an in-

terrupted and the visceral mesoblast with a dotted line.

arteries and two veins. The allantoic arteries are at first separate

branches of the two primary divisions of the abdominal aorta, and subse-

quently, Avhen the two aortas coalesce, they are derived from the hypo-
gastric arteries, and have been called umbilical. The two retmiiing

vessels or allantoic veins pass into connection with the principal veins of

the yolk-sac, and mth them form the umbilical veins. The name of

allantoic suggested by Balfour is preferable to that of mnbilical for the
vessels of the allantois.

The allantoid diverticulmn soon takes the form of a flask-like

vesicle, connected with the intestine by a narrow pedicle, as may be well

seen in the chick on the fourth day, and in the embryo of the rabbit
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or dog at a coiTcsponding- period. In all birds, as also in reptiles, it
undergoes rajiid dilatation and extension, and its inner hypoblastic
portion being filled with fluid, and the doubled membrane flattening
out in the space which intervenes between the parietal and -\asceral
mesoblast, as far as is allowed by the separation of these two layers, viz.,
to the margin of the vascular area of the yolk, it follows the gradual ex-
tension of that area over the surface of the yolk ; and finally, as the
albumen gives place by its absorption into the yolk cavity, the allantois
comes to occupy more and more of the mtermesoblastic interval, and to
fill the whole space between the aimiion and yolk-sac on the one hand
and the lining membrane of the egg shell on the other.
The allantoic blood-vessels are distributed both in its internal and ex-

ternal folds, but form a richer network on the latter, and there they

Fig. 661. Fig. 661. DiAGRAJIMATIC
outline of a longitu-
dinal section of the
fowl's egg about the
midple of incubation.
(A.T.)

'
sh, the shell and its mem-

brane ; sp, the airspace much
enlarged ; am, the amnion
with the enclosed embryo no-w

placed towards the large end
of the egg and air space

;
ys,

the yolk and yolk-sac ; al,

the allantois expanded as a
doubled vesicular membrane
over a considerable part of

the internal surface of the
egg ; al', in dotted lines in-

dicates the manner in which its expanding folds will ultimately meet and coYer the
whole of the deeper parts ; w, the hardened remains of the white or albumen which
towards the end of incubation lie between the yolk-sac and the allantois.

exhibit in the arteries and vems a marked difference of colour which
indicates the action of the air upon the blood through the egg-coverings

analogous to that of a respiratory organ.

It is also worthy of notice that from the time when the allantois has
attained some size, it, like the amnion, is possessed of contractility, which
resides in its mesoblastic layer ; and accordingly on opening an incubated

egg, from the effect of change of temperature or other stimuli, active

motions may be perceived, caused by the alternate contraction and re-

laxation of different parts of the membrane.
In some of the mammalia the origin and early development of the

allantois is nearly the same as in birds, but in a more advanced stage of

development the relations of this membrane to the other parts of the

ovum are greatly modified by its combination with the chorion, more
especially in the region of the placenta.

In most mammals the external or mesoblastic lamina of the allantois

undergoes greater extension than the inner hypoblastic sac, and this is

remarkably the case in the human subject, in which it is still doubtful

whether any internal vesicle is present beyond the limits of the umbilical

cord. In the hmnan ovum the external or mesoblastic vascular element

probably spreads at a very early period over the whole interior of the

chorion (placental and non-placental parts), while the internal or hypo-
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blastio vesicle either shrinks and atrophies at a very early period or is

comparatively small and has never reached the interior of the chorion.

This subject will again be referred to in the accomit of hiunan ntero-

gestation.

Fig, 662.

"^^^^innr^^^^

Fig. 662.

—

Diagrammatic skctions op the mammiferous ovum in different stages

OF DEVELOPMENT TO SHOW THE PROGRESS OF FORMATION OF THE MEMBRANES.
(From KoUiker.

)

1. Ovum in which the chorion has begun to be formed, with tlie blastoderm and radi-

ment of the embryo within. 2. Ovum in which the cephalic and caudal folds have con-,

tracted the umbilical aperture towards the yolk-sac, and the amniotic folds are turning

towards the dorsal aspect. 3. The amniotic folds being completed have met in the dorsal

region ; the iimbilical opening is more contracted, and the allantois has begiin to sprout.

4. The true amnion is detached from the reflected or false amnion which has disappeared

or combined with the chorion ; the cavity of the amnion is more distended ; the yolk-sac

is now jjediculated, the allantois projects into the siDace between amnion, chorion, and
yolk-sac, and the villi of the chorion begin to ramify.

d, external membrane or primitive chorion ; d', commencing villi of the chorion ; s7i,

subzonal membrane or chorion ; sz, villi of the chorion more advanced ; am, amnion ; ak,

its ca-^ity ; ks, cephalic fold ; ss, caudal fold of the amnion ; a, the embryonal rndiment
in the epiblast ; m, that in the hypoblast, and m', in the mesoblast ; st, margin of

the vascular area in its early stages ; dd, hypoblast ; kh, hollow of the vesicular blasto-

derm, becoming afterwards ds, the hollow of the yolk-sac ; dg, ductus vitello-intestinalis

;

al, allantois ; e, embryo ; ?•, original space between amnion and chorion ; vl, wall of the

thorax in the region of the lieart ; hh, pericardial cavity.

The urinary bladder of mammals is produced by a dilatation in the

pedicle of the allantois near the cloaca and within the body of the

embryo. The urachus is the tubular extension of the walls of the

bladder towards and in part through the mnbilicus to join the allantois,

VOL. II. 3 D
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but the extent to which its hollow is prolonged varies greatly among
animals, and in the hmnan embryo this does not in general pass beyond
the root of the umbilical cord.

The Chorion.—Under this name there has been long known in

human embryology a most characteristic but rather complex membrane
which surrounds the ovum from the earliest period at which it has been
observed within the cavity of the uterus, and which probably begins to

be formed about the ninth or tenth day after conception. This is the

villous or shaggy vascular chorion, a part of which takes an important

share by its further development in the formation of the foetal portion of

the placenta, while the remainder may be recognised as persistent during

the whole of uterogestation.

An external covering of the ovum having a very similar origin and
structure, and with analogous relations to the other parts, exists for a

time in all mammals, and though in many less developed and less per-

sistent than in the human ovmn, still deserves the same name.

The mammiferous ovum when it enters the uterus has still a covering

from the ovarian zona pellucida, but in the rapid expansion which
the blastodermic vesicle undergoes within the first or second day after

the completion of the segmenting process, the zona seems either to be
much attenuated and finally lost, or may possibly be combined with the

outer layer of the blastoderm, which then surrounds the whole ovum.
In some animals, such as the rabbit, dog, and cat, and the same is pro-

bably the case in man, previous to the appearance of any trace of the

embryo, but when an embryonic area may have been formed, villi begin

to project from the surface of the ovum, and from the primitive cellular

s-tructure of the villi it is almost certain that they proceed from the

outer layer of the blastodermic vesicle, to which therefore must be mainly
attributed the first origin of the chorion. These villi extend over a

large portion of the surface, perhaps only excepting the embryonic area

and a part of the ovum where it is not in contact with the uterine

wall. They are at first destitute of blood-vessels and are of simple

cellular structure. They soon become pervaded in their interior by
connective fibro-nuclear tissue derived from the mesoblast, which
extends itself below the primitive epiblast. Some time later or after

the development of the vascular membranes of the yolk and allantois,

and after the completion of the fold of the amnion and the separation

of the false amnion, the villi acquire blood-vessels which penetrate the

connective tissue of their interior, and are in some animals wholly, in

others partially derived from those of the allantois ; in the latter case,

as before stated, the chorion receives blood-vessels also from the yolk-sac.

In birds the separation of the parietal and visceral mesoblast, and
the intervention of the allantois between them, leads to the formation

of an external membrane, composed of epiblast and parietal mesoblast,

which lies close to the outer covering of the egg ; but this membrane
afterwards unites with the visceral mesoblastic layer of the allantois and
thus loses its independence.

In mammals, however, this external membrane formed of the false

amnion and its peripheral continuation in the blastodermic vesicle consti-

tutes the basis of the chorion, and is the same as that to which Turner
proposes to give the name of suhzonal membrane.

The further history of the development of the chorion will be given
in connection with the formation and structure of the placenta, but
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previously to entering upon that subject, it will be proper at this place

to give some account of the early development of the human ovum and
embryo.

HUMAN TTa?EE,OGESTATION.

1. Early Stages of the Human Ovum.—Great obstacles have

stood in the way of the study of the earlier stages of the development

of the human embryo and its membranes from the extreme rarity of

the opportunities for observing the ovum in perfectly natural conditions

within the uterus after death, and from the frequency of abnormal

changes in aborted products in the first two months of pregnancy.

"Within the last few years, however, some important contributions have
been made to the knowledge of this subject, among which is deserving

of special notice the elaborate Monograph, by Professor His, in which
much new information is supplied and the first systematic attempt has

been made to investigate the human embryo by the method of sections

(Xo. 132, 1880-82).

The impregnated ovum has never been detected in the course of its

descent through the Fallopian tubes of the human female. From the

analogy of animals and some observations on the changes in the uterus

it is believed that the human ovum may arrive in that cavity at the

seventh or eighth day after impregnation, but although instances are

recorded in which at the eighth day a delicate vesicular body was found

partially imbedded in the inner wall of the uterus, which from the pro-

bability of impregnation having taken place might possibly be an ovum,
yet these bodies were not observed with sufl&cient accm'acy to determine

then' nature, and it does not appear that the human ovum has been with

certainty distinguished in the uterus before the tenth or twelfth day.

In a certain number of such observations the ova were found to

have attained the size of a small pea or nearly a quarter of an inch in

diameter, and were akeady more or less beset -^dth villi on the outer

Fig. 663.

—

Front and sibe views of an early Fig. 663.

HUMAN OVUM FOUR TIMES THE NATURAL SIZE

(from Eeichert). ^ B
Tliis ovum is supposed to be of thirteen days

*\'''.'i'r// » fi.

after impregnation. The surface bare of villi is AimlWiliW^y. )v|§fe
that next the wall of the uterus, showing at e,

^sm^mM^^^y^^- /^xb'iJ's^

the opacity produced by the thickened em-
bryonic disc. The villi covered chiefly the

marginal jjarts of the surface.

surface of the chorion ; no embryo
was to be seen in these cases, nor such
a strucfcm'e of the membranes as to

make it probable that the process of embryonic development had made
any advance.

One case of this kind deserves especial notice from the very favourable
circumstances under which it was examined (Reichert, 1873, No. 125).
It was found in the uterus of a woman who committed suicide, and
from the facts known as to her history it was beheved by Eeichert to
be of twelve or thirteen days after conception. Its largest diameter was
.0-5 mm. Its shape was that of a flattened spheroid, and the simple villi

which partiaUy beset its surface extended mainly over the equatorial
margins, and left the two flatter surfaces bare to the extent of 2-5 nun.,

3 D 2
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or ^th of an inch. No traces were anywhere to be detected of an
embryo ; but the membrane of the OTum from which the villosities

sprang was of celkilar structure, and in the middle of the smooth part,,

turned towards the uterus, there Avas an opaque spot which might be
taken for an embryonic area, and which presented internally a thin
layer of finely granular nucleated cells. The ovum lay on the inside of
the posterior surface of the uterus near the upper border, imbedded in
the thickened mucous membrane or decidua, and having a thin coveriug*

of the same substance, which Avith the included ovum, formed a rounded
jDrojection into the cavity of the uterus.

It may be doubtful how far the process of development had advanced

Fig. 665.

Fig. 664.

—

Human ovum of 12 to 13 days (from Allen Tliomson).

1. The oviini of the natural size with simply villous chorion.

2. The same opened and magnified seven times. The lai'ge yolk-sac is seen with the

embryo seen sidewise lying flat upon the yolk-sac.

Fig. 665.

—

Human ovum and Embkto op about 14 days (from Allen Thomson).

A. The ovum opened, half the chorion laid to one side and the embryo and yolk-sac

seen in the other ; natural size.

B. The embryo and yolk-sac viewed from the dorsal aspect, magnified about ten times

;

a, yolk-sac ; b, hind brain portion ; here for a space the medullary canal is closed ; c,

the mid-brain open superiorly ; d, hinder part of the medullary canal also open ; e,

portion of membrane, perhaps belonging to the torn amnion.

in this ovum, but supposing Eeichert to be correct in holding that no
parte of the embryo had yet been formed, it would appear that in the

human embryo villi may be developed from the blastoderm, as occurs

in some animals, previous to the formation of a reflected amnion.

A somewhat similar case Avas observed by T. Wharton Jones (No. 118),

in Avhicli also the side next the uterus was devoid of villi and there was
no appearance of an embryo. Another instance observed by Breuss

presented nearly the same phenomena. (No. 126).

The first appearance of the hmnan embryo as a primitive trace, or AA'itli

a simple medullary groove, has not been obserA'ed. Among the earliest

human ova in which features of embryonic structure are distinctly recog-

nisable are tAvo first described by the A\T.iter of this section in 1839 (No.

119), and another described by His (No. 132), which may have been

even of a slightly earher date.

In this stage the embryo, which consists almost entirely of its

primary axial parts, lies prone on the sm-face of the yolk-sac, after the
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manner of a chick on the second day or the rabbit on the tenth. The
heart exists, and doubtless a yascular area on the surface of the yolk-

sac, though not fully observed, was ah'eady the seat of the first circula-

tion. From the researches of His it seems probable that in the two

Fig. 666.

ch-—

mn

Fig. ^'o^.—Thkee early human ejibrtoes (from Balfour after His).

A. An embryo of less tlian fourteen clays, described by His. am, amnion ; nm, um-
bilical vesicle ; cli, chorion to which the embryo is attached by a stalk.

B. Embryo of about fourteen days, described by Allen Thomson. %im, umbilical

vesicle ; md, medullary groove.

C. Embryo of sixteen or eighteen days, described by His. iim, umbilical vesicle.

first mentioned specimens, the amnion, although imperfectly observed

nevertheless already existed, but had been accidentally destroyed, and His
is of opinion that in these and other similar cases the allantois, which
in the human o\T.im is undoubtedly formed at a very early period, had

Fig. 667.

—

Human embryo of 15—18

DAYS, \yiTH YOLK-SAC, AMNION AND
UMBILICAL PEDICLE. Magnified (from

Kolliker after Coste).

0, aortic bulb ; c', heart ; d, margin of the

wide abdominal opening ; e, (Esophagus ;

f, branchial arches ;
?', hind-gut ; n, m,

vitelline vessels ; o, yolk-sac, its vessels

not fullyrepresented; u, stalk of allantois;

rt, allantois with distinct vessels form-

ing a short umbilical cord united to

chorion ; v, amnion ; ah, its cavity ; ch,

chorion.

already grown out from the hinder

part of the body of the embryo
so as to become attached to the

interior of the chorion, as illus-

trated by the accompanying dia-

gram. (Fig. 670.) ~z ' ^
Somewhat more advanced than --'

the foregoing is the ovum well ^ ^^

'

described by Coste (No. 22, iii.),
'' '''''*"

which was probably of from
fifteen to eighteen days, and of which the whole diameter was Id mm.,
or fully half an inch. The embryo, of 4*4 mm. in length, lay upon a

vitelline sack at one side of the cavity within the chorion, and was there

fixed by an umbihcal cord to the interior of that membrane, while iv
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distinct amnion enveloped its other side. The parts of the heart with

the pericardium were distinctly recognisable, as well as several other

points of structm'e belonging to the embryo, which will be referred to

at a later period. The cephalic portion of the intestine was formed and
enclosed, but the larger hinder part was no more than a groove opening

widely into the yolk-sac (fig. 667). The vitelline vessels were distinct

on this last. The chorion was imiformly covered with villi, which
were hollow ; and the vascular layer of the allantois ran inside it with-

out however yet penetrating the villi.

An embryo described by His, marked L in his Monograph, presents

some of the same features. (Fig. 666, A.)

In human ova which may be estimated as approaching the term of

three weeks after conception, the body of the embryo is found to be

curved, the cejjhalic flexure has also taken place, several of the pharyngeal

bars and clefts appear below the cranium, and the communication between.

the intestine and yolk-sac is much reduced in size, though still wide.

Fig. 668. Fig 669.

Fig.

Fig.

668.

—

Outline of human embryo of about three "weeks.

669.

—

Outline of human embryo of about four weeks.

(A.T.)

(A.T.)

am, amnion ; uv, yolk-sac ; al, allantoid pedicle ; ae, anterior extremitj'
; pe, pos-

terior extremity ; 7i, heart.

In the next stage, of which the age may be reckoned as of fully three

Aveeks (see fig. 668), the extremities begin to aj)pear as semi-circular

plates projecting from the lateral ridge of the body. The Wolffian

bodies are formed, the visceral arches are now four in number, including

that of the lower jaw, with the clefts between them, the intestine has

become tubular and the vitello-intestinal communication is diminished in

width. At four weeks (fig. 669) these features are more pronounced, the

yolk-sac is pyriform, its duct is thin and elongated, and the extremities

begin to divide into proximal and middle segments.

In tlie earliest stage at which the human embiyo has been observed, or near

the end of the second week, the symmetrical rudiments of the body lie prone

upon the surface of the yolk-sac enclosed in an amnion and with an allantoid

adhesion to the chorion. In the course of the third week, the midgut becoming
more and more tubular, the head and trunk of the embryo undergoing incuiwa-

tion, and the abdominal walls converging ventrally, the umbilical aperture,

which is at first very wide, contracts and embraces more closely the diminishing

vitelline duct and the allantoid vessels ; and by the sixth week the amnion,
which was at first very close to the body of the embiyo, is separated from it hj
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the increase of the amniotic fluid, and the umbilical attachment begins to

elongate into a cord over which the amnion is inflected.

Up to this time the human embryo presents a remarkable resemblance to that

of most mammals, and also to some extent of bii-ds and reptiles of a corresponding-

stage of development ; but in the period which follows, or from the sixth to the

eighth and still more to the tenth weeks, the changes which it undergoes,

though agreeing in their general natui-e with those which take place in other

animals, are so modified as gradually to bring out the peculiar features which
are characteristic of the human form and type of organisation. Among these

the most marked are the large and early development of the cerebral hemis-

pheres which gives peculiar prominence to the forehead and upper part of the head,

together with the comparative small size of the maxillary and mandibular parts of

the face, the form of the external auricle, and the form and attitude of the limbs.

Fig. 670.Fig. 670.

—

Diagrammatic section of the
EARLY HUMAN OVUM ACCORDING TO HiS.

(From Balfour after His).

Am, amnion ; Nb, umbilical vesicle.

It Avould have been desirable to give

some account at this place of the rate of

progress and the peculiarities of form
and structure belonging to the successive

stages of early growth and development
in the human embryo ; but the want of

space and the paucity of materials for

such an account as would be satisfactory

forbid the attempt for the present, and oblige us to refei the reader to the useful

plates of Erdl (No. 23), and to the important contribution to the subject mado
by His in the second part of his work on the human embryo (No. 132).

Eetuming to the subject of human uterogestation it is to be observed that

the mode in which the connection of the embryo with the chorion is established

Fig. 671.

—

Diagrammatic
OUTLINE OP SECTION OF

HUMAN OVUM AT THREE
WEEKS (A, T.)

Fig. 671.

^C^^

ch, chorion ; ep, epiblast

of reflected amnion ; sm,

parietal mesoblast ; am,
amnion

; ys, yolk-sac ; all,

allantois ; vm, visceral

mesoblast (vascular layer);

hy, hypoblast.

by the allantoid pedicle

and vessels, as well as

the early condition of

the amnion, present

some peculiarities of

which direct observa-

tions have not yet fur-

nished a full explana-

tion, or one which would
bring the phenomena into conformity with the modes of development of the mem-
branes hitherto most familiar to ejnbryologists. But several recent observations

seem to show that important deviations from the better known types of develop-

ment among mammals may still be discovered by future investigations.

The view taken by His (No. 132, I.) that the outer layer of the human allantois

is from a very early period in close proximity to, if not in actual union with the

primitive chorion, would not be inconsistent with what is already known of the

development of the membranes in most animals, if it could be supposed, as seems
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necessary, that the mesoblast of the allantois extends itself in the intemiesoUastic
space, and is therefore at first within a caudal or equivalent fold of the amnion.
It is difficult indeed to conceive how the vascular layer of the allantois could pass
round the whole interior of the chorion, except in a space formed between the
outer and inner folds of the amnion.

Schafer's observations in the guinea pig (No. 100, ii.) and Eraser's in the Rodentia,
sufficiently show how early the vascular layer of the allantois may extend itself

towards the chorion in some tribes of animals, and the researches of His on early
human ova, as well as those of Coste and others go far to prove the early union
in a peculiar manner of the outer layer of this membrane with the chorion.

2. Enclosure of the Ovum in the Uterine Decidua.—It is now
well known that the uterus is prepared for the advent of the ovum by
the increased development of certain parts of its mucous membrane which
give rise to the decidua.

A similar change takes place previous to every menstrual period, but
in case of pregnancy occurring there is no exfoliation of the membrane
such as follows in menstruation, but on the contrary the development of

the decidual elements of the mucous membrane progresses to a much
greater degree. These changes are probably of two kinds, the first

consisting mainly in the increase of the subepithelial cellular elements of

the mucous membrane, together with a dilatation and subsequent atrophy

of parts of the utricular glands, and the other in a great enlargement
and change of structure of the uterine blood-vessels, which together

prepare the way for the formation of the maternal part of the placenta

in the more limited area occupied by that structure.

Embryologists were for long at a loss to understand how the human
ovum, which enters the cavity of the uterus quite free from any redu-

plication of the uterine lining membrane, becomes very soon completely

enclosed, or imapsulated in its substance. Nor have the actual steps

of the incapsulation ever yet been directly observed. But the faller

knowledge of the nature of the change which the lining membrane of

the uterus undergoes before and after the arrival of the ovum in its

cavity, and the closer observation of the nature and relations of the

material by which the ovum is enclosed make it extremely probable that,

as was fii'st suggested by. Sharpey (No. 15, iii., p. 1580), the minute
ovum, on entering the uterine cavity, and possibly being sunk in one of

the depressions which lie between the bulging areas of hypertrophied

mucous membrane, is gradually surrounded by a wall of the decidual

substance, which rising from below encroaches more and more upon
the surface of the o^oim, and comes at last to cover it entirely and
to exclude it from the uterine cavity.

Wlien the ovum has been fully imbedded in the decidua, as at the

third or fourth week, it forms along with the decidua a swelling or projec-

tion within the uterine cavity, on opening which the villous chorion

is found everywhere surrounded by the substance of the decidua ; but

the part of the latter substance which passes over the free smface of the

ovum, or that which is towards the uterine cavity, is thinner and simpler

in its structure than at the place of attaclnnent of the ovmn and in other

parts of the uterine surface ; and its aj)pearance at the most projecting

part or summit, diflFerent from the rest, indicates, by a sort of cicatricial

mark, the place where the substance of the decidua, as it gradually

covered in the ovum, may be supposed to have finally closed.

The decidual thickening of the mucous membrane affects nearly

equally the whole of the lining of the uterine cavity, but towards the os
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iutermim, and across the fundus to the Fallopian tubes, the thickening,

first suddenly and then gradually, decreases, and the membrane assumes
the unaltered condition which is maintained in these passages.

By the changes now described there has become apparent the distinc-

Fig. 672.

Fig. 672.

—

View of the interior op the human gravid uterus at the
TWENTY-FIFTH DAY (from Fane after Coste).

«, uterine wall ; o, villi of the chorion of tlie ovum ; dv, deciclua vera and enlarged

uterine glands ; clr, decidua reflexa, divided round the margin of the ovum, and turned

down so as to expose its pitted surface, which has been removed from the ovum. The

right ovary is divided, and shows in section the plicated condition of the early corpus

luteum.

tion of the three portions of decidua usually recognised, by authors, viz.,

decidua vera, reflexa, and serotina. The first of these is that portion of

the altered membrane which lines the general cavity of the uterus in
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every part except that occupied by the attachment of the ovum ; the

decidua reflexa is that which covers the ovum as it projects into the

uterine cavity, and whicli is continuous with the decidua vera round the

base of the sweUing. The name of decidaia seroUna (or late formed) is

most frequently employed to denote the layer or layers of decidual sub-

stance which intervene between the developed placenta and the uterine

wall outside it ; but by some it has been made to include also the part

of this structure which originally enters into the formation of the

maternal part of the placenta, thus including a placental and a uterine

decidua serotina.

Fig. 673. Fig. 673. — Semi-diagram-
matic OUTLINE OF AN
ANTEEO-POSTERIOR SECTION

OP THE GRAVID UTERUS
AND OVUM OF FIVE -WEEKS

(A.T.).

This drawing is taken from
a very perfect specimen of

the uterus obtained from tlie

body of a woman who died of

cholera in 1849.

a, anterior uterine wall in-

side which was situated the

placental attachment of the

ovum
; p, posterior uterine

wall (the accessory parts being

omitted) ; m, muscular sub-

stance of the wall ; r,

thickened lining membrane
forming decidua vera, and
showing grooves and emi-

nences on its surface and
enlarged glands and vessels

in its substance ; g, the glan-

dular or deep layer ; r, the

decidua reflexa ; u, indicates

the uterine cavity ; s, decidua

serotina ; c, cavity of the

cervix uteri ; cJi , chorion with

its villi, which are more
highly developed on the pla-

cental side ; e, the embryo
enclosed in the amnion, with

the allantoic vessels passing into the placenta, and the umbilical vesicle.

The blood-vessels and the glands of the mucous membrane also un-

dergo great enlargement and modification. The whole of the decidua vera

and the adjoining part of the reflexa are at first penetrated by blood-

vessels derived from those of the uterus, more especially in the latter part

of the second month, when the decidual structure may be considered as

having reached its highest degree of development. After this time the

blood-vessels of the decidua reflexa, and later those of the whole lining

decidua of the uterus, except in the immediate vicinity of the placenta,

shrink and ultimately disappear, so that the membrane formed by the

united decidu^e becomes in the end wholly non-vascular. The same retro-

grade process, leading to atrophy and disappearance, occurs in the blood-

vessels of the chorionic villi by which the decidua reflexa is penetrated,

and, although the viUi themselves never entirely disappear, but may be
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Fig. 674.

traced even in the advanced stages of pregnancy as sparse and slirivelled

irregular arborescent processes, the blood-vessels very soon begin to

shrink and disappear from all the villi which do not form part of the

placental structure. To the changes occurring in the decidua serotina

as connected with the placenta reference will be made further on.

The Placenta.—The general relations of the foetal and maternal

structures of the human placenta are illustrated in an interesting manner

Fig. 674.

—

Ghorioxic viLLrs from the pla-

CENTA AT THE TWELFTH WEEK. ElT-

LARGED 180 DIAMETERS (froin Leishinan

after Ecker).

Erom a to h, the epitlielial covering is left

entire ; from a to a it bas been removed and
the fibrons core with the cai^illary blood-

vessels is shown.

by the study of the different forms

which they present in various orders

of mammals, or as it is called of

their placentation ; but limitation of

space prevents our entering upon any
full account of this subject, and the

reader is referred to the works of

Turner (No. 150, ii.), Ercolani (No.

147, iv.), and other authors.

The general result of recent researches

on the Comparative Anatomy of the pla-

centa may be thus stated. In all mam-
mals, so far as is yet known, excepting

the monotremata and marsupials, the true placental structures consist in the
establishment of a close relation between finely ramified foetal blood-vessels

derived originally from the outer or mesoblastic layer of the allantois, with
minutely or widely distributed blood-vessels belonging to the uterus. Both of

these are originally at least, if not throughout the whole of gestation, accom-
panied and supported by cellular and other constituent elements of the foetal and
maternal structures to which the blood-vessels respectively belong ; as, on the
part of the foetus, the villous ramifications of the chorion, and on the side of the
mother a corresponding development of a part of the lining membrane of the
uterus ; while the uterine glands do not appear to take any direct or important
part in this combination of foetal and maternal elements.

a. Early Bevelopment of the Human Placenta.—The human
placenta and that of the Apes are characterised, 1st, by the fact that

the chorion derives its blood-vessels exclusively from the allantois,

which are ramified in the villi to a very great extent and degree of

minuteness, and, 2nd, by the enormous dilatation of the uterine vessels,

and the very marked changes undergone by the decidual or perivascular

tissue, which give rise to a structure different from that of any other

animal.

All are now nearly agreed on general grounds that some^- combination
of foetal and maternal parts occurs in the formation of the placenta ; but
we are still far ft'om having an exact knowledge of the manner in which
the union is effected. Sufficient observations are in fact wanting to

show in a series the successive conditions of the placenta during the
period of most active change, i.e., from the 5th or 6th week up to the
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middle or end of the third month ; and as the human placenta dilBfers

too widely from that of animals to admit of analogical reasonino-, the
views of authors who have offered explanations of the phenomena must,
to a great extent, be regarded only in the light of more or less probable
conjectures.

Numerous observations, however, would appear to make it extremely
probable, if not actually a demonstrated fact, that an actual imbedding
of a part or the whole of the fostal vihi in the substance of the decidua is

a fimdamental phenomenon in human placental formation (Schroder van
der Kolk (No. 141), Langhans (No. 151, i. and ii.), Leopold (No. 156)),&c.

Fig. 675.

—

Vertical Section through the middle part of the Placenta and the
Uterine Wall (from Farre after Wagner).

T!ie preparation was from a woman -vvlio died in the thirteenth week of gestation : the
lines ti, u, run through the wall of the uterus to the outer surface of the placenta ; d, the

decidua serotina
; p, the tufts of fcetal vascular villi, of which two larger divisions are

separated by decidual septa, as at dp ; f, the placental end of the umbilical cord ; am,
the amnion ; ch, the chorion ; vf, divided fcetal blood-vessels ; v, stems of vascular villi

;

?(•?, uterine sinuses or veins ; a, a, coiled arteries passing into the placenta.

The writer of this section thinks that he has obtained convincing

proof of this imbedding in the specimen represented in fig. G73, as well

as in others of a somewhat more advanced age (7 weeks) ; and, in the

figure referred to, he has indicated the place and manner in which the

imbedding of the villi may be supposed to occur by faint lines in the shaded
space or interval' represented between the tufts of villi and the firmer

decidua in the region of the decidua serotina and the greater j)art of the

reflexa.

Thus the villi become everywhere covered by or brought into close

connection with delicate prolongations of altered decidual tissue, carry-

ing with it loosely the much expanded uterine vessels reduced to the

condition of gigantic capillaries.

But the main difficulty is to determine what afterwards becomes of
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this decidual tissue, and what is the relation of the nascent condition of

the placenta to its fully developed structure ; and here, therefore, the

principal divergence of opinion among authors arises ; some holding, as

KoUiker does, that the maternal elements, after having been combined
with the viUi in the manner before indicated, undergo atrophy and dis-

appear so as to leave the fcetal villi provided only with their chorionic

structures, and thus hanging naked into the maternal blood sinuses
;

and others, such as Ercolani, and in some measm'e also Turner, main-
taining that a part of the maternal structure remains as a permanent
covering of the villi, and that, after the acquisition of these new
maternal elements, the original chorionic epitheliran of the villi has
disappeared in a greater or less degree. The writer is in the meantime
most disposed to give the preference to the view advocated by KoUiker.

In this early process of development of the placenta it will be under-

stood that the fa3tal villi increase rapidly in their number, the complexity

of their ramification, and the penetration of larger and smaller blood-

vessels through all their branches. This development affects at first

.

all the villi of the chorion except those near the most projecting part of

the reflexa ; but in the fourth and fifth weeks the increase in the number
and bulk of the villi becomes much greater on the side next the uterus

Avhere the j)lacenta is about to be formed.

In the decidua serotina, on the other hand, great differences have
become apparent, among which is to be noted its division into two
layers by large spaces which are probably dilated glands. The inner of

these layers, which may be called placental, soon loses its glands entirely,

and the other, the uterine or glandular, retains a considerable amount of

glandular structure.

The maternal blood-vessels of the inner serotina, which at first had
the ordinary characters of the arteries, veins, and capillaries of the lining

membrane of the uterus, become completely altered by the atrophy and
disappearance of the external and middle coats from the larger vessels,

and by the conversion of them all into mde lacunae or gigantic capil-

laries through which the maternal blood continues to flow. These

lacunse retain for a time their epithelial lining, but finally, Avhen the

interpenetration of the foetal and maternal part is complete, the epi-

thelium is lost to view, and is therefore either entirely absorbed, or, as

supposed by some, remains as a delicate or homogeneous covering of the

exterior of the villi.

In the early stages of placental growth the villi show frequent

attachment to each other and to the decidual septa by means of pro-

cesses which appear to consist of a degenerated granular form of the

decidual tissue, and are probably the remains of the imbedding decidua.

The chorionic villi, in becoming imbedded in the decidua, lie first

loosely in groups within honey-comb-like loculi hollowed out of the

chorionic surface of the inner serotina. They undergo the farther

union and imbedding mainly by being overrun by the looser substance of

the decidua, as suj)posed by the writer, and the walls of the loculi formed

of the firmer decidua probably extend themselves in the form of the

septa between the lobes.

In this part of the decidua the glands, which undergo a remarkable

enlargement (see later) in the decidua vera, speedily disappear, and it

is now well ascertained in animals, by the researches of Ercolani and
Turnerj that the foetal villi do not, as was once supposed, penetrate into
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the dilated cavities of the uterine glands, hut are sunk in cryi^ts of the

decidua which lie between the glandular orifices. jSTor is there any
reason to believe that the villi enter the uterine glands in the forma-

tion of the human placenta. On the contrary, the observations of

Schroder van der Kolk, Kolliker, Turner and others are quite opposed

to such a view.

b. Structure of the Advanced Human Placenta.—After the

middle of pregnancy, the placenta forms a large discoid or lenticular mass,

of from four to five inches in its larger diameter and about three-quarters

of an inch in thickness, interposed in a limited space between the fcetal

membranes and the uterus. It presents a foetal and a uterine surface, the

Fig. 676.

Kg. 676. DiAGKAJIMATIC KEPKESEKTATION OP A SECTION OF THE HUMAN PLACENTA NEAR
THE MARGIN AT FIVE OR SIX MONTHS (sliglitly enlarged). (A. T.

)

am, amnion : c7i, chorion
; fi\ stems of fcetal vessels passing into two of the placental

lobes in the villi of which they undergo capillary ramification ; m, muscular wall of the

titerus with divided arteries and veins ; v, decidua vera ; ?•, d. reflexa ; s, decidua
serotina placentalis ; s', d. serotina uterina ; ds, septa of decidua passing from the

serotina between the lobes, branching into their interior, and reacliing the chorion ; in

their bases are seen the maternal coiled arteries and the divided veins ; cs, circular sinus ;

scJi, the subchorionic decidual layer. An attempt is made in this diagram to show the

union between the penetrating processes of reticulated decidua serotina and the villi of the

lobes, the union extending in this, which is a marginal joart of the placenta, as far as the
subchorionic layer of the decidua.

former having implanted into it, usuallynear the middle, the umbilical cord,

containing the allantoic or umbilical vessels, and covered by a tubular pro-

longation of the amnion. The placenta continues to increase in size with
the foetus, and when it has attained its full dimensions, it has a width of

from seven to eight inches, or even more, and a thickness of about one
inch and a quarter. Towards the circumference it ra]3idly thins, where it

becomes continuous with the chorion and decidua. The foetal surface is
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covered by the chorion and amnion, and is traversed by the laro-er divi-

sions of the mnbihcal vessels before they dip into the substance. The
uterine surface shows a subdivision into a number of large lobes, some-
times called cotyledons, which are covered with a layer of decidua serotina

passing over the whole of this surface, and sending septal prolongations

into the placenta between the lobes, which may be traced in some places

as far as the foetal surface.

The more uniform parenchyma of the placenta within these lobes,

which to the naked eye presents the appearance of a minutely divided

sponge, consists in greatest part of highly-developed and complicated

tufts of foetal villi which adhere to the chorion by vascular stems of

considerable size and strength, and subdivide again and again into

minute and complex ramifications. Between the imiumerable sub-

divisions of these tufts are the irregular vascular spaces or lacunas,

the outlines of which follow closely the ramifications of the villi

throughout every inflection of their surface. These spaces, which are

filled with the maternal blood and are continuous with the uterine vessels,

are doubtless to be regarded as belonging to the maternal system, but
their minute structm-e and anatomical relations have been so greatly

modified in the progress of the placental growth, that, as already stated,

it has been found very difficult to determine their exact nature in the

fully formed condition.

On its outer side the placenta is united to the uterine wall by the

decidua serotina, consisting, as already mentioned, of two layers, of

which the inner alone enters directly into the formation of the placenta.

From this inner layer of the serotina septa are prolonged between and
smTOund more or less completely the lobes, so as to separate them from
one another with very obvious but interrupted bands of decidual tissue ;

and from these interlobular septa irregular branched processes run into

the interior of the lobes and through the placenta, so as even to reach the

chorion in many places, and to unite with the subchorionic layer of

decidua which extends from the margin of the placenta upon the chorion

for a considerable distance, if not over its whole placental surface ; and
it thus becomes apparent that both foetal and maternal (or decidual)

structures are intimately intermixed throughout the whole thickness of

the placenta.

A minuter examination of the spongy or finely divided portions of the

placental lobes shows that in these the innumerable terminal villi of the

branched foetal placental tufts lie or hang for the most part free in

irregular spaces (intervillous lacunae) filled with the maternal blood
;

but they are not entirely loose, for, beside the stalks on which they are

set, in numerous places they are attached at their tips and also on their

sides by slender bands and sometimes finer filaments of very irregular

form and of a granular fibro-nuclear substance, which pass from one

to another of the villi, and between them and the processes of the

decidua serotina, and which seem to be composed of decidual elements ;

forming thus according to Turner a network of trabeculas derived

from the decidua serotina in the interspaces of which the viUi are

contained (150, iii.).

The maternal blood spaces present the most varied and irregular

forms, which scarcely admit of description, and, as they all intercom-

municate freely, may rather be compared to a labyrinth, the walls of

whicli are entirely formed by the villi over which they are moulded ; so
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that it is o'ovioiTS that the villi, with whatever covering they may possess,

are in full contact with the maternal blood which permeates all the

intervillous spaces or lacunte.

The foetal villi present from a very early period, and long before they
have entered into any combination with the uterine structures, a distinct

external covering of epithelium which may be called chorionic, and as

soon as they become vascular their interior is occupied by a core of

connective tissue in which the fine divisions of the allantoic vessels are

imbedded. In the more advanced stages of placental growth an increase

of the foetal vessels corresponding with the prodigious ramification and
extension of the villi takes place, and besides the deeper loops of

capillary and other vessels which occupy the interior of the villi there is

developed also a more superficial capillary network (Schroder van der

Kolk, No. 14:1) ; but in other respects the individual or terminal villi do
not appear on a superficial inspection to differ greatly fr*om those of the

earlier stages.

On the other hand, there is good reason for regarding the maternal

blood-spaces of the advanced placenta as essentially enlarged and altered

decidual blood-vessels ; for though the whole steps of the process of con-

version have not been traced mth sufficient fulness or accuracy, we are

not Tsdthout evidence from observation (Yirchow, ISTo. 142, and Priestley,

No. 144) that the intei-villous lacunae must owe their origin to the dis-

appearance of the decidual arteries and veins as such and the enormous
dilatation of their capillaries around the villi, and to the thinning away
of the decidual tissue in which they were previously distributed.

Microscopic observation has shown that the peculiar coiled vessels

which pass through the serotina as the prolongations of the uterine

arteries are destitute of the middle and outer arterial coats, but are lined

A?ith epithelium, and open directly by sudden enlargement, and without

the intervention of any capillary vessels, into the wide cavities of the

placental sinuses, and further that these sinuses are brought into direct

communication with the larger uterine veins by means of considerable

venous canals, lined with epithelium, which pass in a slanting manner
through the decidua serotina, as well as by others which join the venous

plexus named the circular sinus situated round the margin of the

placenta.

Kelation of tlie Pcetal and Maternal Elements in the fully-developed.

Placenta.—Such, being the history of the foetal vessels, and the maternal blood-

spaces in the placenta, there still remain the important and difficult questions

which have been long discussed, and which have not yet received a satisfactory

solution—viz., What has become of the decidual tissue, and the maternal vas-

cular lining in the developed placenta ? Have they been entirely removed by
atrophy and absorption, or are they still persistent, and are their remains still to

be found as coverings of the villi, or in any other form ?

As holding the first of these views Vii-chow, KoUiker, and Leopold may be

quoted ; and as supporters of the second, Schroder van der Kolk, Ercolani, and

Turner.

It would occupy too much space to attempt any review of the arguments

adduced in favour of these opposite views ; and we must therefore refer the

reader to the works of the authors quoted in connection with this subject,

remarking at the same time, that while the greatest share of probability seems

on general grounds to belong to the first view, or that of Kolliker, viz., that the

villi retain their original epithelium, and that the maternal structm-e must have

.suffered atrophy and disappearance ; the other opinion is not without some

evidence in its favour. And more especially if it could be shown, as Ercolani
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asserts—and ia this he is supported by Eomiti (No. 157)—that in the villi of.

the tenth week both the foetal and maternal epithelium are still present together,

while the foetal or deeper epithelium appears to be undergoing atrophy prepara-

tory to its removal, the view taken by that author, that in the formation of the

placenta the decidual cells are substituted for the fcetal epithelial covering, and
possibly also that a thin layer, representing the lining epithelium of the maternal

vessels, overlays it externally on the surface of the villi, might receive important

confirmation.

But, as before remarked, further researches are still required in the period of

placental development, extending from the fifth or sixth week onwards into the

third and fourth months, to enable us to determine the precise manner in which
the peculiar condition of the maternal sinuses in the human species and in Si mice

is brought about. There can be little doubt that this condition is essentially

different from that which has been well shown by the researches of Turner and
Ercolani to prevail in other animals, in which it appears that, along with the

foetal capillary blood-vessels, and the epithelium of the villi, there are always

present distinct maternal elements, in the form of capillary or other vessels

liaed with epithelium, and a certain amount of obvious decidual tissue surrounding

them.
Relation of the Uterine Grlands to the Placenta.—It has already been stated

that the villi do not penetrate into the uterine glands of the human placenta.

These glands undergo, it is true, in the earlier three months of uterogestation

great enlargement and modification of their form. In the decidua vera especially

the enlarged state of the glands is well known and very apparent in the early

months of pregnancy ; but as the membrane thins out xa the later months, they

are much flattened and atrophied, but are not entirely lost. In the inner layer of

the decidua serotina they very soon become obliterated and disappear, but in the

outer or uterine layer their cavities remain in a much widened condition, though
drawn out and flattened ; and it seems as if they gave rise in part to the separation

of the outer and inner layers, where the severance afterwards occurs in parturition.

In the outer layer, however, the glands are preserved in such a state as to be
capable of restoration after parturition in that part of the mucous membrane.
The outer layer of the serotina is also the principal seat of the development

in the latter half of pregnancy of the largest or giant multiauclear cells, which
are characteristic of that layer in man, as well as in many animals. In connec-
tion with these cells, it is proper to mention the important discovery made by
Friedlander (JSTo. 152), and confirmed by Leopold (No. 156), according to which it

appears that the main veins of the serotina and the adjacent part of the uterine

wall undergo in the later stage of pregnancy a process of gradual obliteration

by the ingrowth of the giant cells into the interior of the veins—a process which
begins in the eighth month, and goes on progressively up to the end of gestation,

and which seems to have the effect of producing stagnation and stoppage of the
passage of the blood through the veins, and may probably be a factor in the
induction of the act of parturition.

Placental Circulation.—The existence of a distinct circulation of blood in the
foetal and in the maternal vessels of the placenta, discovered by the Hunters, has
long been placed beyond doubt by the experimental investigations of all those
who have injected the two sets of vessels with sufiicient care and su.ccess. By
artificial injections fluids can be made to pass from the umbilical arteries through
the capillaries of the villi into the veins, or in the reverse direction from the
veins into the arteries. Nor does there ever occur, except from ascertained acci-

dental rupture of the vessels, either extravasation of the injected material into
the intervening tissue, nor any escape into the maternal sinuses.

The result of artificial injection of the blood-vessels in the pregnant uterus
equally demonstrates the nature of the circulation in the maternal part of the
placenta, for it is easy to show by this method that a fluid thrown into the
uterine arteries passes through the coiled vessels and fills all the maternal blood-
spaces of the placenta, surrounding everywhere the chorionic or foetal villi, and
returns thence into the uterine veins by the slanting venous channels, the utero-
vlacental sinuses, lined with epithelium, which issue from the placenta at its

uterine surface by piercing the decidu.a serotina, and which are also very
VOL. II. •
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numerous towards the circumference of the organ, where they are in communica-
tion with the venous plexus or so-called circular sinus. Some of these veins may
even be traced for some distance into the placenta, in the septa of decidual

substance, which are prolonged from the decidua serotina between the lobes.

(See Turner, KoUiker, and others).

Separation at Birth, and Restoration of the Uterine Membrane.—In the
act of birth a large part of the decidual structures which have been formed in
human uterogestation, including that which is strictly placental, the whole of
what remains of the d. refiexa and a considerable part of the d. vera, now fused
into one thin covering of the chorion, are separated from the uterus, together
with the foetal placenta, the membranes, and all that belongs to the ovum.
Thus in parturition, by the effect of uterine conti'action, the foetus is first ex-

pelled ; the detached placenta follows, and carries with it the inner layer of
serotina, the coiled arteries and the slanting veins being brokem through ; next
come the inverted membranes of the ovum, together with the remains of decidua
reflexa and part of the vera, which are finally peeled off the whole of the interior

of the uterus. On the uterine surface a part of the decidua vera remains,

and also the uterine decidua serotina lying next the m.uscular wall of the uterus.

In this layer are imbedded the remains of the convoluted uterine glands, which
extend outwards into the substance of the muscularis mucosas. These are

soon prolonged to the uterine cavity, a ciliated epithelial lining is formed on
the inner surface, and the natural structure of the whole membrane is thus
completely restored.

II. DEVELOPMENT OF THE SYSTEMS AND ORGANS OF
THE EMBRYO.

It will be convenient to treat of this, wliicli is the most extensive

division of our subject, under the following sections, viz. :—1. The
External Form and Framework of the Body ; 2. The Nervous System ;

3. The Vascular System; 4. The Alimentary Canal and Associated

Organs ; 5. The Urinary and Generative Organs,

I. EXTERNAL FRAMEWORK AND "WALLS OF THE BODY; THE
SKELETON, VOLUNTARY MUSCLES AND INTEGUMENTS.

In the most general morphological view of the development of the

external frame-work of the body, its parts may be regarded as being

moulded in certain definite relations according to the vertebrate type

upon the cerebro-spinal nervous centre and its containing cranio-vertebral

cavity, and in their commencement they present the form of body-seg-

ments or somites, which in the trunk correspond in number with, the

vertebrae, bat in the head follow a somewhat difierent arrangement. It

will be convenient to begin with a short statement of the earliest phe-

nomena of the development of the embryonic axis.

I. FIRST RUDIMENOJS OF THE EMBP.TO.

These consist mainly of four parts which, named in the order of their

commencement, are the primitive streak, the medullary canal, the uoto-

chord, and the protovertebral somites. The first of these is essentially a
temporary and evanescent structure ; the third, round which the column
of vertebral bodies is formed, th-ough also transitory, is somewhat more
persistent than the first ; the second and fourth, as the foundation of

important organs, may be regarded as permanent.
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1. The Primitive Streak or Trace.—The earliest indication of the

formation of the embryo is in the primiiim strealc which appears about

the twelfth hour of incubation in the chick, and on the seventh day in

the ovum of the rabbit, in that part of the embryonic area which, with

,— 7r

Fig. 677.—PrRiFORji traksparent area of Fig. 677.

THE chick's BLASTODERJI "WITH THE
PBIIIITIVE GROOVE.

pr, primitive streak and gi'oove ; af, am-
miotic fold commencing ; tlie darker shading

round the primitive streak indicates the ex-

tension of the mesoblast.

reference to the position of the em-
bryo, may be called the hinder, and
which also is the narrower part when
the area has become pyi'iform. It

has not at first a linear or elongated

form, but begins as a comparatively

short sickle-like thickening of the

blastoderm at the margin of the

embryonic area, and subsequently

stretches inwards upon the area,

in the form of a narrow strap-like opacity, as previously described

at p. 748. It is closely connected with the epiblast or upper layer, and
its formation seems to consist more immediately in a proliferation of

cells fi:om the lower surface of that layer which results in the develop-

ment of the mesoblast or middle layei- through the whole length of the

primitive streak, in which the epiblast and mesoblast are thus rendered
-continuous.

Fig. 678.

—

Embryonic area from the ovum: op a
RABBIT OF EIGHT DAYS, "f (From KoHiker.)

arg, border of the embi-yonic area ; pr, primitive

streak with groove.

Fig. 678.

In the course of its formation the primi-

tive streak acquires a groove, the primitive

tjroove, which arises from a depression in the

epiblast at its upper surface. This gxoove

does not usually extend to either end of

the streak, but presents near its anterior

extremity most frequently, but elsewhere

also and somewhat variably in birds one or

more depressions which are found to run
through the blastoderm and indicate an interesting relation of the

streak to the blastopore and neurenteric communication previously re-

ferred to (p. 759). The hypoblast takes no share in the produc-

tion of the primitive streak, but runs across the area free and fiat

beneath it.

The primitive streak and groove were at one time confounded with

the commencement of the true cerebro-spinal axis ; but it was shown by
the observations of Dursy in 1867 (No. 90), and has been fully proved
by His (No. 29, i.) and others following him, that it does not give rise

to any part of the nervous centre nor to any other important organ,
.S E 2
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but on the contrary, is in a great measure transitory and evanescent
m its nature ; for though at first it indicates truly the direction of the
embryonic axis, we shall find that it is thrust more and more backwards
by the medullary and vertebral rudiments as they progressively grow in
front of it, and it seems at last to be lost in the tissue" below the caudal

Fig. 679.

Pig. 679.

—

Transverse section through the front end of the primitive streak

OF THE chick OF ABOUT 12 HOURS. (From Balfour.)

pr, primitive groove ; m, mesoblast ; ep, epiblast ; liy, hypoblast.

extremity of the embryo. Its real significance therefore lies mainly
in its relation to the origin and connection of the layers of the blasto-

derm and their apparent invagination at a period preceding the first de-

velopment of the cerebro-spinal nervous axis of the embryo.

Fig. 680.

A~i

direction as the primitive

left vacant by the latter.

Fig. 680.—Surface view of the trans-
parent AREA OF A BLASTODERM OP 18
HOURS, SOMEWHAT DIAGRAMMATIC. (FrOllX

Balfour.

)

pr, primitive groove, closed in front by
the coalescence of the two lateral ridges

;

mc, medullary groove, having on each side

the medullary folds or ridges. A, which also'

meet in front to enclose the groove, but di-

verge behind so as to enclose the primitive

streak ; \x\ front the fold of the amnion is

commencing.

2. Medullary or Neural Cen-
tre.—The first rudiment of the great

neural centre makes its appearance

soraeAvhat later than the primitive

streak, viz., in the chick about the

eighteenth hour, and in the rabbit's

ovum on the seventh day. It takes

place entirely within the epiblast or

outer layer, and depends on the

growth of the cells of that layer in

the anterior part of the embryonic

area where it extends in the same

streak so as to occupy that part of the area
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The medullary plates which result from the thickening of the epihlast

are at first comparatively short, coiTesponding mainly to that which will

ultimately become the cephalic part of the nervous centre. They soon.

Fig. 681.

Fig. 681.

—

Embryonic area, with outline of the vascular area, frou a rabbit's

0VU3I OF SEVEN DAYS. \8 (From Kolliker.)

00, vascular area ; ag, embryonic area
;
jpr, primitive streak and groove ; rf, medullary

however, elongate, and increasing in their thickness at the outer margins,
they rise into lateral ridges, which are separated by a groove or furroAV,

whUe they run into one another, or are joined together round the
cephalic extremity of the groove. Behind they diverge somewhat, and

Pig. 682.

—

Dorsal view of a blastoderm and Fig. 682.

embryo chick HAviNa five mesoblastic somites.

• (From Balfour.)

a.pr, anterior part of the primitive streak
;
p.pr,

posterior part ; the medullary ridges have come to-

gether in the greater part of their extent, but have

not yet united ; the caudal swellings are visible on

•each side of a.pr.

there they extend for some distance on either

side of the primitive streak, so as to enclose

nearly its anterior half between them.

As the formation of the meduUary plates

and groove progresses, they extend more
and more backwai'ds, so that the addition

of new substance in the primitive or axial

embryo takes place mainly by interpo-

sition between the part already formed and

the primitive streak. As they extend back-

wards the ridges also rise more dorsally so as to deepen the gxoove, the

cephalic part Tsddens out into a somewhat conical hollow, while the

spinal part remains of a more equable and smaller diameter.

In the next stage, which is completed by the 30th or 35th hour m
the chick, and the 9th day in the rabbit, the medullary ridges of the

cpiblast bending round dorsally have met in the middle line above the

meduUary groove, and there coalesce, at first in a limited space near the
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middle, and later both forwards and backwards, so as to effect the union
along the whole dorsal line, except at the hinder incomplete part. By
this union the medullary plates and groove are converted into the neural

or medullary tube, wdiich constitutes the primaiy form of the brain and
spinal marrow.

Fiff. 683. -

Jtj>

J^p A^j-uh,
'P 'alt

Fig. 683.

—

Tkansverse sec-

tion THROUGH THE EMBRYO
OP THE CHICK AND BLASTO-

DERM AT THE END OF THE
FIRST DAT. Magnified from
90 to 100 times. (From
Kiiliiker.

)

lb, epiblast ; dd, hypoblast ; sp, mesoblast ; Pv, raecliillaTy groove ; m, medullaiy

plates; ch, chorda dorsalis ; uitp, proto-vertebral plate; moh, commencement of divi-

sion of mesoblast into its npper and lower lamince ; between Rf and h are the dorsal

laminte or ridges which by their approximation close in the medullary canal.

Fig. 684.

Fig. 684.

—

Transverse section op an embryo chick in the latter half op the second
DAY, AT THE PLACE WHERE THE VERTEBRAL SOMITES CEASE. \^ (From KoUiker.)

no, dorsal ridges : rf, medullary groove or canal beginning to close ; uivp, proto-

Tertebral plate ; sp, lateral plate of the mesoblast ; h, epiblast ; dd, hypoblast ; no,

primitive right aorta ; sp, commencement of division of the mesoblast which forms the

body cavity.

Fig. 685.

j'o ill y.f

Fig. 685.

—

Transverse section through the embryo of the chick and blastoderm ok^

THE second day. (From Kolliker.)

dd, hypoblast ;' ch, chorda dorsalis ; iiic, primordial vertebrae ; inr, medullary plates
;

%, corneous layer or epiblast ; uicli, cavity of the primordial vertebral mass ; mp, meso-

blast dividing at sp into lipl, parietal, and df, visceral laminse ; ung. Wolffian duct

beginning in the intermediate cell-mass.

3. Notochord.—The third rudiment of the embryo is the chorda

dorsalis of von Baer or the notochord of more recent authors, which lies

in the axis of the vertebral column and cranial base. When somewhat
advanced, it extends through the forepart of the embryonic area from the
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anterior extremity of the primitive streak to ^he front of the medullary

canal ; but, except at its hinder end, it has no immediate connection

with the epiblast in which that canal is formed, and lies beneath it in

the place which is afterwards occupied by the bodies of the yertebr^e

Fig. 686.

N.C.

Fig. 6S6.

—

Diagrammatic LONGTxrBiNAL SECTION THROUGH the axis op an embrto-chick.
(^From Foster and Balfour.

)

The section is supposed to be made at a time when the head-fold has commenced, hut
the tail-fold has not yet appeared. A, epiblast ; B, mesoblast ; C, hypoblast ; FSo, fold

of the somatoj)leure ; i^*S)j, fold of the splanchnopleure ; Am, commencing (head) fold of

the amnion : KC, neural canal, closed in front, but still open behind ; Ch, notochord,

—

in front of it, uncleft mesoblast in the base of the cranium ; D, the commencing foregut,

or alimentary canal ; Ht, heart ; 'pp, pleuro-peritoneal cavity.

and base of the cranium. When fully formed it is also separate from
the hypoblast Avhich runs across below it. From this it might appear at

first sight that it belongs to the mesoblast, by a part of which it is

somewhat later surrounded. But there are still doubts with respect

to its origin, that is, whether it is from the mesoblast or hypoblast. The
former view is held by Kolliker, and for the higher vertebrates is in

Fig. 687.

Fig. 687.

—

Transverse section through the embryonic region of the blastoderm

OF A chick at the TIME OF THE FORMATION OF THE NOTOCHORD. (From Balfour.)

ep, epiblast ; liy, hypoblast ; ch, notochord ; me, mesoblast ; n, nuclei of the germi-

nal wall ylc.

some respects tenable : but in elasmobranchs Balfour has found the

notochord to arise, very distinctly from the lower layer by an actual

infolding of a linear strip of the cells of that layer, and he, as well as

some others, are disposed to attribute the origin of the notochord
in the amniota to a similar source. With respect to this view,
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it is to be observed that the hinder end of the notochord is directly

continuous with the front part of the primitive streak where the

mesoblast and epiblast are united, and if it does spring from the lower

layer in front of that, it is still possible that in that situation the meso-
blastio elements have not yet been differentiated from the hypoblastic

in the primitive lower layer.

In the amniota the notochord is mainly cellular in structure ; but
in some of the lower vertebrates it becomes cartilaginous, and remains

Pig. 688. Fig. 688.

—

Section theouch the hinder pakt
OF THE TRUNK OP AN EMBRYO-SHARK, TO

SHEW THE STRUCTURE AND RELATIONS OF
A LARGE NOTOCHORD. (From Balfour.

)

Sjoc, spinal canal ; ch, notochord witliin its

slieath ; ao, aorta ; inp, muscle plate ; vr, rudi-

ment of vertebral bodj'. The figure is more
fully described elsewhere.

as a permanent substitute for the true

vertebral column. It is enclosed in a
delicate, structureless, or cuticular

sheath, outside which in the lower

vertebrates, but not in the amniota,

another sheath, viz., the elastic, is

formed. It is upon the surface of the

cuticular sheath in the amniota, and
between it and the outer or elastic

sheath in the lower vertebrates, that

the mesoblastic substance derived from
the inner part of the proto-vertebral

column is deposited to form the matrix

of the fatm-e vertebral bodies in a

manner presently to be described. The notochord itself takes no direct

part in the formation of the cartilaginous or osseous vertebra ; but its

remains are to be found for a considerable time within the bodies of

the vertebrae and intervertebral jDlates, as described by H. Miiller

(No. 159), and others in the human foetus to a late period, and even

in the child after birth.

4. Mesoblastic or Protovertebral Somites.—There is still another

series of early developmental phenomena, which are nearly contempo-

raneous with the three previously referred to, and which, though not in

themselves immediately concerned in the i^roduction of axial rudiments,

are yet intimately associated with some of them, and have an important

bearing upon the whole after-history of development. Soon after the ap-

pearance of the medullary plates and gi'oove, and before the cormnence-

ment of the closure of the medullary tube, there have appeared on each

side of the dorsal ridges a row of well defined, dark, quadrilateral

masses, situated in the adjacent column of mesoblast, and separated by
clear transverse clefts, or linear intervals.

These masses were for long looked upon as the rudiments of the •

permanent vertebra, and were called i}iQ primordial ov ^proto-verteircc ;

but they are now known to be of a more comprehensive natm-e, and
receive the appellation of mesohlastic ov protovertehral somites.

In now proceeding to explain the relation of these transversely

divided segments to the other phenomena of development, wc must
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recall the fact, referred to in the account of development in general,

that the great mass of the mesoblast is very soon divided longitudinally

Fig. 689.

—

Embryo-chick at the end op the second day,

SEEN FROM BELOW, 'f (From KoUiker.

)

Vh, forebrain ; Ah, primary ocular vesicles ; Ch, notochord
;

H, tubular heart ; om, vitelline veins ; Vd, entrance to the

forepart of the alimentary canal within the cephalic fold ; in

the middle part of the embryo, the protovertebral somites are

seen (to the number of thirteen pairs) on each side of the canal

of the spinal marrow and notochord.

on each side into an inner thick column, in which
the transverse segmentation into somites more im-

mediately takes place, and which may be therefore

named the protovertehral columns, and into flatter

lateral plates, which again very soon become
divided horizontally into an upper, or parietal,

and a lower or visceral lamina, and have between
them on each side the iochj aivitij, or pleuro-

peritoneal space. At j)resent we have mainly to

do with the inner or protovertebral column.

The transverse cleavage of this colmnu, giving

rise to the protovertebral segments or somites,

begins to appear very early at the side of Lhe dorsal

ridges, near the place where they embrace the

primitive streak— a region which the subsequent
condition shows to correspond with that of the
anterior cervical vertebra. But as the colimans extend backwards, they

Fig. 690.— Transverse section through the dorsal region of an embkto chick op
45 hours. (From Balfour.)

A, epiblast
; C, hypoblast ; Mc, medullary canal ; Pv, protovertebra or mesoblastic

somite
; Wd, Wolffian duct ; So, parietal mesoblast ; Sp, visceral mesoblast

; fp, pleuro-
peritoneal cavity

; ao, left primitive aorta ; v, blood-vessels ; w, germinal wall ; cA,
notochord

; op, place of junction of transparent and opaque areas.
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continue to undergo the transverse cleavage, so as to give rise to an in-
crease in the number of the mesoblastic somites ; and by the time when
the medullary canal is closed, there are as many as ten or twelve of
them. This process goes on progressively from the cervical into the
dorsal, lumbar, sacral and caudal regions, till a number is attained,
which corresponds closely with that of the permanent vertebra?, in which,
however, the posterior or caudal segments are comparatively late in
being formed.

The mesoblastic segmentation is at first confined to the inner or
protovertebral column, and it is most distinct in that part ; but in the

Fig. 691.

—

Area pellucida and rtjdiments op
THE EMBRro-CHICK OF THE SECOND DAT.

^f (From Kolliker.)

pr, primitive streak and groove ; i?2y, dorsal
or medullary ridges meeting in front; i?/,

medullary groove ; Stz, axial zone ; Pz, parietal

zone; Pz', two vertebral somites ; Ch, noto-
chord ; Vkf, cephalic fold ; vD, anterior in-

testinal fold shining through ; vAf, anterior or

amniotic fold ; Ap, area pellucida.

later development of the walls of the

trunk we shall see that a somewhat
similar cleavage, or at least a differen-

tiation corresponding with it, extends
also into the parietal portion of the

lateral mesoblastic plates, so as to give

rise in them to the costal and inter-

costal divisions of the Avails.

The protovertebral column is at

first solid, being composed of firmer

columnar cells outside, and looser

cellular elements internally. Soon,

however, the somites become hollow

by the liquefaction of the internal

cells ; and it is held that their cavity

may be regarded as an extension of the general body cavity, or the

intermesoblastic space, which is so apparent and constant in the lateral

plates of themesoblast (Balfour).

The mesoblastic somites by their further changes give rise to the

main constituents of the body wall or framework, that is, the rudiments
of the permanent vertebrae, and the muscular and dermal plates. These
changes consist mainly at first in the separation of a mesial or internal

part, in which the vertebral matrices are formed, from the outer parts

which are converted into the muscular and dermal plates in a manner
which will be more fully described under their respective heads.

II. FORMATION OF THE TRUNK.

1. Vertebral Column.—It is from the inner part of the protovertebral

column before mentioned that the blastema of the permanent vertebrae

is derived, the rapidly growing cells of which extending inwards and
upwards from the protovertebral column, surround the whole of the

chorda and the medullary canal with the first, or, as it has been called.
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the membranous matrix of the vertebrse preTious to their cartilaginous

differentiation.

The part of this substance which surrounds the notochord forms at

first a uniform or undivided tubular enclosure of the chord ; but sub-

sequently it shows transverse divisions corresponding to those of the

protovertebral somites. The matrices of the arches, Avhich are con-

tinuous with those out of which the bodies are formed, extend dorsally

round the medullary canal and between it and the superficial epiblast,

so as gradually to enclose the neural canal. These rudimental neural

arches are from the first separate or in distinct strips, and thus intervals

are left between them for the spinal ganglia and nerves which grow out

from the nervous centre.

Fig. 1692.

—

Transverse section of an EirBRVo rabbit of 9 days and 2 hours in the
MIDDLE DORSAL REGION,

^f®.
(From Kolliker.)

mr, medullary tube ; «?(', protovertebral mass ; h, epiblast ; hp, parietal mesoblast

;

dfp, visceral division of the mesoblast ; pp, pleuro-peritoneal cavity between them ;

ung, primitive segmental duct
; [/, vessels in the visceral mesoblast ; ch, notochord

;

dr, intestinal groove of the hypoblast.

The next step in the formation of the jDermanent verfcebraa is the

chondrification or conversion into cartilage of the primitive or mem-
branous matrix. This takes place nearly simultaneously in the bodie?

and arches, and is found on the fourth day in the chick, and the eleventh

or twelfth day in the rabbit, and probably in the fourth and fifth

weeks in the human embryo. In the process of chondrification the

position of the divisions between the arches remains the same as in the

original or protovertebral segmentation ; but it is a remarkable fact,

discovered by Remak (Eo. 25), that in the bodies the chondrification is

accompanied by a change of such a nature that the separation of the

permanent bodies comes to be effected by a new series of clefts, so

situated between the former or protovertebral divisions as to cause the

permanent intervertebral intervals of the bodies now to fall opposite to

the neural arches and muscle plates, and the middle parts of the bodies

consequently opposite to the place of the original protovertebral clefts.

"While the chondrification of those parts of the vertebral matrices

which are to form the bodies is proceeding, a differentiation of the

blastema in the interspaces leads to the development of the fibrous

substance of the intervertebral discs or ligamentous plates. And here
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it is right to mention the changes of form in the notochord which are

coincident with the formation of the parts surromiding it.

Fig. 693. Fig. 693.

—

Cervical part op the primitive vertebbal
COLUMN AND ADJACENT PARTS OF AN EMBRYO CHICK
OF THE SIXTH DAT, SHOWING 1HE DIVISION OF THE
VERTEBRAL SEGMENTS. (From KoUikcr after Remak.

)

1. 1, ctorda dorsalis in its sheath, pointed at its

upper end ; 2, points by three lines to the original in-

tervals of the primitive vertebrse ; 3, in a similar manner
indicates the places of new division into permanent
bodies of vertebrae ; c, indicates the body of the first

cervical vertebra ; in this and the next the primitive

division has nearly disappeared, as also in the two lowest

represented, viz. , d, and the one above ; in those inter-

mediate the line of division is shown : 4, points in

three places to the vertebral arches ; and 5, similarly

to three commencing ganglia of the spinal nerves : the

dotted segments outside these parts are the muscular
j)lates.

The notochord does not continue to grow
as a whole in the same degree as the perma-
nent vertebral parts, but on the contrary the

greater part of it is in the higher vertebrate

animals gi-eatly reduced in proportional size, and constricted almost to

a lineal filament in the most of its length. In each vertebral segment.

mjr

Fig. 694.

—

Transverse section of early embryo op
PRisTiURUS (elasmobranchs). (From Balfour.)

nc, neural canal
;
pr, posterior root of spinal nerve

;

x, subnotochordal rod ; ao, aorta ; sc, parietal meso-
blast ; sp, visceral mesoblast ; mp, muscle-plate ; iiip',

portion of muscle-plate converted into muscle ; Vv,

portion of the vertebral plate which will give rise to

the vertebral bodies ; al, alimentary cflrnal.

however, it presents dilatations or thicken-

ings which differ somewhat in form and
position in diflFerent animals according to the

manner in which the permanent vertebrae are

formed.

In mammals the constricted parts of the

chorda are situated within the vertebrae, and
the j)rincipal dilatations are in the inter-

vertebral spaces, where they widen out con-

siderably, and seem to form the basis of the

pulpy or gelatinous substance which occupies the centre of the discs

(Luschka, 1856, Kolliker).

In osseous fishes the dilatation is also intervertebral, and the growth of the

chorda proceeds to such an extent as to give rise to the large double cone of soft

and gelatinous substance which occupies the conical hollows of the biconcave

vertebral bodies. But in birds, reptiles, and amphibia, the dilatations of the

notochord are within the bodies of the vertebra, and as in these animals articular

cavities are developed between the vertebrse, the vestiges of the notochord very-

soon disappear from the intervertebral spaces, while they remain much longer

visible in the bodies (Gegenbaur).

In mammals, therefore, the cartilaginous matrix of each vertebral body (and
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the first subsequent ossification) begins in the centre immediately round the

constricted pait of the notochord : but it is also to be noted that within each

Fig. 695.—Sections ow the tektebeal colttmn Fig. 695.

OP A HTTJIAN FCETUS OP EIGHT WEEKS.

(From Kolliker.

)

A, tranverse longitudinal section of several

vei-tebrse. 1, 1, chorda dorsalis, its remains

thicker opposite the intervertebral discs ; 2, is

l^laced on one of the bodies of the permanent

vertebrae ; 3, on one of the intervertebral

discs.

B, transverse horizontal section through a

part of one dorsal vertebra. 1, remains of

the chorda dorsalis in the mi<Mle of the body
;

2, arch of the vertebra ; 3, head of a rib.

vertebra, at a somewhat later period, two
small dilatations in the narrow part of the

notochord are to be observed, opposite

the intervals between the central ossifying

nucleus and the epiphysial plates (see fig.

696).

In birds, reptiles, and amphibia, on the

other hand, the formation of cartilage and
the subsequent ossification of the vertebral

bodies begin at the intervertebral surfaces,

and extend from thence inwards upon their

central jDart.

The neural arches of the vertebrae arise

from a thin sheet of blastema which extends dorsally from the protovertebral

columns on each side, and the two sheets, meeting each other mesially along the
back (membrana reuniens superior of Eemak), completely enclose the medullary

Fig. 696.

—

Diagram to show the position op the
ENLARGEMENTS OP THE KOTOCHOED IN PASSING

THROUGH THE VERTEBRAL COLUMN. Half the

natural size. (After Kolliker, A.T.)

c7i, notochord ; h, bodies of two vertebrse ; iv,

intervertebral plate with the wide enlargement of

the notochord ; bn, ossific niicleus of tiie bodies of

the vertebrffi ; e, slight dilatations of the noto-

chord opposite the epiphysial jDlates.

canal. This takes place on the third day in

the chick, and is therefore considerably later

than the investment of the notochord with the
vertebral elements of the bodies.

The membranous investment of the me-
dullary canal doubtless contains the elements
not only of the neural vertebral arches, but also

those of the dura mater and other coverings

of the central nervous organs. This invest-

ment does not however form a complete tube,

but is interrupted or open at the intervals

occupied by the spinal ganglia and nerves
emanating from the medullary centre. When
chondrification of the vertebral matrices takes

place the neural arches are found to be connected and at first continuous with
the forepart of each vertebral body as reconstituted by the secondary transverse
division, the intervals for the spinal nerves and ganglia being opposite the
posterior part of tlje bodies and the intervertebral plates.
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The Mstoiy of the further development of the vertebral column belongs rather

to that of the ossification of its several parts, which has been described in the
first volume. It may be stated in addition here that in the human embryo the
process of chondrification of the bodies begins between the fouith and fifth

weeks (KoUiker), and is already completed by the sixth or seventh, soon after

which ossification commences. In the arches the chondrification is about a week
later in commencing, but the ossific deposit, which begins in the eighth week, is

slightly earlier in them than in the bodies.

The whole number of cartilaginous vertebral matrices varies from 33 to 35,

there being occasional subordinate variations in the number developed in each
division of the trunk. The maximum number of coccygeal pieces is six accord-

ing to E. Rosenberg (No. 166).

The formation of cartilaginous matrices for the vertebral arches begins first

in those of the dorsal region, and extends from thence forwards into the cervical

vertebras and basis of the skull, and backwards into the lumbar and sacral

vertebras ; but the dorsal extension of the cartilaginous matrix ceases to be
formed in the hinder sacral and coccygeal vertebrje where these arches are

afterwards deficient.

Rathke first showed (ISTo. 14, ii., 1839) that the body of the Atlas vertebra is

merged in the odontoid process of the second or axis vertebra ; and that in the
tortoise the chorda runs through the odonto-occipital ligament. This was con-

firmed for mammals by Joh. Miiller, and later by Robin and Hasse. According
to some the anterior arch of the atlas might belong to the subcentral or hasmal
series of arches ; but it would appear that the homology of this part is not yet

fully determined.

2. nibs and Sternum.—As completing the skeleton of the trunk of

the body, it will be convenient to describe here the development of the

ribs and sternum.

The ribs are extensions of the vertebral blastema in the thoracic

parietal plate of the mesoblast ; and their matrices are at first con-

tinuous with those of the vertebrse. They undergo early chondiification.

along with the vertebrae, but become separate from them before ossifica-

tion commences. At their ventral extremities, as was first shown by
Eatlike in 1838 (So. 158), the seven which are afterwards to be sternal

ribs of each side come to be united together by a longitudinal strip of

cartilage ; and the subsequent union of these two strips from before

backwards gives rise to a single median piece of cartilage, which repre-

sents the manubrium and body of the sternum. The xiphoid cartilage

is of later formation. (See Parker, N^o. 161.) This mode of origin and
development of the sternum is interesting in connection with the

malformation of fissure or median division of that bone which has been

observed in many different gradations.

3. Muscle Plates and Muscles.—The muscles of the trunk

derive their origin from the muscle jjlafes, which are developed

in the upper and outer part of the protovertebral column, in which the

l^rimary segmentation of the mesoblastic somites remains quite dis-

tinct. When the inner part of the protovertebral column has extended

itself into the - vertebral matrices of the bodies and arches (as before

described), the muscle plates are found to consist of two laminaj, an
inner and an outer, between which there is a space which is said to be

in communication at first with the body cavity. This space is necessarily

subdivided for each muscle plate. As development proceeds, however, the

opening into the general body cavity being closed, the outer and inner

layers of the plates lie more nearly applied together. The process of con-

version into permanent muscular tissue by dilferentiation of the cells
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has been shown by Balfour to begin first in tlie inner layer. (See fig,

694 and 698, mp'.)

The plates somewhat overlap one another ; and connective tissue is

deposited in the intervals between them, which in the lower animals is

the basis of permanent intermuscular septa, and in the higher of tempo-
rary structures of the same kind, and of the perimysial sheaths, &c.

Fig. 697.

Fig. 697.

—

Transverse section through the middle of an embrto-chick op the

THIRD DAY, 'WITH OPEN AMNION. *{\ (From Kolliker.

)

af, fold of the amnion consisting of h, epiblast, and^^, parietal mesoblast ; sk, lateral

fold of hypoblast and visceral mesoblast ; mp, muscle-plate ; laoh, remains of proto-verte-

bral cavity ; vc, vena cardinalis ; loq, segmental duct ; wJc, segmental tube
; p, peritoneal

cavity ; dfp, visceral mesoblast with vessels ; dd, hypoblast and intestinal groove.

In the progress of growth the muscle-plates extend to near the middle

dorsal hne ; they reach also down\\'ards in a ventral direction, and in

Fig. 698.
Fig. 698. — Horizontal section

through the trunk of an earlt
embrto op scvllium, passing

THROUGH THE NOIOCHORD. (From
Balfour.

)

ch, notochord ; ep, epiblast ; vr,

Tiidiment of vertebral body ; mp,
muscle-plate ; mp', portion of muscle-

plate already converted into longi-

tudinal muscles.

part under the vertebral bodies, and they pass into the walls of the
body externally, and thence ultimately into the limbs.
Both layers of the muscle-plate are converted into muscles, but while

it is undoubted that all the voluntary muscles proceed more or less
directly from the mesoblast and probably from the muscle-plates, it is
still questioned by some whether the hypaxial as well as the epaxial
muscles proceed from this som-ce alone.

In the early stages of muscular development in the amniota the myotomes are
divided by transverse intermuscular septa, and thus retain much of the character
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of protovertebral segmentation which, is familiar as a marked feature of their

stmcture in the lower vertebrates,—a fact of great morphological significance.

The formation of the longer muscles in the higher vertebrates takes place by
the disappearance of the intermuscular septa and the longitudinal union of the
fasciculi of successive myotomes. In the trunk the direction of these, especially

of those most closely attached to the vertebral skeleton, remains for the most
part longitudinal, but the more superficial muscles, and especially those con-
nected with the limb-girdles, change their direction as well as their form to a
great extent.

According to Balfour, the length of each muscular fibre derived from one of
the cells of a muscle-plate is equal to the breadth of the myotome in which it is

situated.

The division of the trunk muscles into an upper or dorso-lateral and a lower or
ventro-lateral group by a horizontal septum, extending outwards from the trans-

verse processes of the vertebrae and corresponding with that which belongs to the
lateral line of the lower vertebrates, is only faintly indicated in the adult of the
amniota.

4. Body "Walls.—Along with the changes now mentioned as leading

to the formation of the principal parts constituting the framework of

the vertebrate body, there is to be noticed a later series of phenomena
which are more immediately related to the production of the outer walls

by which the visceral cavities and viscera are enclosed.

The parts hitherto described, which are mainly axial, lie prone and
comparatively flat upon the surface of the yolk, and they are also chiefly

formed by folding and differentiation of the two upper layers without any
direct participation of the hypoblast, which passes thin and flat across

the embryonic area below the medullary canal and notochord. But in

the farther progress of development, and in part simultaneously with
the changes already described, the inflection of the peripheral parts of

the blastoderm downwards or in a ventral direction, along with their

extension and thickening, gives rise to the formation and enclosure of

the thoracic, abdominal and pelvic cavities of the trunk.

The first of the folds now referred to, named the cephalic, begins to

be formed much earlier than the rest, indeed its rudiment is to be
perceived very soon after the appearance of the medullary plates and
groove. It involves all the layers of the blastoderm, and is of such a-

nature as to pass downwards on each side, and gradually progressing

backwards, to enclose a space within the layers Avhich, as it is lined by
the hypoblast, necessarily comprehends a part of the alimentary canal.

This fold also encloses the rudiment of the heart when that organ comes
to be formed, extending backwards below the cephalic part of the

embryo as far as the fovea cardiaca, and closing in the cephalic part of

the alimentary cavity anteriorly by the inflection of the three blasto-

dermic layers below the primitive brain or cranium.

Somewhat later a similar inflection of all the layers occurs at the

caudal extremity of the embryo, but this is much shorter than the

cephalic fold, and includes therefore a comparatively small portion of

the alimentary canal, viz., the caudal and primitive cloacal part, which,

like the anterior, is at first completely closed by the inflection of the

layers. (See fig. 660.)

Between the cephalic and caudal folds, that is, along the sides of the

axial embryo in the greater part of Avhat afterwards becomes the ab-

dominal cavity, the walls of the body also undergo a downward inflec-

tion, and as these arc continuous before and behind with the cephalic
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aacT caudal folds, the place of their meeting, from being at first a wide
and elongated gap between the cavity enclosed in the embryo and the

peripheral parts of the blastoderm, becomes at last, by the gradual

infolding of the edges bringing them more and more together, the

narrower constriction which, from its later relations, is named Umbilical.

As, however, the infolding parts are everywhere composed of the

parietal and visceral plates separated by the body cavity, we have to

distinguish, in the umbilical constriction, the outer wall of the body
formed of epiblast and parietal mesoblast, from the wall of the alimentary

canal composed of visceral mesoblast and hypoblast.

Beyond the umbilical constriction the outer or parietal j)late is in

continuity with the amnion, and the deeper or visceral plate, when the

intestine assumes a tubular form, is continuous with the yolk sac.

It thus appears, as was first shown by Von Baer, as the result of the

earlier changes of vertebrate development, that there are formed two
main tubular ca^dties, the one above the other below the notochordal

axis ; the upper being the cranio-vertebral, enclosing the great nervous
centre, and the lower being the visceral cavity, in which the alimentary

canal, heart, lungs and other imtritive organs are contained.

There is not at first any marked distinction between the head and the

trunk in the axial part of the embryo^ nor is there apparent any neck or

cervical constriction. The changes which lead to this distinction are of

later occurrence, and will be considered hereafter in connection with the

description of the development of the head. Here it will suffice to state

that the cephalic part of the axial body is at first only cranial, and that

the face is formed later by the outgrowth of various bars and processes

round the sense-capsules, mouth and pharynx, and mainly from the

anterior and ventral aspects of the cranial part.

The caudal extremity of the embryo always consists of a prolongation

of the vertebral column containing the notochord and covered by the

usual epiblast. This extends beyond the place of the primitive caudal

fold, and consequently the hinder part of the alimentary canal and organs
connected with it fall short of the extremity of the tail.

The tail ()f the embryo is the seat of an incurvation which is most
commonly ventral, but is sometimes combined with torsion, as is seen

in a remarkable degree in serpents and in various degrees in other animals.

5. Flexion and Torsion of the Embryo.—Simultaneously with the

occurrence of the early formative changes before adverted to, there

take place others Avhich affect the external form and attitude of the

Fig. 699.—LoifdiTUDiNAi, section through the Fig. 699
HEAD OF AN EMBRYO OP FOUll WEEKS. (From
KoUiker.) ^

r, anterior encephalic vesicle, cerebral portion;

z, interbrain ; m, midbrain; h, cerebellam ; n,

medulla oblongata ; no and a, optic vesicle ; o,

auditory depression ; t, centre of basi-cranial

flexure ; t', lateral and hinder parts of tentorium;

p, the fold of epiblast which forms the hypo-
physis cerebri.

embryo. These consist mainly of
three kinds of flexure and incmwa-
tion accompanied by various degrees of growth in the proportions of
the -parts in which they take place. The first may be named the
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princqml cepluilk flexure, and consists in a strong angular flexion of the

cranial cavity in a ventral or downward direction in tlie region of the

midbrain and sella turcica of the cranium. The second is, in birds, a

more extended curvature of the vertebral column in the region of the

neck and thorax, but in mammals more frequently in the lower cervical

region only, such as to bend together the head and trunk of the body.

The third inflexion is of a different nature from the first two, usually

Fig, 700.

Fig. 700.

—

Outline op thk embhyo-ckick at
THE END OF ffHE THIED J1AY, TO SHOW THK
INFLECTIONS OP THE BODY AND THE COM-

MENCEMENT OF THE LIMBS. (After His.)

1 to 5 the cerebral vesicles ; //, the mouth ;

inn, the lower jaw, and behind that the branchial

bars and clefts ; an, the auditory vesicle ; h, the

heart ; cic, anterior extremity
;

^jc, posterior ex-

tremity ; the hinder part of the bodj' is still j)rone

upon the surface of the j'olk, the head is now
lying on its left side and between is seen the

gradual torsion of the vertebral column and
trunk.

preceding them in its commencement,
and is more marked in birds and reptiles

than in mammals ; though it also occurs

in some of the latter animals. This, as

seen in birds, consists in a torsion of the

embryo on its axis to the extent of a

quarter of a circle, by which, beginning
from the head, the embryo, from being

at first flat and prone, comes gradually

to have the left side lowest and applied

to the blastoderm. In rare instances

the direction of this torsion is reversed, and the embryo lies on its right
side.

This torsion is not so constant in mammals as in birds, and it not

unfrequently happens that a;long with the ventral incurvation of the

body, the forepart, notched off from the rest of the blastoderm, sinks

deeply into a hollow on the surface of the yolk.

There are, however, many differences in the early attitude of the

embryo of mammals in connection with the varieties in the form and
size of the yolk sac and other membranes.

III. OEIGIN AND FORMATION OF THE LIMBS.

The limbs arise as outgroAvths ft'om the lateral part of the trunk in

determinate parts of the thoracic and pelvic regions, and, though not

presenting any original protovertebral segmentation, are in some respects

to be regarded as lateral extensions of vertebral somites in these situations.

They make their first appearance after the completion of the primary

steps in the development of the axial structures of the trunk, about the

end of the third day in the chick (see fig. 700), and in the third and
fourth week in the human embryo. They have the form of semilunar

plates of parietal mesoblast covered with epiblast, budding out as it were

from the lateral ridge, near the line of separation of the mesoblast into
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its parietal and visceral laminae, and close to the outer margins of the

muscle-plates.

Each limb consists of the supporting arch or girdle, thoracic or peMc,
which is sunk in the substance of the lateral ridge, and makes little or

no appearance externally, and of the free or projecting part which is at

first quite simple, but soon becomes divided into the distal, middle and
proximal segments.

Fig. 701.

—

Lateral tie-w of human embryo Fig. 701.

BETWEEN THREE AND FOUR WEEKS, TO SH01V

THE COlIJIENCINa EXTREMITIES. (A.T.)

iiv
am, the amnion surrounding the embryo

;

uv, umbilical vesicle ; al, allantoid pedicle :

a,e, anterior extremity ; pe, posterior extremity
;

iihe Wolifian ridge passing between them.

The lappet or bud which first shows
itself appears to correspond most nearly

wdth the distal segment comprising the

hand or foot, the other two segments
being successively developed between
it and the root or girdle at an early

period. The new part shows itself first

by the notched separation of a segment between the terminal one and
the side of the body, corresponding to the forearm or lower leg, and
this is followed by the development in a similar manner of tlie proximal
segment, the upper arm or thigh.

While these changes in the limbs occur, other advances in form and
structure are discernible, first, in the appearance of four slight notches
in the free margin of the distal segment, indicating the commencement
of the pentadactylar division into the elements of fingers or toes, the
formation of which is even more marked by the differentiation of the

Fig. 702.

—

Outlines of the anterior Fig. 702.
EXTREMITIES OT HUMAN EMBRYOES AT
DIFFERENT AGES. (A.T., after His.)

A, at four weeks ; B, at five weeks ;

4J, at seven weeks ; D, at nine or ten

weeks.

deeper substance of the distal

segment ; second, in the occur-

rence of an inflection between
the middle and proximal seg-

ments, the hollow of which in the

fore-limb looks forward, and in

the hind limb backwards with
reference to the axis of the trunk

;

and third, in the rapid progress

of the deeper textural differen-

tiation which leads to the de-

velopment of the several components of the limbs, such as the skeletal,

muscular, dermal, nervous and vascular parts.

The rudimentary limbs consist at first entirely of a mass of nearly
3 F 2
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uniform blastemic cells derived from the parietal mesoblast, covered

superficially by the cuticular epiblast, which always presents at its

extremity a peculiar pointed or conical cap of thickened epidermis. (See

ilg. 703.)

The development of the parts of the limb now referred to, both in its

larger features and in its histological characters, is nsually somewhat
more in advance in the anterior than in the posterior extremities.

Fig. 703.

Fig. 703.

—

Transverse section of the body of the chick at the level of the
ANTEEiou EXTKEiiiTiES. (From Esmalc.

)

am, amnion in its ceplialic fold ; ep, epiblast ; s??i, parietal mesoblast ; vm, visceral

jnesoblast ; sp, spinal marrow ;
r/n, spinal ganglion and nerve roots ; vip, muscle-ijlate

;

dp, dei'mal plate ; ch, notocliord, with vertebral matrix round it ; a, aorta (the two
uniting into one) ; re, cardinal veins ; w, mesentery and Wolffian bodies ; ae, anterior

extremities composed of mesoblast, m, and covered with epiblast thickened at the point

;

i, intestinal canal open below into the yolk sac ; hy, hypoblast.

Attitude and position of the Limbs.—From the manner in which, the
primary lappeb or limb-plate grows from the side of the axial part of the trunk,

ib is obvious that at first it must present a dorsal and a ventral surface, corre-

sponding' respectively with those of the embryo body, and if we trace the subse-

quent changes which bring out the features of the later form, we shall find them
Buch as to show that the original dorsal aspect is the extensor and the ventral

aspect is the flexor surface of the limb ; and further that when the distinction of

the subordinate parts begins to be established, the thumb and gxeat toe, reckoned

in descriptive anatomy as the first of the series, and corresponding with the radial

and tibial borders of their respective limbs, are directed forwards or jDreaxially,

while the fifth toes, with the ulnar and fibular borders of their respective limbs,

are directed backwards or postaxially.

As development proceeds, the two i^rimary lappets, from being at fh'st simple

lateral extensions from the trunk, come to be folded ventrally or against the

body of the embryo, the anterior with something* of a backward, and the posterior

Avith a forward direction. But they have now also undergone other changes, by
which the attitude of the distal segments is affected differently in the two limbs^

in this respect, that in the fore-limb the flexure between the proximal and the
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middle segments is directed forwards or ventrally, while in the hinder limb it is

in the reverse direction, that is backwards or dorsally. In the human body this

flexure does not involve any considerable departure from the original relation of

the extensor and flexor surfaces to those of the trunk, although in the adult it

may appear to do so in consequence of the limb hanging somewhat obliquely in

a direction parallel to the main axis of the trunk. But in the hind limb it is

obvious that there must be from an early period a certain amount of rotation of

the whole limb or from the hip-joint dowuAvards, which brings the extensor

surface of the thigh, lower leg and foot forwards, and carries the flexor surface

of these parts backwards.

Pig. 704 . — Diagrammatic ^^S- ''O^-

OUTLINE OF THE PROFILE

VIEW OF THE HUMAN EM-
BRYO OF ABOUT SEVEK
WEEKS, TO SHOW THE PRIMI-

TIVE RELATIONS OF THE
LIMBS TO THE TRUNK.

(Allea Thomson.)

r, the radial (preaxial),

and u, the ulnar (xjostaxial,

border of the hand and fore-

ium ; t, the tibial (preaxial),

a;iid /, the fibular (postaxial)

Ijorder of the foot and lower

leg. (The foot is represented at a somewhat more advanced stage than the rest of the

embryo.

)

In quadrupeds, however, it is different as regards the fore-limb, for in them,
while there is the same kind and degree of rotation in the hind-limb, equal to a

quarter of a cii'cle, as in man, there is also a rotation of the humerus outwards,

and frequently a forward displacement of the upper end of the radius with more
or less complete pronation of its lower extremity, which brings the palmar aspect

of the fore-limb towards its original ventral position ; this becoming most com-
pletely restored when in the state of extension more or less of the forefoot

supports the body on the ground. In this the pollex, like the hallux, is placed

towards the mesial side. This rotation of the fore-limb, amounting in all to half

a circle, is made up of an outward rotation of the humerus at the shoulder-joint

and an inward rotation of the fore-aiin at the elbow-joint.

In the development of the seyeral deeper components of the Hmbs it

is to Tbe observed in the first place with respect to the skeleton, that the

formation of the bones with their accessory parts takes place by a

primary differentiation of the blastema into cartilaginous matrices and
fibrous or membranous parts, and the subsequent calcification of the

cartilages and subperiosteal ossification, in the manner fully described

in the histological part of this volume (p. 101), to which, as well as to

the history of the progress of ossification in the several bones, given in

the first volume, the reader is referred.

It may be further stated here that in all the bones of the limbs, with the

exception of the terminal phalanges, the processes of cartiLaginous calcification

and true ossification begin at the middle and extend thence towards the ends of

the bone-matrices, but m the terminal phalanges these processes commence in

the distal ends and proceed from thence inwards upon the rest of the bone-

matrices,—a fact of considerable morphological significance with reference to

the determination of the homologies of the terminal elements of the limbs iu

the lower vertebrates. (Dixey, Xo. 172.)

It may also be mentioned here that it has been found by Henke and Eeyher
(Xo. 16.5) that in the human embryo of the seventh and eighth weeks there is

a distinct cai-tilage, representing the cs centrale of animals, placed between the
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scaphoid, magnum and trapezium cartilages, but this central cartilage gradually

diminishes and passing dorsally disappears in the course of the third month,
without either uniting with any of the neighbouring bone-matrices or under-

going ossification.

Muscles.—With respect to the muscles of the Kmbs, it seems still

doubtful whether they proceed directly from the muscle-plates, which it

is admitted reach the root of the limbs by their outer edge, or whether

they arise locally. It may be that the muscles take their origin in both

of these modes, the trunk-muscles which are attached to the limbs

being most probably formed in connection with the muscle-plates.

The Joints.—The differentiation of the blasteniic tissues into the

parts which are to form the joints takes place at the same time that the

primary chondrification shows itself for the formation of the bone-

matrices, and is coincident also with the commencement of the peri-

chondrium and the fibrous and vascular osteogenic elements. There are

at first no joint-cavities, and the fibrous or connective tissue, forming a

sort of articular plate between the bone-matrices, may therefore be said

to unite them by syndesmosis. But very soon, or in the human embryo
of from seven to eight weeks, when chondrification is complete, narrow

slits make their apjjearance in the places of the future joint-cavities, and
the fibrous structures retiring from the interior towards the surface, the

cavities undergo enlargement into their permanent form,—a process

which approaches completion in the human embryo of four months.

The ligaments are developed from the remains of the fibrous matrix^

in connection with the earlier perichondrium which becomes converted

afterwards into permanent periosteum.

ITerves and Blood-vessels.—The nerves of the limbs probably

differ from their other constituents as regards their origin, iu this

respect, that they are prolonged into the limbs by extension from the

nerve-roots which emanate from the spinal marrow. Similarly the blood-

vessels of the limbs arise to some extent by prolongation from those of

the trunk ; but no doubt there are also many blood-vessels formed locally

or within the mesoblastic tissue of the limbs ; and it is not known to

what extent the growth of the nerves in the peripheral parts of the trunk

and limbs may be due to a similar local development.

IV. BXTEENAL COVERINa OF THE BODY AND LIMBS.

The epiblast which is not employed in the formation of the nervous

centre or other deeper parts remains as the source of the epidermis and

its appendages. This covers all the external surface of the body and

penetrates into such cavities as the mouth and nasal fossas, &c., whose

surfaces are in original continuity with it. Besides the two layers dis-

tinguished as corneous and mucous in the epidermis, it gives rise to

the hairs and nails, and the teeth of mammals, to the feathers of birds

and to the scales and horny plates of these or other animals. It is,

however, cloSely united with the subjacent dermoid tissue, from the

blood-vessels of which the materials for its formation and that of its

appendages are derived.

The true skin or dermis, of a much more complex structure, is formed

entirely from mesoblast, and arises in close connection with the muscular

plates The fascife and connective tissues spring fi'om the same source.

The cellular structm^e of the sebaceous and sudoriferous glands, and
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also of the mamma?, is all of true epiblastic origin ; but their blood-

vessels, connective tissue, and other superadded parts are derived from
mesoblast.

V. FORMJ!lTION of THE HEAD.

The distinction between the head and trunk by the formation of a
cer'^acal constriction is a change of comparatively late occurrence, but even

long before this constriction appears, the characteristic features of the parts

in these three regions have become apparent. The head may be said to

consist at first Avholly of the cranial part,—the face being developed at a

later period from a series of outgrowths or bars which proceed down-
vv^ards and forwards from the base and fi'ont part of the cranium. The
head in its primitive cranial form is, of course, covered externally like

the rest of the body by the epidermis derived fi'om the epiblast, and
between this and the primary medullary wall of the great nervous centre

a layer of mesoblast is soon interposed, from which originate the cover-

A Fig. 705.

Fig. 705.

—

Yertical sectioi^ of the head in eaklt ejibrtoes of the rabbit.

Magnified. (From Milialkovics.

)

A. From an embi-j-o of five millimetres long.

B. From an embryo of six millimetres long.

In A, the faucial opening is still closed ; in B, it is formed : c, anterior cerebral

vesicle ; mc, meso-cerebrnm ; mo, medulla oblongata ; m, medullary layer ; if, infundi-

bulum ; am, amnion ; spe, spheno-ethmoidal, be, central (dorsum sellse), and S2m, spheno-

occipital parts of the basis cranii ; J>, heart
; /, anterior extremity of primitive ali-

mentary canal and opening (later) of the faiices ; i, cephalic portion of primitive

intestine ; ch, notochord ; py, buccal and piituitary involution.

ings of the brpin, the muscular plates, the cartilaginous and bony
elements, the true skin, the connective tissue, blood-vessels, and other

components of the more advanced cranial walls. This mesoblast may
be regarded as a cephalic prolongation of the protovertebral plates of the

trunk, but as we shall see hereafter mthout midergoing obvious meta-

meric segmentation.

The notochord, as already stated, extends for some distance into the

base of the cranium, and is there imbedded in a mass of tissue, the in-

vesting mass of Eathke, which afterwards becomes the parachordal car-

tilages forming the principal matrix of the future bony walls of the
cranial base, as far forward as the sella turcica. From this place the
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cartilaginous rudiments are continued forwards in two more or less united

bars named the trabecule cranii by Eathke, and having a space between

them posteriorly which is afterwards the seat of the pituitary gland.

The trabeculfe stretch forward until they reach the region of the olfactory

pits, and enclose that depression on each side with the nasal cartilages

developed from them in front.

The basis cranii in this view may be considered as composed of a

posterior chordal part the occipito-sphenoid, and an anterior achordal

part the splwio-dlimoid.

The facial part of the head, on the other hand, is mainly composed of

plates or bar-like growths from the front and sides of the base of the

cranium which may be distinguished as of two sets, according as they

are placed in front of or behind the mouth or buccal cavity. But the

mouth as we know it at a later period, either in the form of a cavity of

the face or as the anterior aperture of the alimentary canal, has at first

no existence, the anterior extremity of that canal being closed by the

original cephalic fold of the blastoderm, and the forehead, nose, cheeks,

jaws and lips being as yet entirely absent.

Fig. 706.

Fig. 706.

—

Side view of ths head of an embryo-
chick OP THE THiiiD DAY. (From Balfour.)

CH, cerebral lieniispheres ; FB, thalamen-

cephalon ; MB, niidbrain ; Ch, cerebellum ; HB,
medulla oblongatfe ; iV, nasal pit ; ot, axiditory

vesicle not yet closed externally ; op, optic vesicle,

with I, the lens, and clif, the choroidal fissure (in

mesoblast) ; 1 F, the first visceral fold or plate, the

superior maxillary fold slightly indicated above it ;

2, 3, iF, the second, third and fourth visceral plates

with the visceral clefts between them.

The mouth therefore is formed by a transverse cleft or depression

between facial bars or plates, and owes its production as a cavity more
to the development outwards of these bars, than to the depression in-

wards of the anterior cranial wall in which it is situated. The later

formed buccal aperture or communication with the pharynx is produced
only on the fifth day in the chick by a wearing through or absorption

of the epiblast and hypoblast of the original cephalic fold at the fauces

or anterior part of the primitive alimentary cavity. The facial plates

which are in front of the future mouth, and are sometimes named
preoral arches, consist mainly of the single or median fronto-nasal plate,

and in lateral pairs of the external nasal and maxillary plates, the last

constituting the basis of the upper jaw, and arising in connection with

the mandibular next mentioned.

The subcranial plates or bars which lie behind the mouth, and are,

therefore, named ^jos/ora? arclies, consist in the amniota of five pairs of wall

plates, meeting each other ventrally below the mouth and pharynx. The
first of these, liamed mandibular, is that in which the lower jaw is

formed. The second pair of bars is the seat of development of the upper

part of the hyoid bone, and is therefore named hyoid. The three follow-

ing bars correspond in their relations with the most anterior of the

arches which support the developed gills of aquatic vertebrates, and may
therefore be strictly named branchial,—a name which was not inappro-

priately given to the whole series by their discoverer, Rathkc.

The skull like the rest of the skeleton is at first entirely membranous

;
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chondrification then takes place in certain parts of the blastema ; and
ossification follows in the third stage, partly in the cartilaginous and
partly in the membranous matrices,

1. The Cranium.—The basal portion of the cranium, as already

stated, consists primarily of two fundamental parts. Of these the

posterior is distinguished, as before stated, by the presence of the pro-

longation of the notochord within it as far forward as the part of the

skull which afterwards becomes the dorsmn sellas. This portion, com-
prehending the parachordal plates which surround the anterior extremity

Fig. 707.

—

The loavei!, or cartilaginous part op
THE CRANIUM OF A CHICK OF THE SIXTH DAY.

(From Huxley.)

1, 1, chorda dorsalis ; 2, the shaded portion here

and forwards is the cartilage of the base of the skull

;

at 2, the occipital part ; at 3 the prolongations of

cartilage into the anterior part of the skull called

trabeculce cranii ; 4, the ijituitary space ; 5, parts of

the labyrinth.

of the notochord, contains the matrix of the

future basi-occipital and basi-sphenoid car-

tilages. By its later extension to the sides,

it forms the matrix of the exoccipitals and
the periotic mass of cartilage which sur-

rounds the primary auditory vesicles. The main part extends forward
below the posterior and middle primary encephalic vesicles, ending at

the pituitary fossa.

The splmio-cdimoid portion of the basis cranii contains the matrix of

the presphenoid, and the septal-ethmoid cartilages. It is mainly pro-

duced in connection with the trabecule cranii, which are in direct

continuity with the anterior part of the parachordals.

The trabecular part lies IdcIow the anterior encephalic vesicle, and
becomes greatly modified in connection with the expansion of the

cerebral hemispheres and the development of the nasal fossas and mouth,
together with the other parts of the face.

The three principal sense organs, it may here be stated, the nose, eye,

and ear, formed in connection with their several primai-y nervous parts

derived respectively from the cerebral hemispheres, the thalamencephalon,

and the third primary vesicle, are interposed between the rudimentary

parts of the head as follows, viz. : the nose between the frontal,

ethmoid and maxillary ; the eye between the frontal, sphenoid, ethmoid
and maxillary ; and the ear between the basi-occipital, exoccipital and
alispheuoid. Of these the auditory vesicles come to be surrounded by
a thick cartilaginous wall which is continuous with the parachordal

cartilage and seems to take the place of that cartilage as a part of the

general cranial wall.

While the base of the cranimn, to the extent already mentioned, is

cartilaginous in its origin, the lateral and upper walls are chiefly of

membranous formation, as in the squama occipitis, the squamo-zygomatic
of the temporal, the parietal and the fi'ontal bones.

The membranous tissue in which these flat bones of the cranial vault

are formed is regarded by Kblliker as of dermal origin, and the bones as

belonging to the group of investing bones. Their formation is however
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in part supplemented by the extension upon tlieni from below of a plate
of cartilage which is placed internally to the membranous matrix.
The tralieculas stretch forward to the anterior extremity of the head,

and maintain the foremost place in the seat of the nasal cartilages and
external apertures of the nose. Behind these the coalesced trabeculfe

Fig. 708. Fig. 708.

—

View fkom below of the carti-
laginous BASE OP THE CRANIUM WITH ITS
OSSIFIO CENTRES IN A HUIIAN ECETUS OF
ABOUT FOUR iiONTiis. (From Huxley, slightly

altered.)

The bone is clotted to distinguish it from the
cartilage, which is shaded with lines. 1, the
basilar part, 2, the condyloid or lateral parts,

and 3, 4, the tabular or superior part of the
occipital surrounding the foramen magnum ; 5,
centres of the presphenoid on the inside of the
optic foramen ; 6, centres of the post-sphenoid

;

7, centres of the lesser wings or orbito-sphenoid
;

8, septal cartilage of the nose ; 9 and 10, parts
of the labyrinth.

form a narrow ethmo-vomerine car-

tilage, the nasal septum, romid the back
of which the vomer is formed as a

bony splent covering ; while in the hinder lyre-shaped interval of the

separated trabecule is placed the infundibulum in connection with the
pituitary body.

From the side of the presphenoid cartilage the matrix of the orbito-

sphenoids or lesser wings, containing the optic foramina, is developed :

and from the sides of the basi-sphenoid proceeds the matrix of the
greater wings, Avhich are also cartilaginous in their origin.

Ill the periotic or cartilaginous rudiment of the temporal bone three

centres of formation are distinguished by Huxley, viz.: 1. OpisthoUc, or

that surrounding the fenestra rotunda and cochlea ; 2, prootic, or that

which encloses the superior semicircular canal ; and 3, cpiotic, or that

Fig. 709.
Fig. 709.

—

Basilar part of the primordial craniuji

OF A HUMAN FODTUS OF THREE 3I0NTHS, SEEN FROM
ABOVE. (From Koiliker.)

a, upper half of the squama occipitis ; h, lower half of

the same ; c, cartilaginous plate extending into it ; d,

(in the foramen magnum) the exoccipital ; e, basi-occipital

;

/, jjetrous, with the meatus auditorius internus; g, dorsum
selire, with two nuclei belonging to the basi-sphenoid
bone ; li, nuclei in the anterior clinoid processes ; i, great
wing nearly entirely ossified ; h, small wings ; I, crista

galli ; m, cribrethmoid ; n, cartilaginous nose ; o, strip of

cartilage l^etween the sphenoid and the parietal ; ^j,

osseotis plate between the lesser wings and the cribriform

1- late.

which surrounds tlic posterior semicircular canal and extends into the

mastoid portion. They soon unite into one so as to form the petro-

mastoid bone.

Here it may be stated that, in addition to the parts of the skull before-

mentioned, the ethmo-turbinals and cribriform plate, the styloid j^rocess

and the three auditory ossicles are of cartilaginous origin ; but the
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tympanic ring, the nasal, masillaiy and other facial bones are all formed

in membrane. To these, however, we shall recnr hereafter.

In the cranium of the human embryo chondrification begins in the

basilar portion in the fourth, and fifth Aveeks, and is nearly completed

for the principal parts by the eighth week, soon after which in the course

of the tenth week cartilaginous ossification sets in. But in some of the

membrane bones, as for example in the lower jaw, ossification begins at

a much earlier date, probably in the sixth Aveek.

The form of the head is greatly modified at an early period of deve-

lopment by the cranial flexure as well as by the changes which accom-

pany the de^-elopment of new parts.

The Cranial Flexures.—The earliest and the most important of the

cranial fiexm-es is that, previously mentioned, which takes place at the

anterior extremity of the notochord and in the region of the mid-brain

or middle encephalic vesicle. At this place the medullary tul3e, and the

substance forming the wall of the cranium especially, undergo a sudden

Fig. 710. L0XGITtJDIN.i.L SECTION THKOtTGH THE Fig. 710.

HEAD OP AN EMBKYO OF FOUR WEEKS. (FrOBl

KoUiker.) \".

V, anterior enceplialic vesicle, cerebral portion

;

2, inter-brain ; m, mid-brain; /(, cerebellitm ; n,

medulla oblongata ; no and a, optic resicle : o,

auditory depression ; t, centre of basi-cranial

flexure ; t', lateral and binder parts of tentoriam ;

p, the fold of epiblast -vvbicb forms tbe bypo-

j)bysis cerebri.

bending downwards and forwards, so

as to cause the projection of the

thickened cranial base in a marked manner upwards. This coincides

Avith the place where the parachordals and the trabeculte meet, and Avhere

interiorly the x^ituitary body, and superiorly the infmidibulum come into

close relation.

Above and behind this, the mid-brain gives greatest prominence to

the part of the cranimn occupied by it, a feature wliicli remains cha-

racteristic of the embryo head for a considerable time.

The great cranial flexure thus marks the division between the strictly

basi-cranial, or occipito-sphenoidal, and the basi-facial, or spheno-

ethmoidal part, the chorda terminating betAveen those tAvo portions of

the cranial base, with a thinner pointed part. Here the end of the

chorda is bent doAvnsvards and forwards, and terminates in the post-

sphenoid body, at the dorsum sellee.

Other flexures also occur in connection Avith the development of the

brain, but these do not affect materially the external form of the head.

In man and the higher mammals the greatest modification of that form
results primarily fi'om the expansion of the cerebral hemispheres, nnd
secondarily from the formation and proportional increase in the size of

the jaws and other parts of the face.

1. The Face.—The formation of the facial part of the head takes

place sujoerficially by the doAA'UAA'ard and forward groAvth from the

front and base of the simjjle cranium of the median fronio-nasal

and the lateral maxil'lary and mandihular plates, and more deeply by
the deA'elopment of parts in connection AA'ith the crauio-facial axis,

which is formed by the spheno-etlunoid extension of the trabeculee



812 FEAMEWOPtK OF THE EODT.

cranii. These formative changes are of a very complex kind, and com-
prehend the production of the external nose, the lips and cheeks, the

jaws and palate, the deeper nasal fossce and their laljyrinth, the buccal

cavity and the orbits, the auricle, auditory meatus and tympano-
Eustachian passages, together with the various cavities of the tjones in

communication with the involuted nasal passages, such as the ethm^oid,

maxillary, sphenoid and frontal sinuses.

These parts all arise mainly in mesoblastic tissue, but are covered

externally by epiblast, or are lined internally by that layer, excepting

the tympano-Eustachian passage, which has a hypoblastic lining. The
basi-facial axis is at first necessarily very short, as it lies only below the

undeveloped first cerebral vesicle, but it speedily assumes greater propor-

tions as it is elongated forward with the enlargement of the cerebral hemi-

spheres and the simultaneous development of the nasal and buccal fossse.

The nasal fossas take their origin in the form of two simple depres-

sions, the ]3ri7imry olfactory or nasal jnfs, which appear on the lower

Fig. 711.
Fig. 711. CUANIU^I AXD FACE OP THE

HUMAN EMBRYO, SEEN FP.Oil BEFOKE.
(From Eckcr.)

A, from an embryo of about three weeks :

1, anterior cerebral vesicles and cerebral

hemispheres ; 2, inter-brain ; 3, middle or

fronto-nasal process ; 4, superior maxillary

plate ; 5, the ej'e ; 6, inferior maxillary or

mandibular plate (first postoral) ; 7, second

plate ; 8, third ; 9, fourth, and behind each
of these four p)lates their respective pharyn-

geal clefts. B, from an embryo of five

weeks : 1, 2, 3, and 5, the same as in A
;

4, the external nasal or lateral frontal pro-

cess ; 6, the superior maxillaiy plate ; 7,

the mandibular ; x , the tongue ; 8, the first

pharjnigcal cleft, which becomes the auditory passage.

surface of the wall of the anterior cerebral vesicle at a very early period

when no other parts of the face have yet been formed. But the trabe-

cular part of the cranial wall, now extending forwards and doubling

itself at its anterior extremity, curves round both the nasal pits from the

inside and above, so as to cover them in some sort with a dome (Parker),

in comiection with which are afterwards formed the forepart of the septum
and the lateral nasal cartilages. The nasal pits have at first no connec-

tion with the mouth, which forms a transverse depression in the lower

and hinder part of the future face ; but later, or by the fifth week in

the human embryo, these cavities are brought into communication by
the formation of the nasal grooves which run backwards one from each

olfactory pit into the mouth, and at the same time the nasal fossee begin

to extend themselves upwards as narrow passages on each side of the

enlarging septum,^ the lower part of the fosste being still left in open

communication with the buccal cavity.

Fro7ito-nasal Plate.—The external nose owes its origin to the

development of the fronto-nasal plate, previously mentioned, which
forms a broad median lappet in the fifth and sixth weeks of the human
embryo, descending from the front of the cranium between the two large

ocular vesicles as far as the transverse buccal cleft. It is free in front

and inferiorly, but behind it is in union Avith the parts developed from
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the trabecular axis. Its lower border encloses the nasal pits "which come
to form deep notches in it, and it is thus divided into a median and two
lateral nasal processes. The central diTision forms the prominent part

oi the future nose with its cohnnella below, and its further prolongation

downwards gives rise to the limula or central part of the upper lip
;

while the parts outside the nasal notches, the external nasal ^^rocesses,

receding somewhat, reach the orbital fissure, and are the source, later, of

the alas of the nose.

The further development of the nose consists mainly in the formation

of the deeper parts, such as the septum, cribriform plates, and the

labyrinth or turbinal portions, which will be noticed in connection with

the olfactory organ. Here we have only to do with its relation to the

face and mouth.
The Mouth.—The buccal cavity arises as a wide cleft or depression

in the lower part of the face, having above it the fronto-nasal process

in the middle, and the superior maxillary processes on each side, and

A /

Fig. 712.—OUTLIN-ES SHOWING THE EARLY CHANGES IN THE F0K3I OF THE HEAT) OF THE

HU3IAN EMBRYO.

A, profile view of the liead and fore part of tlie body of an embrj'o of about four Aveeks

(from nature, ^f ) : a, the auditory vesicle ; 1, mandibular arch, and behind this are seen

the three following arches with the corresponding pharyngeal clefts. B, embryo of

about six weeks (from Ecker, f) ; 1, the lower jaw : ]', the first pharyngeal cleft, now
widening at the dorsal end, where it forms the meatus externus ; the second cleft is

still visible, but the third and fourth clefts are closed and the con-esponding plates hare
nearly disappeared. C, from a human foetus of nine weeks (from nature, |) ; the features

of the face are now roughly formed ; the meatus is forming in the dorsal end of the first

pharyngeal cleft, and the auricle is beginning to rise from its outer border.

below it the first pair of visceral arches or mandibular plates, which
meet each other in the middle, and are continuous round the outer

angles of the mouth with the maxillary processes ; the deepeniug of the

buccal cavity itself being mainly due to the outward development of

these several processes.

The primitive mouth {stomodceurti) is therefore lined entirely by epi-

blast, and is separated from the fore-end of the pharynx by this layer,

as well as by the inflection of the visceral mesoblast and the hypoblast
which close that cavity anteriorly. The establishment of a communica-
tion between the mouth and pharynx by the wearing through of the
several blastodermic layers named, in the form at first of a vertical slit,
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takes place on the fifth day in the chick, and probably at the eighth or

ninth week in the human embryo. To this change, which gives rise to

the aperture of the fauces, reference will again be made in the history of

the developnient of the alimentary cai'ial. From what has been said pre-

viously, it is iipparent that the upper lip is formed in part by the fronto-

nasal and maxillary plates which are at first separated by the orbital

fissures, and that the lower lip is a part of the mandibular plates. The
integrity of the upper lip is established by the inward advance of the

superficial part of the lateral maxillary processes, which, coalescing Avith

both the internal and external nasal processes, close in the nasal notches

inferiorly as the nostrils, and obliterate in great part the orbital fissures,

Fig. 713.

—

Head of human embryo of kight wekks, seen
FROM BELOW, THE LOWER JAW HAVING BEEN REMOVED. *.

(From Kolliker. )

11, the external nasal apertures ; i, premaxillary process, and
outside this tlie internal nasal aperture ; m, palatal process advanc-
ing from the side to form the partition between mouth and nose

;

2), common cavity of the nose, mouth and i^haryux.

leaving only more deeply within them the lachrymal
canals or nasal ducts. While the upper lij) is thus

completed superficially, a deeper development and union of the maxillary

and intermaxillary matrices occurs, which leads to the completion of the

alveolar arch.

The separation of the cavity of the mouth strictly so called from the

Tiasal foss^, is effected by the development of the palatal or pterygo-

paiatal processes of the maxillary plate, which advancing inwards from
the two sides meet and coalesce with each other and with the septum
descending from above in the middle line. But this median union does

not in the same form extend to the anterior part which is occupied by
the intermaxillary process ; for here the maxillo-intermaxillary cleft is

double, and, when the union of the opposite parts takes place, the naso-

palatine canal is left as the vestige of the previous fissures.

Fig. 714. Fig. 714.

—

Outline of a
TRANSVERSE VERTICAL
SECTION THROUGH THE
NOSE AND UPPER JAWS
OF A sheep's EMBRYO
WITH OPEN PALATE.
( From Kolliker) slightly

magnified.

The lower jaw and
tongue are removed ; Hi, the

mouth ; d, dental germs ;

2'), the palate plates ap-

proaching each other in

the middle
; /, the nasal

fosste ; c, nasal cartilage
;

s, seijtal cartilage
; j, the two organs of .Tacobson with their cartilages internally.

The median union of the palate begins in front about the eighth

week in the human embryo, and reaches the back part, Avhen completed,

in the ninth and tenth weeks. There are thus formed the hard and soft

palates as the floor of the lower or respiratory part of the nasal fossce,
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leading posteriorly into the pharynx, and the roof of the proper buccal

cavity. The malformations of double hare-lip and masillo-intermaxil-

lary clefts, which usually accompany it on one or both sides, together

with that of the single or median cleft palate in its various degrees,

receive an interesting explanation from the study of the developmental
phenomena now referred to.

It is in connection witli the lower part of the septum and intermaxillcary plate

that there are found at an early period in the human embryo as well as in that
of other mammals the rudiments of the Organ of Jacotoson and the inferior

internal nasal cartilages which surround them externally (see fig. 71 i).

It may further be mentioned at this place that from the roof of the mouth at

a very early period, as by the third or fourth week in the human embryo, there

is formed the diverticulum lined by epiblast, which in its combination with the
infundibulum and farther development, gives rise to the pituitary body (see

later, p. 831).

In the superficial part of the maxillary plates are formed the superior maxillary
and malar as membrane or investing bones, and on the inside of the orbit in

connection with the nasal duct the lachrymal bones.

There is a marked difference between the bones which arise in connection with
the trabecula3, such as the pre-sphenoid, orbito-sphenoid, septal ethmoid, cribri-

form and ethmo-turbinal, which have all cartilaginous matrices, and those which
are of membranous origin and have an investing character, such as the nasal,

lachrymal, vomer, internal pterygoid, palatal, superior maxillary, malar and
mandibular bones of the face. It is, however, an interesting fact (KoUiker) that

the various sinuses which come to occupy places within some of the cranial and
facial bones, such as the ethmoid, maxillaiy, sphenoid and frontal, all arise by
extension of the epiblastic lining of the nasal passages, and are preceded by the
formation of cartilaginous capsules, within each of which the epiblastic exten-

sion is situated, and that these epiblastic and cartilaginous capsules make their

way gradually into the interior of the respective bones afterwards occupied
by the sinuses, the bones being gradually hollowed out by absorption to receive

them. In this process the ethmoid sinuses are the earliest to be formed, begin-

ning at the sixth month in the human embryo ; the maxillary follow very soon, or

nearly at the same stage, but continue to grow for a long time. The sinuses do not
penetrate the sphenoid till about the seventh year, having peculiar relations with
the bones of Bertin (see vol. I., p. 72), and the frontal sinuses are the latest in

appearing, not having made much progress till the age of puberty, when they
expand rapidly, and when also all the others undergo a greater extension.

2. Fostoral Visceral Arches—Branchial Arches.—The formation

of the lateral and lower parts of the face, includmg the mouth and
lower jaws, the hyoid apparatus, the auricles and tympano-Eustachian
passages, is intimately connected with the development of the sub-

cranial pairs of processes Avhich are most appropriately named the

Visceral Arches, as enclosing the mouth and the anterior or pharyngeal
portion of the primary alimentary cavity. The visceral arches now
referred to were first described by Eathke in 1825, (No. 173,) and from
their general homology with the arches of the gills in aquatic animals were
named by him the branchial arches. Their development was subsequently

very fully investigated by Eeichert (1837, No. 174).

In the amniota the postoral visceral arches are four, or, according to

some, five in number. The first or anterior of these plates, which forms
the posterior margin of the mouth, and is named mandidular, is the seat

of formation of the lower jaw ; the second, named lipoid, gives origin in

part to the hyoid apparatus ; the third arch, in wliich the remainder of the

hyoid bone is formed, and which may be named thyro-hyoid, corresponds to
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the first of those which in aquatic animals undergoes full branchial de-

velopment, but which in the amniota, like the two following it, never

bears gills.

The fourth and fifth arches have no special names, but might be

termed post-hyoid or cervical, as being situated in the jjlace where the

elongation of the neck occurs at a later period,— a process which gives

rise to some of the peculiar features familiar to anatomists as character-

ising the parts occupying the cervical region.

Visceral Clpfts.—Behind each of these visceral arches there is

placed on each side a cleft which runs through the wall of the body
from the external surface into the cavity of the pharynx, thus bringing

epiblast and hypoblast into continuity. The first of these clefts, which
from its position may be named hyo-mandibular, is afterwards the seat

of the formation of the Eustachian passage and cavity of the tympanum

Fig. 715.

—

Side view of the head op an
Fig. /15. EMBRYO-CHICK OF THE THIKD DAY. (From

..„ Balfour.

)

CH, cerebral hemisijlieres ; FB, vesicle of tlie

third ventricle ; MB, inid-brain ; Oh, cerebellum
;

HB, medulla oblongata ; N, nasal pit ; ot,

auditory vesicle not yet closed externally ; op,

optic vesicle, witli I, the lens, and ch.f, the

orbital fissure (in mesoblast) ; li^, the first

visceral fold or plate, the superior maxillary fold

slightly indicated above it ; 2, 3, AF, the second,

third, and fourth visceral plates with the visceral

clefts between them.

internally, Avhile the meatus auditorius is developed externally round the

dorsal part of the cleft by the outgrowth of the neighbouring parts of

the two arches ; the membrana tympani groAving up between them.

The external auricle is developed from the integument behind the

meatus. The three remaining clefts, which represent branchial aper-

tures of aquatic animals, are all closed in the amniota at an early period,

corresponding to the sixth or seventh week in the human embryo.

In some of the lower vertebrates, as in the elasmobranchs and cyclostomes,

the hinder branchial arches are more numerous than in other animals, and in

some the hyoid arch possesses a developed gill. In aquatic animals generally the

gill arches have cartilaginous bars, but in man and mammals it is only in the

three first visceral arches, that is, the mandibular, hyoid and thja-o-hyoid, that

cartilaginous bars are fonned.

Through each of the visceral arches there runs a considerable arterial vessel,

•^-hich is one of the five pairs of vascular arches formed by the division of the

aortic bulb, and which in the embryoes of amniota reunite dorsally, without sub-

division into branchial vessels, to form the aorta (see Vascular System, y>- 868).

It is an interesting fact stated by Balfotir that in the early stages of develop-

ment of the branchial plates in elasmobranchs there is in the outer part of

each of them a cavity extending from the ventral to the dorsal ends, which he
regards as having been derived by extension from the general body-cavity in the

same manner as occurs in the vertebral somites of the trunk of the body ;
and

further that muscle-plates are formed round these head cavities, which probably

furnish the rudiments of a certain number of the head muscles.

Farther Destinaiion of the Visceral Arches.—Some of the remaining-

facts respecting the development of the visceral arches will be most

conveniently described along with those relating to the formation of
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the ear and other organs with which they are associated. Here it will

be sufficient to state shortly the principal destination of each of

them,
The cartilage of the first or mandibular visceral arch has long been

known as the cartilage of MccJccJ, which occupies the deeper part of the

arch from a very early period, and, attaining considerable size, remains

visible in the hmnan foetus up to the sixth or seventh month. Its

proximal portion is now laiown to be converted into the malleus of

mammals, and into the homologous quadrate bone of reptiles and birds.

In mammals the lower jaw, corresj)onding mainly with the dentary

bone of other animals, is developed at a very early period first from

Fig. 716.

—

Plan of the skull, &c., Fig. 716.

OF THE EMBRYO PIG, SEEN FROM
BELOW. Magnified ten diameters.

(From Parker.)

tr, cartilage of the trabecule ; ctr,

cornua trabeculamm
;

pn, prenasal

cartilage
; pp(J, pterygo-palatine car-

tilage ; mn, the mandibular arch

with Meckel's cartilage ; ati, the

auditory vesicle ; hy, the cerato-

hyoid arch ; tlih, the thyro-hyoid

;

py, the pituitary fossa ; di, the

notochord in the cranial basis, sur-

rounded by the parachordals (jr)
;

\ii, facial nerve ; ix, glosso-pharyn-

geal ; x, pneumogastric ; xii, hypo-

glossal nerve.

membrane outside Meckel's car-

tilage : but it is also partially

incorporated with those car-

tilages at their lower or distal

partwhere theymeet each other

in the symphysis. A part of

Meckel's Cartilage between the

jaw and the malleus is con-

A^-erted into the so-called in-

ternal lateral ligament of the

jaw.

The second or hyoid visceral arch is originally closely united Avith

the first arch at its cranial extremity below the auditory capsule. It

contains in its proximal part the cartilaginous matrix of the incus,

which becomes articulated with the head of the malleus formed in the

-adjacent proximal part of the mandibular arch. The remainder of this

cartilaginous bar forms the tympano-hyal and styloid processes, the stylo-

hyoid ligament, and the lesser wings of the hyoid bone (cerato-hyal).

The third "vdsceral arch or thyro-hyoid gives rise, by its cartilaginous

matrix, to the great wings and body of the hyoid bone. It supports the

rudiment of the thyroid cartilage, and is closely connected with the

development of the larynx.

The fourth and fifth arches, as already remarked, may be considered

as belonging to the neck rather than to the head. The congenital

fissures of the neck which have been observed as a malformation, and
which usually open externally far doAvn in that region, may be due to

VOL. II. 3 a
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the persistence of one or more of the branchial clefts, much dj'awn out

by the cervical elongation.

The tongue is formed, according to KoUiker, in connection with the

three first visceral arches, but mainly with the mandibular. Its co^'ering

Fig. 717. Fig. 717.

—

Side yiew of the manmbtjlak and
HYOID ARCHES IN AN EJIBRYO PIO OF 1-^ INCH
IN LENGTH. (From Balfour, after Parker.

)

tcj, tongue ; mh, Meckel's cartilage ; onl, body
of malleus ; nib, its mamibrium or handle ; t.ty,

tegmen tympani ; i, incus ; st, stapes ; iJiy,

inter-hyal ligament ; st.li, stylo-hyal cartilage
;

h.h, hypoliyal ; i/t, basibrancHar ; th.li, rudi-

ment of first branchial arch ; 7a, facial nerve.

See also fig. 745, p. 839.

is derived from the epiblast of the mouth, its muscular substance

probably proceeds from the muscle-plates of the visceral arches, and it

rests by its base on the mesial process of the third arch, the basihyoid

element.

Relation of Developmental Facts to the Morphology of the Head.—
It may be freely admitted that there is no primary segmentation of the
formative elements of the head similar to the division of the vertebral or m3so-
blastic somites of the trunk ; and yet there are not wanting- proofs that the
development of the head takes place in its earlier phases on essentially the same
plan, and from the same blastodermic elements as the axial part of the trunk ;

while there are also sufficient grounds for recognising in the later stages of the
formation of the cartilaginous matrices, and in the ossification of the bones,

indications of some degree of segmentation of the cranial and facial elements.

These indications are to be found mainly in 1, the prolongation of the noto-

chord and its parachordal investment from the vertebral axis of the trunk into

the cranial base ; 2, the enlargements of the notochord at certain places cor-

responding with the later separation of the bones ; 3, the division of the

visceral arches and the extension of the body cavity into their substance, together

with the formation of muscle-plates in each of them ; 4, the general similarity

in the relations of the cranial and facial bases and the neural arches to the

nervous centre and the issue of the nerves on the one hand, and of all these to

the visceral or alimentary cavity on the other. But while these considerations

would seem to indicate a morphological correspondence between cephalic and
vertebral rudiments, much is still wanting to fill up the details of the comparison

between them ; and, admitting the serial homology to exist, the number of meta-
meric somites or divisions of the head is not as yet by any means determined.

II. DEVELOPMENT OF THE NERVOUS SYSTEM.

It is one of the most important generalisations resulting from modem
embryological inquiry, as has been well remarked by Balfour, that all

the organs of the nervous system take their origin from the epiblast, or

from the same source as the cuticular covering of the body. And this

fact is not confined to vertebrate animals, but is universal throughout

the whole of the Metazoa.

I. THE CEREBBO-SPINAli CENTRE.

In Vertebrates the first of these organs to appear is the great nervous

centre comprising the brain and spinal cord in their primary rudimen-

tary form of a simple medullary tube (as previously stated at p. 749) ; and
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ifc is now ascertained that -while the central organs are produced hy an

involution and rapid growth of the epiblast in the line of the vertebral

axis of the body, the roots and part at least of the peripheral nerves are

developed l^y secondary extension from the primary medullary centre.

Fis. 718. Fig. 719.Fig. 718. Outline from above op thb
elibrto chick in the first half of

the second day.

1 to 2, the three primary encephalic,

vesicles enclosed in front and at the sides

bj' the cephalic fold ; 3, the hinder ex-

tremity of the medullary canal dilated

into a rhomboid space in which is the

primitive trace ; 4, 4, seven proto-vertebral

somites.

Fig. 719.

—

Embryo of thf, dog more
ADVANCED, SEEN FROM ABOVE. (After

Bischoff.)

The medullary canal is now closed in
;

c, the anterior encephalic vesicle ; o, the

primitive optic vesicle ; au, the primitive

auditory vesicle opposite the third en-

cephalic vesicle ; am, the cephalic fold

of the amnion ; ov, the vitelline veins

entering the heart posteriorly
; 2^'', the

protovertebral somites.

But it is not yet fully ascertained whether tlic whole of the peripheral

nerves are derived from this source or are formed by secondary differen-

tiation from blastema in the more remote seats of their origin.

From what has been previously stated it will have been seen that the

rudiment of the cerebro-spinal nervous centre is formed more immedi-
ately from the thickened medullary plates of the involuted epiblast, the

ridges of which, rising from the surface of the blastoderm, become united

dorsally along the middle line so as to close in a hollow medullary tube of

a cylindrical form. This tube is wider at its anterior or cephalic extre-

mity, and this dilated portion becomes divided by partial constrictions,

first into two, and very soon after into three primary cerebral or

encephalic vesicles, which represent anterior, middle and posterior

Fig. 720.

—

Transverse sec-

tion THROUGH the EMBRYO
OP THE CHICK AND BLASTO-

DERM AT THE END OF

THE FIRST DAY. MAGNIFIED

PROM 90 TO 100 TIMES.

(From Kolliker.)

Fig. 720.

>f/) M-lvJl

li, epiblast ; del, hypoblast ; sp, mesoblast ; Pv, medullary groove ; m, medullary

plates; cJi, chorda dorsalis ; -iucjj, proto-vertebral iDlate ; mw/i, commencement of division

of mesoblast into its upper and lower laminas ; between Rf and /i the dorsal lamina or

ridges which by their approximation close in the medullary canal.

primary divisions of the brain. The spinal portion retains a more
uniform cylindrical shape, excepting towards the caudal extremity,

where it is longer in being formed, and remains for a time a flat open
rhomboidal dilatation. The continuous cavity enclosed within the

primitive medullary tube is the same with that which, variously modi-
3 2
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fied, afterwards constitutes the central ventricles of the brain and canal

of the spinal cord.

The formative cells composing the medullary substance are at first

Fig. 721.

Fig. 721.

—

Transverse section of an embryo chick of the latter half of the
SECOND day, at THE PLACE -WHERE THE VERTEBRAL SOMITES CEASE. ^^\ (From
KoIIiker.)

no, dorsal ridges ; rf, medullary groove, or canal beginning to close ; iiiop, proto-

vertebral plate ; sp, lateral plate of the mesoblast ; 1i, epiblast ; dd, hypoblast ; ao,

primitive double aorta ; sp, commencement of division of the mesoblast which forms the

body- cavity.

spherical, but they afterwards become elongated and spindle-shaped,

and increase rapidly by multiplication. They represent at first the

grey substance, or the nerve-cells and non-medullated fibres. The

Fig. 722.

Fig. 722.

—

Transverse section of the embryo chick in the latter half op the
SECOND DAT, IN THE REGION OF THE PROTO-VERTBBR^. '^\°, (From Kolliker.

)

m, medullary tube ; h, epiblast now separated from the medullary inflection ; uw,
proto-vertebral mass ; lip, parietal or somatic mesoblast ; dfp, visceral mesoblast

; p,
]:ileuro-peritoneal or body-cavity between these two layers ; ch, notochord ; ao, aorta still

double ; tnt, hypoblast.

cylindrical cells which, from the first, line the whole canal, remain per-

manently in sotae parts of it, and frequently present the ciliated

structure.

THE SPINAL CORD.

The internal grey substance of the spinal cord is first formed ; the
white substance is produced later on the exterior. The sides acquire

considerable increased thickness, ^^'hile the dorsal and ventral parts
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remain comparatively thin, so that the cavity assmnes in section the ap-

pearance of a sht, which becomes graduaUy narrower as the lateral

thickening increases ; and at last the opposite surfaces uniting' in the

middle divide the primary central canal into an anterior or lower and
posterior or upper part (see figs. 724 and 725).

The lower of these divisions becomes the permanent central canal, the

upper or dorsal is afterwards so far obliterated that it is filled with a

septum of connective tissue belonging to the pia mater, and becomes the

posterior fissure of the cord (in human anatomy) (Lockliart Clarke,

No. 188).

In birds and mammals there is no distinction to be seen at first

between the outer or corneous layer of the involuted epiblast and the

cells which by their increase more immediately constitute the medullary
plates. In batrachia, however, the dark colour of the corneous layer

shows it to be distinct from a deeper layer which is the more strictly

nervous. In Osseous fishes, and some other animals, there is no open
medullary groove or canal at first, but an involution of a solid column
of epiblast, which subsequently becomes hollow for the formation of a

ventricular cavity.

Fig. 723.Fig. 728.

—

Teansverse section of the cervical
PART OF THE SPINAL CORD OF A HUMAN EMBRYO
OF SIX WEEKS. (From Kolliker. ) 3-°

This and the foUo-n'iiig figure are only sketched, the

white matter and a part of the grey not being shaded
in. c, central canal ; e, its epithelial lining, at c

(inferioily), the part which becomes the anterior

commissure ; at e (superiorly), the original place

of closure of the canal ; a, the white substance of

the anterior columns, beginning to be separated from
the grey matter of the interior, and extending round
into the lateral column, where it is crossed by the

line from g, which points to the grey substance
; p,

posterior column ; ar, anterior roots ; jj?', posterior

roots.

The masses of grey matter first formed in' the spinal marrow cor-

respond chiefly with the anterior columns. These are succeeded by
lateral masses or columns, and somewhat later by small posterior

columns. There are at first no commissures except by the passage of

the deepest layer of cells across the middle line, but the fibres from the

roots of the nerves when formed are traceable into the grey substance of

their respective anterior and posterior columns.

The white substance is formed external to or on the surface of the

deeper grey substance ; but it is not yet determined whether it is wholly

developed out of the cells composing the gTey matter or from separate

blastema to which the mesoblast may in part contribute. It is certainly

combined with connective tissue elements, and its mode of formation is

different from that of the grey substance, which is the more direct product

of differentiation of the involuted epiblastio ceUs. How far the mesoblast

takes part in the formation of the latter is stih doubtful (see p. 192).

On the fifth and sixth days in the chick, according to Foster and
Balfour, the white columns increase rapidly in size, and the anterior

median fissure begins to be formed between the anterior columns by
their swelling outAvards and leaving its interval between them. It is at
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first wide and shallow, and soon receives a lining of yascular connective

tissue or pia mater. The commissures are now also formed ; the anterior

grey commissure first, then the posterior grey, and somewhat later the

anterior white commissure.

Fis. 724. Fig. 724.

—

Transvekse section of half
THE CAllTILAGINOrs VERTEBRAL COLCMJr

AND THE SPINAL COF.D IN THE CERVICAL
PART OF A HUjIAN EMBRYO OP FROII NINE
TO TEN WEEKS. (Frcm Kolliker.) ^

c, central canal lined viith eijitlielium ;

a, anterior columu
; ^;, XDOsterior column ;

j>', band of Goll ; g, ganglion of the

posterior root
; 2^ ''\ posterior root ; a r,

anterior root passing over the ganglion

;

d ill, dura-matral sheath, omitted nearer,
to show the posterior roots ; b, body of

the vertebra ; c h, chorda dorsalis ; ii a,

neural arch of the vertebra.

In the fiu'ther increase of the

anterior and lateral white colimms
as they thicken, they become more
united together on each side, so

that they can only be arbitrarily

distinguished; the fibres of the

roots of the nerves are traced

through them into the grey matter

;

the cornua of grey matter become more and more developed, and the
fissures between the white columns deepen, wliile the connective tissue

Fig. 725,

^c V.
-—

—

Angular cells with radiatmsr

Fig. 725.

—

Transverse sec-

tion OF HALF OF THE
SPINAL CORD OF THE CHICK
OF SEVEN DATS. (From Fos-

ter and Balfour.) Magni-
fied.

pciu, posterior, Icu:, lateral,

and acu; anterior white

columns
; pc, posterior comn

of grey matter -vv-ith small

cells ; ac, anterior grey cornu

with large cells; C]}, epithelium

of the canal ; c, the upjoer part

DOW open and filled with tissue

in the posterior fissure ; spc,

the lower division of the primi-

tive medullary cavity, which
remains as the permanent
canal ; af, anterior fissure

left between the projecting

anterior columns ; arje, anterior

grey commissure
;

j//", posterior

fissure.

or pia-matral septa run
more completely inwards

through the white sub-

stance,

processes make their appearance in the

. ^aore
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grey matter, aud the nerve-fibres both of the grey aud white matter
become more distmct.

The cyhndi'ical ceRs luimg the central canal retain their distinctness,

and they are more completely separated from the grey matter by the

dehcate tissue of the ependyma. Throughout the gTeater part of the

spinal cord the dorsal part of the primary medullary hollow is obhterated

to foim the fissure, but in the sacral region of bhds it opens out m the

rhomboidal sinus, and in the fhum terminale of the human cord the

whole primary medullary cavity remains.

The SPIXAL COED has been found by KoUiker akeady in the form of a cylinder

in the cervical region of a human embryo of four weeks. Ununited borders have
been seen by Tiedemann in the ninth week towards the lower end of the cord,

the perfect closing of the fuiTOw being delayed in that part, which is slightly

enlarged, and presents a longitudinal median slit, analogous to the rhomboidal
sinus in birds.

The anterior fismre of the cord is developed very early, and contains even
from the first a process of the pia mater developed from mesoblast.

The cervical and lumbar enlargements, opposite the attachments of the brachial

and crural nerves, appear at the end of the third month : in these situations the

central canal, at that time not filled up, is somewhat larger than elsewhere (see

figs. 733 and 736).

At fii-st the cord occupies the whole length of the vertebral canal, so that there

is no Cauda equina. In the fourth month the vertebrse begin to grow more
rapidly than the cord, so that the latter seems as it were to have been retracted

within the canal, and the elongation of the roots of the nerves which gives rise

to the Cauda erjuina is commenced. At the ninth month, the lower end of the

cord is opposite the third lumbar vertebra. (Kolliker, Lockhart Claike, Bidder

tmd Kupffer, Foster and Balfour.)

The origin of the roots of the spinal nerves will be referred to later.

THE BRAIN OR ENCEPHALOX.

1. General phetwinena of develojmient as ascertained in dirds and
mammals.—Eeference has previously been made to the simple foiTu ia

which the braiu at first presents itself in the anterior dilated portion of

the primitive medullary tube, and its partial division into the three

primary cerebral vesicles. These primary vesicles are named fore-brain,

mid-brain, and hind-brain, and correspond most nearly to the regions of

the third ventricle, the corpora quadrigemina and the medulla oblongata

of the adult brain.

The changes which mainly tend to modify the form of this primitive

brain are, 1st, the development on each side from the anterior vesicle of

the primitive ocular vesicle ; 2nd, the protrusion somewhat later from
the forepart of the anterior cerebral vesicle of a bulging part, at first

single or imdivided, but which by a median cleft and lateral expansion

becomes later the rudiment of the two cerebral hemispheres : and 3rd, the

formation in the forepart of the posterior vesicle of a new encephahc
rudiment corresponding to the cerebellum. Thus the first vesicle

becomes converted into the cerebral hemispheres and vesicle of the thhd
ventricle or thalamencephalon, the middle vesicle remains undivided,

and the hinder vesicle becomes the cerebelltun and medulla oblongata.

The formation of the primitive ocular vesicles, by an evolution of the

lateral wall of the primitive medtdlary tube, gives to the first vesicle and
the adjacent part of the head a much greater lateral width : but the

cranial wall, though pushed out by the enlarging ocular vesicles, does
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A hi

not follow closely the inflection of their surfaces. As the subse-

quent contraction of the stalk of the ocular vesicles progresses, these

Fig. 726. FOKE-PART OF THE EMBRYO SHOWN
IN FIG. 689, VIEWED FROM THE DORSAL
SIDE.

'f.
(Froui Kolliker.)

T7i, fore-brain ; Abl, ocular vesicles ; SHt,

mid-brain ; Jib, liind-brain ; H, jjart of the

heart seen bulging to the right side ; Vo7n,

omphalo-mesenteric or vitelline veins enter-

ing the heart posteriorly ; Mr, medullary
canal, spinal part ; 3Ir', medullary wall of

the mid-bi'ain ; Uw, proto-vertebral somites.

vesicles are thrown more backwards
and downwards by the development
of the cerebral vesicles.

As the cerebral vesicles become
enlarged, the cranial wall undergoes

a corresponding expansion in the

forepart of the head, the cavities

of the lateral ventricles extend into

their interior, and the vesicle of the

thalamencephalon, which Avas at first

the foremost part of the embryo-
head, is thrown backwards into a

somewhat deeper position.

The middle encephalic vesicle, in-

creasing greatly in size, takes the

most prominent part of the head
superiorly, both from its own greater

relative magnitude, and from the

sudden bend which the head now
takes below this vesicle in the great

cranial flexure.

The formation of the cerebellum begins by a thickening in the upper

Fig. 727.

Fig. 727.—^FOUR TIEWS op the brain of an embryo kitten in the stage of FIRST

DIVISION INTO THE FIVE CEREBRAL RUDIMENTS, MAGNIFIED THREE DIAMETERS.

(From Reichert.

)

A, from above ; B, from the side ; C, vertical section showing the interior ; D, from

below.

1, Cerebral hemisphere, prosencephalon ; 2, thalamencephalon ; 3, mesencephalon,

still single ; 4, cerebellum, epencephalon ; 5, myelencej^halon, medulla oblongata ; o,

optic nerves ; V, fifth pair ; VIII, eighth pair or glossopharyngeal and pneumogastric ;

i, infundibulum ; v, v', general ventricular cavity, opening at v into the lateral ventricle

by the foramen of Monro.
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and lateral walls of the part of the posterior primitive vesicle which is

next to the mid-brain, and is accompanied by a deep inflection of the

medullary tube between it and the remaining part of the ^'esicle which
forms the medulla oblongata.

At the same time that these changes are progressing, two other

remarkable phenomena occur, which, as presenting themselves very con-

stantly in the brains of vertebrates, and having important morphological

relations, may be mentioned at this place. These phenomena are both re-

lated to the thalamencephalon, and they consist, 1st, in the downward
projection of a pointed funnel-shaped part of the cerebral wall, with a

prolongation of the ventricular cavity witliiu it, into the pituitary fossa,

jpn

Fig. 728.

—

Longitudinal section through Fig. 728.

THE BKAIN OF SCYLLIUM CANICULA AT AN
ADA'ANCED STAGE OF DETELOPSIENT. (FrOlU

Balfour.

)

ccr, cerebral hemisphere ; 'pn, iDineal

gland ; op. th, optic thalamus ; op, optic

chiasma
;
pt, pituitary body ; in, infundi-

bulum : ch, cerebellum ; au.v, recessus

vestibuli, or passage from the auditory

vesicle to the exterior ; met, medulla ob-

longata ; c. in, internal carotid artery.

preparatory to its union with the ^^^^^gj*

evoluted part of the mouth cavity -£»
""

by which the pituitary gland takes

its rise ; and 2nd, in the thinning of the dorsal wall of the brain, and
the prolongation of a part of that wall, which in the lower vertebrates

x'eaches the cranial roof by a peculiar tubular extension, and is the

homologue of the pineal gland.

There are thus distinguished the rudiments of five fundamental con-
stituents of the brain, under which it will be found convenient to bring

Fig. 729.—Outline of a
LONGITUDINAL SECTION

THROUGH THE BRAIN OF

A CHICK OF TEN DATS.

(After Mihalkovics.)

h, cerebral hemisphere ; olf,

olfactory lobe and nerve ; st,

corpus striatum ; Iv, lateral

ventricle ; ac, anterior com-

missure; It, lamina terminalis

;

ope, optic commissure
;

piit,

pituitary gland ; inf, infundi-

bulum ; cai, internal carotid

artery ;
?••*, third ventricle ;

ch?', choroid plexus of third

ventricle ; pin, pineal gland ; hg, corpora bigemina ; amt\ anterior medullarj' velum
;

below which two last references are the aqueduct of Sylvius and crura cerebri ; chl, cere-

bellum ; r*, fourth ventricle ; ha, basilar artery ; ps, pons Varolii ; c/t"*, choroid jjlexus

of the fourth ventricle ; ohl, medulla oblongata ; r, roof of fourth ventricle.

the notice of the de'S'elopment of the several parts forming the full-

grown organ, and which may in this association be shortly enumerated
as follows, viz. :

—

1. The cerebral hemispheres, with their ventricular hollows or lateral

<i;az
Jjci ps
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ventricles, the corpora striata, and the olfactory lobes,—a set of parts

to which, as a whole, the name of proceo'elru.m qy idrosmcciiJialon may be
given.

2. The tlialammceplmlon with its cavity or third ventricle, the primary
ocular pedicles, and the infundibulum.

3. The mesencejjhalon, which is the same with the original middle
vesicle, and comprises the corpora quadrigeraina and crura cerebri with
its contracted internal hollow, the iter a tertio ad quartum ventriculum
of human anatomy.

4. The next part in succession is the cereieJImn, along Avith which is

ineludes 1 the pons Varolii and part of the fourth ventricle.

5. The hinder part, Avhich passes into the spinal marroAV, is the

medulla oblongata, with the remainder of the fourth ventricle and its

continuation into the central spinal canal.

Fig. 730. Fig. 730.

—

Sketches of the primitive pakts

l^ „T ., OF THE HUMAN BRAIN. (From Kolliker.)

1, 2, and 3 are from the human embryo of

about seven weeks. 1, view of the whole
embryo from behind, the brain and spinal

cord exposed ; 2, the posterior, and 3, the
lateral view of the brain removed from the

body ; h, the cerebral hemisphere (prosen-

cephalon) ; i, the thalamencephalon ; i', the
infundibulum at the lower part of the same ;

m, the middle primary vesicle (mesen-

cephalon) ; c, the cerebellum (epencephalou.) ;

mo, the medulla oblongata. Figure 3 shows
also the several curves which take place in

the develojiment of the parts from the primi-

tive medullary tube. In 4, a lateral view is

given of the brain of a human embryo of

three months : the enlargement of the cerebral

hemisphere has covered in the optic thalami, leaving the tubercula quadrigemina, m,
apparent.

In these five fundamental parts or rudiments of the brain, arising out

of very simple modifications of the three primary encephalic vesicles, it is

mainly by an increased thickening of the medullary wall in some of the

parts, and the relative thimiing, or even the entire removal of the sub-

stance in others, that the changes accompanying the formation of the

cerebral masses are effected, while as a consequence of these and other

modifications of form, the several parts of the internal cavity, or

ventricles of the brain, acquire the different degrees of expansion and
contraction, or the comparatively open or closed condition which they

exhibit in after life. Thus the cerebral hemispheres and corpora

striata are the main masses formed by the lateral thickening and expan-
sion of the medullary walls of the procerebrum, while the corpus

callosum and fornix are formed later by a deeper median development in

connection with these parts : the thalami optici are the most solid parts

of the lower and lateral region of the second rudiment : the corpora

quadrigemina arc thickenings of the upper wall of the third rudiment,

while the crura cerebri arise by increased deposit in its lower part ; the

cerebellum may be regarded as a large deposit in the upper wall of the

fourth rudiment, Avhile the pons Varolii is a thickening of its lower

wall ; and the parts composing the medulla oblongata are ]3rincipally

formed by increased deposit in the lower and lateral wall of the fifth

rudiment.
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Thus, also, the lateral ventricles are two expansions of the forepart

of the original ventricular cavity which result from the dilatation of the

vesicles of the right and left cerebral hemispheres, and communicate

with the central or third ventricle by the common foramen of Monro.
The central or third ventricle, originally the foremost part of the

medullary hollow, is narrowed on the sides by the increased development

Fig. 731.
Fig. 731.

—

Vektical sections of embryonic
BRAINS IN TWO STAGES OF TRANSITION FROM
THE RUDIMENTARY CONDITION, MAGNIFIED
THREE DIAMETERS. (From Reicliert.)

A, Brain of tlie embryo pig in commencing
state of transition. 1, Eight cerebral hemi-

spliere ; 2, tlialamencepbalon and position of

the pineal gland ; 3, mid-brain, with a large

cavity
; /, foramen of Monro ; i, infmidibulum

;

4, cerebellum : 5, medulla oblongata.

B, Brain of the embryo of the cat, more
advanced, c, Cerebral hemisphere passing back-

wards so as to cover the other parts ; I, olfactory

bulb ; II, optic nerve ; th, thalamus opticus ;

/, foramen of Monro ; cc, corpus callosum
; p,

pineal gland ; i, infundibulum ; cff, corpora

quadrigemina, not yet divided ; 3, third ven-

tricle ; a\ crura cerebri, below the aqueduct

of Sylvius, now reduced in width ; c', cere-

bellum ; 4, fourth ventricle
;
pv, Pons Varolii

;

m, medulla oblongata.

of the thalami optici, while inferiorly it is prolonged and projects down-
wards as infundibulum into the pituitary fossa ; and on the upper side

the wall of this ventricle comes to be opened up by the thinning away of

its medullary substance, and otherwise modified in connection with the

formation of the pineal gland. The continuation backwards of the

original ventiicular hollow, greatly narrowed by the ultimate thickening

of the substance of the corpora quadrigemina and crura cerebri, forms
the aqueduct of Sylvius, and is succeeded by the more expanded cavity

Fig. 732.

—

Vertical section op the brain of a Fig. 732.

HUMAN embryo OF FOURTEEN WEEKS, MAGNIFIED
THREE DIAMETERS. (From Reicliert.)

c, cerebral hemisj)here ; cc, corpus callosum be-

ginning to pass bacV, /, foramen of Monro
; p,

membrane over the third ventricle and the pineal

gland ; th, thalamus opticus ; 3, third ventricle
;

I, olfactory bulb ; cq, corpora quadrigemina, mesen-
cephalon ; cr, crura cerebri, and above them the
aqueduct of Sylvius still wide ; c', cerebellum, and
below it the fourth ventricle

;
pv, Pons Varolii

;

m, medulla oblongata.

of the fourth ventricle, lying betv^een the cerebellum and the loAver wall.

The upper wall of the latter cavity undergoes great thinning like that of

the third ventricle, so as to be reduced in the part before the cerebellum

to the thin lamina forming the valve of Yieussens, and in the part

behind it to be covered only by membrane, and to present an opening
from the cavity into the posterior sub-arachnoid space,

From what has before been said of the relation of the fundamental
parts of the brain to the basis of the skull, it will be seen that the cere-
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bral development is intimately connected also with the great cranial

flexure which occurs at the pituitary fossa ; for while the infundibular

prolongation of the thalamencephalon projects down into this fossa, and
the lamina terminalis lies in front in the position of the original fore-

most part of the encephalon, certain parts of the brain may be con-

sidered as situated posterior to this point, viz., the mesencephalon with
crura cerebri, cerebellum with pons Varolii, and medulla oblongata,

while the cerebral hemispheres, with the corpora striata, corpus callosum,

and fornix, may be considered as formed in their earlier condition by
forward exjoansion, and as situated in front of this turning point. But
though the connections of the cerebral hemispheres with the rest of the

brain may thus be regarded as anterior to the cranial centre, and
while in their earlier stages, and still of small size, they are actually

placed as in the lowest vertebrates entirely in front of it, yet by the

later great proportional development in the higher animals, and especi-

ally in man, the cerebral hemispheres come to progress backwards, and
successively to cover superiorly the thalami, corpora quadrigemina, the

cerebellum, and the medulla oblongata.

The developmental relation of the several parts of the brain to its

fundamental rudiments may be stated in the following tabular form :

(
("Ceretoal Hemisplieres, Corpora Striata,

1 1. Prosencephalon.* X Corpus Callosum, Fornix, Lateral Ven-
Fore-lDrain. ( tricles, Olfactory bulb (Rhinencephalon).

I. Anterior primary Vesicle,

Thalamencephalon. ( Thalami Optici, Pineal gland, Pituitary
(Diencephalou.) J. body, Third Ventricle, Optic nerve (prini-

Inter-brain. (. arily).

II Middle Tirimai-i' Vesicle \^- Mesencephalon. ( Corpora Quadrigemina, Crm-a Cerebri Aque-
11. luiaaieprnnai-j vesicle,

| Mid-brain. \ duct of Sylvius, Optic nerve (secondarily).

I

III. Posterior priinaiy Vesicle,

Epencephalon. ( Cerebellum, Pons Varolii, anterior part of
Hind-brain. ![ the Foiu'th Ventricle.

Metencephalon. ( Medulla Oblongata, Fourth Ventricle, Au-
After-braiii. ( ditory nerve.

(See the reference to works on th.e development of the brain under the

ISTos. 184—194.)

FABTHEB DEVELOPMEKT OF THE BRAIN IN MAN AND MAMMALS.

The full history of the development of the brain is so extensive and compli-

cated a subject that it will be necessary to limit ourselves here to a very brief

indication of the principal facts regarding it, proceeding from behind forv»^ards

in the order of the five fundamental parts of the brain above-mentioned.

1. Medulla Oblongata, Metencephalon, After-brain.—The medullary roof of

this part becomes at an early period more and more widened out laterally, and
reduced in thickness till at last scarcely any nervous substance remains, and the

lateral parts, along with the inferior, thickening by the great increase of the

medullary tissue, are thrown towards the side, and thus give rise to the wide
space which forms the fourth ventricle, bounded posteriorly by the narrowing-

calamus scriptorius, and leading at its jjoint into the canal of the spinal marrow.
There is subseqii,ently foi-med in the roof the opening which leads from the fourth

ventricle into the subarachnoid space, and the pia mater, rich in blood-vessels,

becomes folded over the roof and forms the plexus known as the choroid of the

fourth ventricle.

The three more solid constituent parts of the medulla oblongata begin to be

* This and the four following terms are adopted as applicable to the principal secondary

divisions of the primary medullary tube, and as corresponding to the commonly re-

ceived names of the German embryologists, viz., Yorderliirn, Zwischenhirn, Mittelhirn,

Hinterhirn, and Nachhu'ii, or their less used English translations, given above.
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distingTiisliable about the third month ; first the restiform bodies, which are con-

nected "ndth the commencing cerebellum, and afterwards the anterior pyramids

and olives. The anterior 2)ijyamids become prominent on the surface and dis-

tinctly defined in the fifth month ; and by this time also their decussation is

evident. The olivarij fasciculi are early distinguishable, but the proper olivary

hody, or tubercle, does not appear till about the sixth month. The fascioJce

einerecB of the fourth ventricle can be seen at the fourth or fifth month, but the

wliite strics not until after birth.

2. The Cerebellum, Epencephalon, Hind-brain.—In the human embryo the

cerebellum exists at the end of the second month, as a thin medullary lamina,

forming, as in many of the lower vertebrate animals, an arch behind the corpora

quadrigemina across the wide primitive medullary tube.

Accordmg to Bischoff, the cerebellum does not commence, as was previously

supposed, by two lateral plates which grow up and meet each other in the middle

line ; but a continuous deposit of nervous substance takes place across this part

Fig. 733.—Brain ajjd spinal cord exposed from behind in Fig. 733.

A FCEXUS OF THREE 3I0NTHS. (Fiom Kolliker.)

Ji, the hemispheres ; m, the mesencephaUc vesicle or corpora

quadrigemina, c, the cerebeUum ; below this are the medulla

oblongata, mo, aacl fourth ventricle, with remains of the mem-
brana obturatoria. The spinal cord, s, extends to the lower end

of the sacral canal, and presents the brachial and crural en-

largements.

of the medullary tube, and closes it in at once. This layer

of nervous matter, which is soon connected with the

corjjora restiformia, or inferior peduncles, increases gradu-

ally up to the fourth month. The middle lobe is the first

formed, and remains for a considerable time the principal

mass of the cerebellum. The lateral lobes follow, and
there is seen about the fifth month a division of these

into the subordinate lobes ; at the sixth, these lobes send

out /()?/«., which are at first simple, but afterwards become
subdivided. Moreover, the Jteitiiqilwres of the cerebellum

are now relatively larger than its median portion, or nvrm.
In the seventh month the organ is more complete, and
the flocculus and j'o^tcrior velum, with the other parts of

the inferior vermiform process, are now distinguishable,

except the amygdala;, which are later in appearing.

Of the ])eduncles of the cerebellum, the inferior pair (corpora restiformia) are

the first seen^viz., about the third month ; the middle peduncles are perceptible

in the fourth month ; and at the fifth, the sujjcrior peduncles and the Vieus-

senian valve. The jw}is Varolii is formed, as it were, by the fibres from the
hemispheres of the cerebellum embracing the pyramidal and olivary fasciculi of

the medulla oblongata below. According to V. Baer, the bend which takes place at

this iDart of the encephalon thrusts down a mass of nervous substance before any
fibres can be seen ; and in this substance transverse fibres, continuous with those

of the cerebellum, are afterwards developed. From its relation to the cerebellar

hemispheres the pons keeps pace with them in its growth : and, in conformity
with this relation, its transverse fibres are few, or entirely wanting in those

animals in which there is a corresponding deficiency or absence of the lateral

parts of the cerebellum, as in marsupials and monotremes.
3. The Mesencephalon, Mid-brain.—The corpora quadrigemina. are formed

in the upper part of the middle cephalic vesicle ; the hollow in the interior of

which communicates with those of the first and third vesicles. The corpora
quadrigemina, in the early condition of the human embryo, are of great propor-
tionate volume, in harmony with what is seen in the lower vertebrata ; but sub-
sequently they do not grow so fast as the anterior parts of the encephalon, and
are therefore soon overlaid by the cerebral hemispheres, which at the sixth month
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cover them completely. Moreover, they become gradually solid by the deposi-

tion of matter within them : and as, in the meantime, the ccrciral ik(IuiicIch are

increasing rapidly in size in the floor of this middle cephalic vesicle, the cavity

in its interior is quickly filled up, with the excei^tion of the narrow passage

named the Sijlvian aciucdnet. The fillet is distinguishable in the fourth month.
The corpora quadrigemina of the two sides are not marked off from each other

by a vertical media^i groove until about the sixth month ; and the transverse

depression separating the anterior and posterior pairs is first seen about the

seventh month of intra-uterine life.

Fig. 734.

.cl

C^ TTt J0§

Fig. 734.

—

Lateral view of the
BRAIN OF AN EMBRYO CALF OP 5

CM. (From Balfour, after Mihal-

kovics.

)

The outer wall of the left hemi-
sphere is removed to show the in-

terior of the latei-al ventricle ; hs,

cut wall of the hemisphere ; st,

corpus striatum ; am, liippocampus

major ; d, choroid plexus of ventricle

;

fm, foramen of Monro ; oj), optic

tract ; in, infundibuhuu ; mh, mid-
brain ; cb, cerebellum ; iv.v, roof

of fourth ventricle ; 'ps, pons Varolii

;

with fifth nerve and Gasserian

The internal geniculate bodies belong to this division of the brain.

4. The Thalamencephalon, Inter-brain.—It is from this part, constituting at

first the whole and subsequently the hinder part of the anterior primary encephalic

vesicle, that the optic vesicles are developed in the earliest period, and the forepart

is that in connection with which the cerebral hemispheres and accompanying parts

are formed. The thalamus opticus of each side is formed by a lateral thickening

of the medullary wall, while the interval between, descending towards the

base, constitutes the cavity of the third ventricle with its prolongation in the in-

fundibulum. The grey commissure afterwards stretches across the ventricular

/.

Fig. 735. Fig. 735.

—

Brain of the human em-

2_ BRYO OP three months. NATURAL
SIZE. (From Kolliker.

)

In 1 the view is from above, the

upper part of the cerebral hemispheres

and mesencephalon having been re-

moved. /, fore part of the divided

wall of the hemisphere ; /', hind part

'* of the same which becomes the hippo-

campus turned in ; est, corpus striatum

;

tho, thalamus opticus.

In 2 the lower surface is represented
;

to, tractus opticus ; and in front of

this the olfactory bulbs and tracts ; cm, single mass of the corpora mammillaria not yet

divided ; ^, pons Yarolii. The cerebellum and medulla oblongata, mo, are seen behind

and to the sides in both figures.

cavity. The medullary roof of this part on the other hand thins down rapidly,

and is at last reduced only to a folded membrane, in connection with the pia mater

of which the choroid plexus of the third ventricle is fonned. The hinder part

of the roof is developed by a i^eculiar process to be noticed later into the pineal

gland, which remains united on each side by its pedicles to the thalamus, and

behind these a transverse band is formed as posterior commissure.

The lamina termtnalis (lamina cinerea) continues to close the third ventricle

ixL front, below it the optic commissure forms the floor of the ventricle, and
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further back the infundibulum descends to be united in the sella turcica with the
tissue adjoining- the posterior lobe of the pituitary body.

The two o])tio fJiaJami. formed from the posterior and outer part of the anterior

Tesicle, consist at first of a single hollow sac of nervous matter, the cavity

of which communicates on each side in front with that of the commencing

Fig. 736.

—

Brain and spinal coed of a fcetus of four Fig. 736.

MONTHS, SEEN FROM BEHIND. (Fiom Kolliker.

)

h, hemispheres of the cerebrum ; m, corpora quadrigemina

or mesencephalon ; c, cerebellum ; mo, medulla oblongata, the

fourth ventricle being overlapped by the cerebellum ; s s, tlie

spinal cord with its l)rachial and crural enlargements.

cerebral hemispheres, and behind with that of the middle

cephalic vesicle (corpora quadrigemina). Soon, however,

by increased deposit taking place in their interior behind,

below, and at the sides, the thalami become solid, and at

the same time a cleft or fissure appears between them above,

and penetrates down to the internal cavity, which continues

open at the back part opposite the entrance of the Sylvian

aqueduct. This cleft or fissure is the third ventr tele.

Behind, the two thalami continue united by the posterior

conimhmre. which is distinguishable about the end of the

third month, and also by the j)e(ht?ieles of tlie pineal gland.

The soft commissure probably exists from an early period,

although it could not be detected by Tiedemann until the

ninth month.
At an early period the optic tracts may be recog-nised as

hollow prolongations from the outer part of the wall of the

thalami while they are still vesicular. At the fourth month
these tracts are distinctly formed. They subsequently are

prolonged backwards into connection with the corpora

quadrigemina.

The formation of the pineal gland and pituitary body
presents some of the most interesting phenomena which are connected with the
development of the thalamencephalon.

Pineal Gland. Epiphysis Cerebri.—As already stated, this body is formed by
an out-folding from the back part of the inter-brain roof, at a place where the
opposite sides remain united by nervous matter afterwards giving rise to the
pineal peduncles. This bodj- consists at first in all vertebrates of medullary sub-

stance covered by jiia mater, and forms a median projection uxDwards, which in

the lower tribes is also dkected forwards in the form of a tube which reaches the
roof of the cranium, and in some is united with or even passes through the
cranial wall. It is in all deeply indented by vascular folds and growths of the
pia mater. In mammals the original development of the pineal gland is the
same as in the lower tribes ; but it remains comparatively short, and its direction,

is backwards : and though it is at first permeated by epithelial tubes, or sub-

divisions of the ventricular cavity, it becomes at a later period solid by the
deposit of various cellular and other materials. The gritty deposit was found in

it by Soemmerring at birth.

Pituitary body. Hypophysis Cerebri.—The general nature of this body in.

connection with an outgrowth of the brain on the one hand and a divei^ticulum

of the alimentary canal on the other, and which was first pointed out by Eathke
(1838, No. 195), has been already adverted to. The researches of W. MlUler
(No. 197), Goette (No. 200). and Mihalkovics (No. 198), have fully confirmed
Eathke's view, and lead to the following general conclusions regarding it.

The infundibulum, as is well known, is a prolongation of the medullary wall
of the third ventricle, originally in continuity with the epiblast ; while the
diverticulum from the alimentary canal is not, as was at one time supposed, from
the pharynx, but from the mouth, and its lining is therefore continuous with the
same layer of the blastoderm. This diverticulum is formed at an early period from
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the middle of the upper and back part of the buccal cavity before the faucial
opening into the pharynx has taken place. The anterior attenuated extre-
mity of the notochord is placed between the cerebral and buccal outgrowths,
but it disappears as the lower one extends upwards and comes to unite with the
infundibulum, and then the notochord is lost in the floor of the pituitary fossa
with which both the outgrowths cohere (Mihalkovics)

Fig. 737. Fig. 737.

—

Vertical sectiozj of the
INFUNDIBULUII AND PITUITARY DIVER-
TICULUM IN THE rabbit's EMBRYO,
AFT3II THE OPENIKU OF THE FAUCES.
(From Mihalkovics.)

For the earlier stages see fig. 705, p. 807,
A and B, 6c, dorsum sellte ; if, in-

fundibulum ; tha, floor of thalamen-
cephalon

; fy, pituitary diverticulum,

now closed ; ^', stalk of original com-
munication with the mouth ; 'ph, pharynx

;

ch, notochord in the spheno-occipital

part of the cranial basis.

The flask-like outgrowth of the
buccal epiblast which gives rise to

the hypophysis cerebri, is now gradu-
ally shut off from the corneous layer

and cavity of the mouth by the con-

striction and subsequent closure of

its communicating pedicle. There
remains, however, for a consider-

able time, a longish thread of union between the two. The epithelium

of the enclosed portion subsequently undergoes development into glandular

CEeca and cell-cords, and its internal cavity becomes gradually obliterated.

This forms the anterior part or lobe of the pituitary body. The posterior

part owes its origin in all vertebrates to the combination with mesoblastic

tissue of a widened extension of the infundibular process of the brain, which is

thrust in between the sac of the pituitary body and the dorsum sellse. The
nervous structure of this posterior lobe afterwards disappears in the higher
animals, but in the lower the posterior lobe retains its place as a part of the brain.

The possibility of establishing a general homology between vertebrate and
invertebrate animals, involves important considerations as to the relations of the

forepart of the alimentary canal to the brain. In a recent memoir on this sub-

ject ( No. 201), Professor Owen puts forward the view that the " conario-hypo-

physial tract," or passage through the pituitary diverticulum, infundibulum, third

ventricle and pineal gland, may have been the means of carrjdng the anterior

part of the alimentary canal from the ventral or haemal to the dorsal or neural

side of the head in an ancestral form of the vertebrate animal, and that thus (one

of them being inverted) the several sets of organs in the two great divisions of the

animal kingdom might be brought into corresponding relative position. According
to the view taken by Dohrn (No. 199), the fourth ventricle is the place where the

oesophagus may be supposed to have pierced the nervous ring.

5. Prosenceplialon, Fore-brain.—Each liemi-ijyhci'c-rcaidc may be considered

to consist of two parts : one of these is the part which from the interior appears

as the corpus striatum, and from the exterior as the island of Reil, or central

lobe : the other forms the expanded or covering portion of the hemisphere, and
is designated by Reichert the mantle. The lateral ventricles are placed internally

between these parts. The aperture existing at the constricted neck of the ven-

tricle where it expands into the hemispheres is the foramen of Monro.

The corpora striata, it will be observed, have a different origin from the optic

thalami ; for, while the latter are formed by thickening of the circumferential

wall of a part of the first cerebral vesicle, and thus correspond in their origin

with the p)arts of the encephalon behind them, the corpora striata appear as
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thickenings of the floor of the hemisphere-vesicles, which are lateral off-shoots

from the original medullary tube. On this account, Eeichert considers the brain
primarily divisible into the stem, which comprises the whole encephalon forwards
to the tffinia semicirculai-is, and the hemisphere-vesicles, which include the cor-
pora striata and hemispheres.

The cerebral hemispheres undergo enlargement at an early period m mammals.

Fig. 738.

Fig. 738. — Sejiidiageammatic views op the inner sttiieace op the right cerebral
HEMISPHERE CF THE FCETAL BRAIN AT VARIOUS STAGES OF DEVELOPMENT. (From
Schmidt.

)

1, 2, and 3, are from fcetuses of the respective ages of eight, ten, and sixteen weeks
;

4, from a fcetus of six months, a, lamina terminalis or part of the first primary vesicle

which adheres to the sella turcica ; b, section of the cerebral peduncle as it passes into

the thalamus and corpus striatum ; the arched line which surrounds this bounds the gi-eat

cerebral fissure ; c, anterior part of the fornix and the septum lucidum ; d, inner part

of the ai'ch of the cerebrum, afterwards the hippocampus major and posterior part of

the fornix ; e, corpus callosum very short in 3, elongated backwards in 4 ; in 4, /, the
marginal convolution

;
/', calloso-marginal fissure

; g, gyrus fornicatus
;
p', the parieto-

occipital fissure descending to meet the ealcarine fissure ; I, olfactory bulb ; F, P, 0, T,

frontal, parietal, occipital and temporal lobes.

and especially in the human embryo, so that at the tenth week they have greatly

surpassed in size aU the other parts of the brain. They then form large hollow

bodies with comparatively thin walls superiorly, the lateral ventricles beiag greatly

Fig. 739. ^VlEW OP THE INNER Fig. 739.

SURFACE OF THE RIGHT HALF
OF THE FCETAL BRAIN OF ABOUT

SIX MOUTHS. (From Eeichert.

)

F, frontal lobe ; P, parietal
;

0, occipital ; T, temporal ; I,

olfactory bulb ; II, right optic

nerve
; fp, calloso-marginal fis-

sure
; p, external

;
p', internal

parts of the parieto-occipital fis-

sure; h, ealcarine fissure
; g, gyrus

fornicatus ; c, c, corpus callosum
;

s, septum lucidum
; /, placed

between the middle commissure

and the foramen of Monro

;

V, in the upper part of the

third ventricle immediately be-

low the velum interpositum and
fornix ; v', in the back part of

the third ventricle below the pineal gland, and pointing by a line to the aqueduct of

Sylvius ; v", in the lower part of the third ventricle above the infundibulum ; r, recessus
pinealis passing backwards from the tela choroidea

;
pv, pons Varolii ; Ce, cerebellum.

VOL. II.
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dilated, and communicating by a wide aperture with, each other, and with, the
third ventricle, by the foramen of Monro. The growth of the hemispheres takes
place progressively from before backwards, so that they come to cover in succes-
sion the thalami, corpora quadrigemina and cerebellum, which all originally stood
in a series behind them, as they do permanently iu the lowest vertebrates. By
the end of the thii-d month the hemispheres have extended so far backwards as
to cover the thalami ; at the fourth they reach the corpora quadrigemina ; at the
sixth they cover those bodies and great part of the cerebellum, beyond which
they project still further ^backwards by the end of the seventh month.
The floor especially of the hemispheres thickens considerably, and the corpus

striatum increasing greatly in magnitude, at the same time projects upwards into
the lateral ventricles so as to give these cavities an arched foi-m and mark out
their anterior and descending cornua, while externally the distinction between
the frontal and temporal lobes is indicated by the wide depression of the fossa of
Sylvius. The floor of this part below the corpora striata becomes the island of
Eeil, or central lobe. The corpora striata and thalami, which are at first distinct,

become more and more completely united together.

Fig. 740.

^^—

Fig. 740.

—

Tkansvekse section through the brain op a sheep's embryo of 2 "7

CM. IN LENGTH. (From Balfour, after Kolliker.

)

The section passes through the hemispheres and third ventricle, st, corpus striatum ;

th, optic thalamus : t, third ventricle ; c', their divergence into the walls of the hemis-

pheres ; I, lateral ventricle with choroid plexus pi ; fi, hippocampus major
; /, primitive

falx ; a, orbito-sphenoid ; sa, presphenoid
; p, pharynx ; ch, chiasma ; o, optic nerve ;

mm, foramen of Monro ; s, covering of lateral ventricles.

A deep notch separates the hemispheres above and posteriorly, but in front

they are rmited together in the place of the original lamina terminalis, and here

as farther back the inner walls becoming thinner are united together in a narrow
partition which is the source of the septum lucidum and the commissiu'es. The
first of these to arise is the anterior commissure, which is also the lowest and
unites the corpora striata. The fornix comes next in its anterior part, which
with its pillars and the coi-pora albicantia is at first siugie and median ; the

posterior pillars follow, running back on each side into the cornu Ammonis of the

descending comua. The corpus callosum is last formed, consisting at first only
of its fore part, as is permanently the case in monotremes and marsupials

;
but

as the hemispheres extend themselves backwards, the corpus callosum elongates
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in the same direction, thus forming a roof for the subjacent lateral ventricles

and other parts.

The fifth ventricle in the septum lucidmn is not a part of the original common
ventricular cavity of the brain, but is formed separately.

At the lower part of the inner walls two horizontal folds make their appear-

ance below those of the fornix and hippocampi, which are covered by pia mater,

and which, extending backwards from the foramen of Moni'o, cover in the thii'd

ventricle and occupy the great transverse fissure of the brain. These folds,

extending themselves laterally and backwards, and becoming more and more
plicated and vascular at the edges, give rise to the choroid plexus of the lateral

ventricles and the velum interpositum.

The olfactovij loVcs are outgrowths from the lower and lateral parts of the
cerebral hemispheres, being more immediately connected with the frontal lobes,

but extendiag through the fissure of Sylvius as far as the temporal or middle
lobes. They are at first hollow, and in some animals their cavity is in permanent
communication with the lateral ventricles. In man they become solid at an
early period.

Development of the Convolutions and Sulci.—Adopting the distinction of
the convolutions and sulci of the cerebral hemispheres as of two kinds, viz..

" primitive " and " secondary," according as the former result from a folding* of

Eig. 741.

Fig. 741.

—

The Surface of the Fcetal Brain at Six Months. (From R. Wagner.)

This figure is intended to show the commencement of the formation of the principal

'fissures and convolutions. A, from above ; B, from the left side. F, frontal lobe ; P,

parietal ; 0, occipital ; T, temporal ; a, a, a, sHght appearance of the several frontal

convolutions ; s, the Sylvian fissure ; s', its anterior division ; within it, C, the central

lobe or convolutions of the island ; r, fissure of Eolando
; p, the parieto-occipital

fissure.

the whole substance of the wall of the hemisphere, while the latter consist merely
of depressions and elevations of its more superficial poi-tion, it may be stated,

with respect to their development, that the first of the primitive sulci to appear is

the fissure of Sylvius, which is visible before the end of the third month (Ecker)

as a wide shallow depression or fossa between the anterior and middle lobe of

each hemisphere. Of the remaining primitive sulci, the hippocampal or dentate,

the parieto-occipital and the calcartne, also begin to appear during the third

month, and by the end of the fifth month are well established.

The secondary sulci begin to appear about the fifth or sixth month ; the first

of these to be seen is the sulcus centralis, or fissure of Rolando. By the end of

the sixth month the transverse frontal and inferior frontal furrows have appeared

on the otherwise smooth surface of the frontal lobe, and at about the same time
the first indications of the intraparietal fissure, with its continuation on the

occipital lobe as the superior occipital furrow, the parallel, the calloso-marginal

3 H 2
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and collateral fissures become visible on the outer and inner aspects of the hemi-

spheres. The lower surface now shows a slight trace of the inferior temporal

furrow ; and the fissure of Sylvius, which was at first a wide fossa, at this period

begins to close in, especially at its hinder portion, an indication of its anterior

-division becoming now visible.

By the end of the seventh month nearly all the chief features of the cerebral

convolutions and sulci have appeared. The superior frontal lissure can now be

seen, and the three frontal convolutions are well marked. The fissure of Rolando

has increased in length and depth. While the sulci that have already been

spoken of are becoming better marked, the transverse occipital appears for the

first time. Within the fissure of Sylvius, which has now a triangular form, two
depressions are seen, the anterior bounding a prolongation of the olfactory tract,

the posterior dividing the greater portion of the floor of the fissure into a fore

and hind part. The island of Reil shows three convolutions divided by the forked

sulcus insulse primus. The sulci visible on the under surface of the hemi-

spheres are still few and indistinct. Indications are found of a branched orbital

sulcus, and of the olfactory sulcus, in which lie the olfactory bulb and tract. The
middle temporal convolution, and the uncus and gyrus hippocampi, have now
become fairly prominent.

During the eighth month a furrow appears behind the fissure of Rolando,

parallel to it, and joiniug the intraparietal. This is the sulcus postcentralis of

Ecker. The transverse occipital furrow now becomes very distinct, and joius the

intraparietal farther back. The last fissures to appear are the inferior occipito-

temporal and a small furrow crossing the end of the calloso-marginal. (Consult

Nos. 28, 190, and 191.).

II. THE NERVES.

Yery little was known till lately of the exact mode of origin of the

peripheral nerves, and it was generally supposed that they were formed,

Fiff. 742. Fig. 742.

—

Transverse section through the trunk
OF AN EMBRYO SHARK, TO SHOW THE NEURAL CREST.

(From Balfour.

)

nc, neural canal
;
pr, posterior root of spinal nerve :

oc, sub-notochordal rod ; ao, aorta ; sc, parietal meso-

blast ; sp, visceral mesoblast ; iiip', muscle plate ; mp,
jiortion of muscle plate converted into muscle ; Vv,

portion of the vertebral plate which -will give rise to the

vertebral bodies ; al, alimentary canal.

as held by Eeraak, in more or less immediate
connection with the parts of mesoblastic

origin in which they were distributed. The
only known fact inconsistent with this view
was that the anterior or motor roots of the

spinal nerves had been found to bud out from
the ventral side of the spinal cord. The
recent researches especially of His, Balfour,

and Marshall, Kolliker, Hensen and others,

have thrown quite a new light on this subject, and have shown that all

the peripheral nerves, cerebro-spinal and sympathetic, with their ganglia,

emanate originally fi'om the primary brain and spinal marrow, that they

have therefore an epiblastic origin, and that they spread more or less from
thence into the different parts of the body. (See Nos. 28 and 202—205.)

Spinal Nerves.—Following the description of their origin given by
Balfour and Marshall, it may be stated that the posterior roots of the spinal

nerves and most of the cranial nerves, with their respective ganglia, which
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are formed before the anterior roots, proceed from a series of cellular

swellings, constituting the neural crest, which are in continuity with the

medullary plates close to the place of inflection of the epiblast into the

involution which forms the primary brain and spinal cord. These root

swellings are in some animals connected together by a longitudinal band
or commissure. In the primitive projections there are soon disti'nguished

a narrower first part or root, then a thicker part, the ganglion, and
further down a part of the nerve extending beyond it. The root origi-

nally connected with the upper part of the medullary wall close to the

median line slips down, as it were, upon the side, and is subsequently

'Rio- 74"^
Kg. 743.

—

Section THROUGH -^^o* '*''•

THE DORSAL PART OP THE
TRUNK OF A TORPEDO EJI-

BETO. (From Balfour.)

pr, posterior root of spinal

nerve
; g, spinal ganglion

;

n, nerve ; ar, anterior root

;

cli, notochord; nc, neural

canal ; mp, muscle-plate.

united laterally with the

medullary wall at a lower

place, leaving the upper

end of the root for a time

apparently free. This

process begins in the

chick at the end of the

second day, and in the

embryo of the rabbit on
the ninth day.

The anterior roots of

the spinal nerves are also

outgrowths from the medullary wall. They begin to appear somewhat
later than the posterior roots, as projections from its ventral side, and
extending from thence outwards, come to join the nerve which emanates
fi'om the ganglion of the posterior root ; and from this point the com-
pound nerve grows towards the periphery or region of its distribution.

The place at which the anterior roots spring from the spinal cord is

not opposite to the corresponding posterior root, but midway between
that root and the succeeding one. Both roots and ganglion have at first

a cellular structure, and their fibres are of later origin, the cells being-

largest in the ganglion, and the fibres appearing earlier in the anterior

than in the posterior roots.

Cranial Nerves.—Most of the cranial nerves, viz., the olfactory, the

3rd, 5th, and 7th, the auditory, the glossopharyngeal, and the vagus,
arise fi'om a neural crest in a manner analogous to the spinal posterior

roots ; and in the chick the ridge from which some of them spring is

perceptible even before the closm^e of the medullary canal at its dorsal

lip of inflection (Marshall) ; and as it is more immediately attached to

the medullary than to the epidermal part of the epiblast, the cranial

nerve-roots may be regarded as taking their origin from the rudimentary
brain.

The cerebral neural crest is continuous with that of the spinal

-^t/
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marrow. It extends to the roof of the mid-brain, and there is the same
shifting do-^Tiwards of the attachment of the roots to the neural crest

as in the spinal nerves. In most of the nerves it has been observed
that a subdivision occurs into portions representing a root, a ganglion,

and a peripheral nerve-trunk. The change of the place of attachment
is most remarkable in the case of the third nerve, which is carried doTvii

quite to the lower surface of the mid-brain.

The sixth and the twelfth (or hypoglossal) nerves may arise, according

to Marshall, as motor or lower roots of certain of the other nerves ; but

Fig. 744.

Fig. 744.

—

Transverse section through the posterior part of the head of an
EMBRYO CHICK OF 30 HOURS. (Froiu Balfour.)

lib, liind-brain ; vg, vagus nerve ; ep, epiblast ; c1i, notocliord ; x, sub-notocliordal rod ;

al, throat ; Jit, heart
; pp, body-cavity ; so, parietal mesoblast ; sf, visceral mesoblast

;

hy, hypoblast.

the mode of origin of these two nerves, as well as of the fourth, has not

yet been fully ascertained, and Balfour doubts whether the cranial nerves

before described as arising dorsally from a neural ridge or crest, are, like

the dorsal roots of the spinal nerves, exclusively sensory. Some of them,

he holds, are undoubtedly mixed, and all of them may be so. (No. 205.)

The olfactory nerve is certainly an outgrowth from the fore-brain ; but whether
from an extension forwards of the neural crest or not is still doubtful. In the

olfactory nerve of mammalian embryoes, A. Fraser has observed the root ganglion

and two main divisions of the nerve forking over the nasal pit (see fig. 745).

The origin of the Optic nerve and retina from the primitive medullary fore-

brain (as will fee shown later) is different from that of all other nerves.

The fifth nerve, shortly after its origin in connection with a neural crest like

the rest, undergoes the shifting change of position, and is united to the rudi-

ment of the large Gasserian ganglion. Of its thi-ee principal branches the

inferior maxillary belongs to the mandibular arch, in the hinder part of which
it is placed. Its ophthalmic and superior maxillary divisions are premandibular,

and according to Balfour probably belong to face-arches in that situation. The
superior and inferior maxillary divisions fork over the cleft of the mouth, while
the ophthalmic branch is connected with the third nerve in the ciliary ganglion.
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The facial and auditory nerves appear to have a common origin. The main
destination of the facial, as seen at an early period, is the hyoid arch, but it also

sends forward a branch which is very large in young embryoes, forks over the

hyo-mandibular cleft, and joins the inferior maxillary of the fifth in the mandi-
bular arch as the chorda tympani of mammals. Besides this, two other branches

Fig. 745.

Fig. 745.

—

Outline diagram of tkk head of a mammalian embryo, coRRESPONDiNa
TO A human embryo OP EIGHT WEEKS, SHOWING THE RELATION OF SOME OP THE
PRINCIPAL CRANIAL NERVES TO THE VISCERAL ARCHES AND THE DEVELOPMENT OF
THE ossicuLA AUDiTUS. (After A. Fraser, A.T.)

c. Cerebral hemispheres; th, thalamencephalon ; m, midbrain; cb, cerebellum; mo,
medulla oblongata; o, eye; /, olfactory ganglion and nerves passing to nasal cleft ; ///,

third nerve ; F, fifth nerve with Gasserian ganglion and its three branches ; VII, facial

nerve ; ct, its chorrla tympani branch ; VIII, the auditory nerve ; IX, glossopharyngeal

nerve forking over the second postoral cleft ; X, vagus ; I, lachrymal cleft ; mx, maxillary

arch ; m, mouth with indication of tongue; 7ww, mandibular cartilage with malleus form-

ing in its proximal j)art ; i, incus forming in the second cartilaginous arch ; t, indication

of the lower pai-t of tympanic ring ; au, the auditory capsule, semicircular canals, &c.

;

hy, hyoidean cartilage; thy, thyro-hyoidean cartilage ; 1, 2, 3 and 4, indicate the places

of the postoral clefts which are now closed ; 6, aortic bulb ; v, ventricles of the heart ; a,

left auricle.

proceed forward from the facial, which are proportionally large in the embryo,
viz., the superficial ophthalmic and the palatine (or superficial petrosal), which
are respectively associated with the ophthalmic and superior maxillary divisions of
the fifth nei-ve.
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The auditory nerve, wMch. proceeds at once to join the labyrinth of the ear,

has a ganglion developed upon it at a very early period.

The glosso-pharyngeal nerve is connected with the third visceral or first true

branchial arch, and in the lower vertebrates the pneumo -gastric or vagus is dis-

tributed to this and the branchial arches which follow in whatever number they
may be. These nerves have in the chick a common origin from the dorsal

neural crest of the after-brain, but, like the other nerves previously mentioned,
they afterwards shift downwards so as to be placed on the sides.

According to Balfour some of the cranial nerves, such as the third, fifth and
facial, besides the glossopharyngeal and vagus, may be held to bear definite rela-

tions to mesoblastic somites or muscle plates of the head, each being placed

immediately behind the head-cavity of its respective somite. As stated by Parker,

this relation is the following. Each of these nerves divides or forks above a
visceral cleft, one division going to the posterior face of the arch in front of the
cleft, the other to the anterior face of the arch behind it.

pj 17^Q
Fig. 746. —Longitudinal vertical section through

PART OP THE BODY-WALL OF AN ELASMOBRANCH Ell-

nV1>* I' il'llf Al
^^^0 SHOWING TWO SPINAL NERVES AND THE SYJI-

/''^—-H» il cer ^B£ PATHETIC GANGLIA BELONGING TO THEM. (From

~~jf^^-—^^^^^ ^'''^ anterior root ; ]pr, posterior root ; sy.g, syni-

'^^^==^^^M pathetic ganglion ; Mip, part of muscular plate.

M jM The orbito-nasal and the palatine divisions of

^j|A ^Sl ^^^ trigeminus belong to an anterior arch, the

^^w~~--, ^^W former above, the latter below the optic nerve.
^^"'^

^^s'v 9
"^^^ superior maxillary division follows the palato-

pterygoid arch, the inferior maxillary nerve ac-

companies the mandibular arch.

The facial nerve divides above the hyo-mandibular cleft, its anterior part
(chorda tympani) going to the posterior side of the mandibular arch, and its

posterior part to the outer or anterior side of the hyoid arch.

The glosso-pharyngeal nerve, by a similar division, goes by its anterior branch
to the posterior side of the hyoid arch, and by its other division to the fi'ont of
the first branchial or thyro-hyoid arch.

In the higher animals the pneumo-gastric nerve shows no close relation to the
clefts, but in branchiate vertebrates it forks over the remaining gill clefts and
supplies branches to the gill arches.

Sympathetic Nerves.—It has been ascertained by Balfour that the

sympathetic gangha and nerves arise in connection with the gangliated

roots of the cranial and spinal nerves, and they may therefore be regarded

as springing from the same neuro-epiblastic source. This fact has been

confirmed for birds and mammals by Schenk and Birdsell (No. 207).

The ganghated cord of the sympathetic has been described and
figured by Kolliker in the human foetus of eight or ten lines long. The
peripheral sympathetic nerves are also formed at a very early period,

and are perceptible in a foetus of three months.

The Suprarenal Bodies.—The belief of a relation subsisting between the supra-

renal bodies and the sympathetic ganglia of the nervous system seems to have
originated with Bergmann in 1839, and to have received confirmation on embryo-
logical grounds from Remak in 1847, who called these bodies " nerve glands." It

has, in fact, been long known that they have not any connection either by their

origin or their peimanent structural relations with the Wolffian bodies or with the
kidneys. Leydig showed (1853) that in the adult plagiostomes, ganoids and reptiles

the organs which represent the suprarenal bodies of the higher animals consist of
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two separate sets of parts, of wMcli one is intimately associated with tlie sympa-
tlietic ganglia and contains ganglionic cells, while the other is of a different

nature. KoUiber's observations in the human embryo (No. 28, i. p. 618) gave
further support to the view of the nervous nature and origin of these bodies

;

and more recently the researches of Balfour in elasmobranchs, Braun in reptiles

and Brunn in birds, have led the first of these authors to state confidently the

general view that while in elasmobranchs and some others of the lower verte-

brates (No. 32, Vol. II. pp. .548-9) the suprarenal bodies consist of two distinct parts,

viz., one median and siagle which he proposes to call " interrenal " of mesoblastic

origin, and the other paired and derived from the sympathetic ganglia, in the

amniota these two sets of parts are combined in the paired organs which consti-

tute the compound suprarenal bodies. The development of these two sets of

parts is, however, distinct ; that derived from the naesoblast being converted into

the cortical part, and the substance which proceeds from the ganglia being
enclosed within the first in the course of their development.

The development of the suprarenal bodies of mammalia has very recently been
made the subject of investigation by Mitsukuri (No. 212) in the rabbit and
rat, the result of which fully confirms Balfour's views, and shows that in these

animals the medullary part of the suprarenal bodies arises by development from
the sympathetic ganglia of the abdomen lying below the aorta, that the cortical

substance is of a totally different natiu-e and of mesoblastic origin, and that the

two sets of parts are gradually combined in the course of their formation. The
medullary or nervous substance is at fii'st situated outside the cortical or meso-
blastic element, but gradually insinuates itself into the interior, retainiag, how-
ever, some connection with the neighbouring ganglia. In the lower vertebrates,

as already stated, this combination has not taken place, the two components of

the suprarenal bodies remaiuiag distract and separate.

III. PRINCIPAL OKGANS OF SENSE:

I. THE EYE.

Primary Bevelo^pment.—The embryonic structures forming the eyeball

and its contents may be considered as proceeding from three sources,

viz., 1st, by evolution or expansion from the medullary wall of the thala-

mencephalon, giving rise to the retina in its nervous and pigmental
structm-e and to the optic nerve ; 2nd, by involution and development
of a part of the cuticular epiblast, forming the foundation of the lens and
the epithelium of the conjunctiva ; and 3rd, by the intrusion of mesoblastic

elements between and around the other parts, so as to furnish the materials

out of which are formed the external coverings of the eyeball, cornea

and sclerotic, the fibrous and vascular choroid, the ciliary apparatus and
iris, the capsule of the lens and the capsulo-pupillary membrane, the

vitreous humour, and aU the fibrous and vascular parts of the organ.

The very early fonnation of the ^primary optic vesicles has been
abeady mentioned, p. 823. The bulging wall of the anterior primary
vesicle which is thus projected outwards on each side gives rise, by the

subsequent folding and changes which occur in it, to the nervous part

of the eye, viz., the retina and optic nerve, together with the pig-

mental layer which comes to lie external to the retina. This folding

takes place simultaneously with the development of the crystalline lens,

which is the product of an involution of the cuticle or epiblast occurring

on the outside of each primary optic vesicle. During the involution and
enlargement of the lens, the wall of the primary optic vesicle comes to

be depressed and doubled in upon itself, so as to form a cup-like hollow
towards the exterior, the secondary optic vesicle, into which the lens is

received, but without filling entirely its cavity. The outer plate or

involuted portion of this cup or secondary optic vesicle becomes by
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its further development and histological differentiation the nervous part
of the retina, while the remaining inner or proximal plate is converted
into its pigmental layer, and the stalk becomes the optic nerve in con-
nection with the brain.

Fig. 747. Fig. 748.

Fig. 747.

—

Section through the 3?kont part of ths head of a lepidostbus embryo.
(From Balfour.)

al, alimentary tract -jth, thalamencephalon ; I, lens of tlie eye ; op.v, the optic vesicle.

Fig. 748.

—

Frontal section through the head of an embryo chick op 3 days
AND 6 hours. (From Kolliker.) ^^

0, stalk of the ocular vesicle in connection with the thalamencephalon
; p, proximal

and d, distal wall of secondary ocular vesicle ; I, lens ; cj, vitreous body.

The transition at the hne of inflection from the thick nervous part to

the thin pigmental part is quite sudden, and as soon as pigment cells

begin to be developed a very marked distinction is percejDtible between

the latter and the nervous structure of the retina. These cells were

Fig. 749.— Section op the com-

mencing eye op an embryo in

THREE STAGES. (From E-smak.

)

A, commencement of the forma-

tion of the lens I, by depression of a
part of C, the corneous layer

;
jj?-,

the primitive ocular vesicle now
doubled back on itself by the de-

pression of the commencing lens.

B, the lens depression enclosed

beginning to be formed in the inner side, the optic vesicle more folded back,

stage, in which the secondary optic vesicle, v, begins to be fonned.

and the lens

a third

formerly regarded as a part of the choroid membrane, but they are now
looked upon as belonging rather to the retina,—a view which is fully

warranted by the mode of development now described.

The fold which produces the optic cup proceeds from above down-
wards, and smTounds the lens so as to appear to enclose it, but leaves
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for a time an aperture or depression below. This is the choroidal

fold or fissure, which may easily be distinguished in the embryo-head

after pigment has been deposited, from the circumstance that the pig-

ment is absent from the cleft, which thus appears for a time as a broad

white line, particularly ob^aous in the embryo bird, running from the

circumference in upon the lens.

Fig. 750.

—

Diagrammatic sketch op a
VERTICAL LONGITUDINAL SECTION THROUGII
THE EYEBALL OF A HUMAN FOETUS OF
FOUR WEEKS. (After KoUiker. ) ^'{'.

The section is a little to the side so as to

avoid passing through the ocular cleft, c,

the cuticle, where it later covers the

cornea ; Z, the lens ; op, optic nerve

foi-med by the pedicle of the primary optic

vesicle ; vp, primary medullary cavity of

the optic vesicle
; p, the pigment-layer of

the outer-wall ; r, the inner wall form-

ing the retina; vs, secondary optic vesicle

containing the rudiment of the %itreous

humour.

The lens is developed in the part of the cuticle opposite to the most
projecting part of the primary optic yesicle, or at the place where this

vesicle comes in contact with the surface of the head. In this situation

there is seen from a very early period a thickening of the epiblast, Avhich

seems to reside chiefly in its deeper layer of cells, and in birds and
mammals it would appear that an actual involution of the cuticle takes

Fig. 751.—HORIZONTAL SECTION THROUGH THE ETK
OP AN EMBRYO RABBIT OP TWELVE DAYS AND SIX

HOURS, 'f. (From Kolliker.

)

0, stalk of the ocular vesicle with wide cavity ; h',

remains of the cavity of the primitive ocular vesicle ;

p, proximal lamella of the secondary vesicle (pig-

mentum nigi-um) ; r, distal lamella (retina)
; g,

vitreous body ; I, lens vesicle, widely open at ol

;

I', papillar elevation in the bottom of the lens vesicle

which forms the lens ; m, with v, an annular vessel

at the anterior border of the secondarj' vesicle ; e,

epiblast.

place, so that first an open follicle and next
an enclosed ball of cuticle is formed.

Although, however, both the corneous and
the deeper layer (sensory of Strieker) of

the cuticle are enclosed, it is only the cells

of the deeper layer which undergo develop-

ment into the fibres of the lens. The
external cuticle separating from the ball of the lens, passes freely over its

surface, and a cavity filled with loose cells exists for a time within the
lens. Then the cells of the hinder or inner wall are seen to rise from the
bottom by their elongation, and thus a rapid growth of fibres from that
side of the lens takes place, while the anterior or outer wall undergoes no
similar change, but retams its simply cellular structure. Figures 751
and 752 show .sufiiciently clearly the manner in which the fibres thus
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developed from cells rise from tlie bottom of the lens ball and come to

constitute its solid part.

The optic cup receives the enlarging lens in its anterior and lower

opening, and the reflected margins of the cup closely embrace the

margin of the lens ; but there soon comes to be a considerable space in-

tervening between the lens and the hollow of the optic cuj) (or secondary

vesicle), which is later occupied by the vitreous humour. Into this space

Fig. 752. Fig. 752.

—

Eye of an embryo eabbit
OP 14 BAYS ; HORIZONTAL SECTION.

f . (From KoUiker.

)

0, optic uerve
; jj, pigmentum nig-

rum ; r, retina
; g, vitreous body, -which

by its contraction has left a space behind

it ; I, posterior thick wall of the lens-

vesicle, or rudiment of the lens ; le,

anterior thin wall or lens epithelium,

and between them the hollow of the

lens vesicle ; m, mesoderm surrounding

the secondary ocular vesicle, no sclerotic

or choroid yet formed ; in', connection

of this with the vitreous body ; m",
thin layer of mesoderm in front of the

lens or rudiment of the cornea and
pupillary membrane ; e, portion of the

epithelium of the front of the eye.

connective tissue and blood-

vessels developed from meso-
blastlc elements are projected

from below, so as to furnish the materials for the formation of the

vitreous humour and the blood-vessels which pass through it to the

lens, and also to surround the lens with vascular and fibrous elements,

out of which are produced the capsulo-pujjillary membrane, and pro-

bably also the capsule of the lens. It results from the observations

of Lieberkiihn (No. 216) that in mammals the fold which produces the

ocular cup or secondary vesicle runs back into the stalk so as to fold in

the optic nerve for a considerable space, and by the simultaneous enclosure

"^^^WSi

Pig. 753. Fig. 753. TRANSVERSE VERTICAL SECTION OP THE
EYEBALL OP A HUMAN EMBRYO OP FOUR WEEKS.
(From Kblliker). if.

The anterior half of the section is represented.

]pr, the remains of the cavity of the primary optic

vesicle
; p, the inflected part of the outer layer,

forming the retinal pigment ; r, the thickened inner

Xjart giving rise to the columnar and other struc-

tures of the retina ; v, the commencing vitreous

humour within the secondary optic vesicle ; v', the

ocular cleft through which tlie loop of the central

blood-vessel, a, projects from below ; I, the lens

with a central cavity.

of mesoblastic tissue thus to lead to the introduction of the central blood-

vessels of the retina within the nerve. But in birds, according to the

same observer, no such infolding of the stalk occurs, so that in them the

vessels are excluded from the nerve. The malformation termed cololoma
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iridis is to be attributed to a persistence of the choroidal cleft, and the

pecten of birds, close to the optic nerve, "with the vascular fold farther

forwards, and the falciform fold of the eyes of fishes are to be regarded

as fibro-vascular structures formed by original projection through the

same interval.

The further development of the parts of the eye may be briefly

stated as follows :—
The expansion of the ocular cup continuing to proceed, the chamber

for the vitreous humour enlarges, and that structm-e gradually comes to

occupy the space between the retina and the lens.

Fig. 754.

Fig. 754.

—

Horizontal section through the eye of ak embryo rabbit of 18 days.

f. (FromKolliker.)

0, optic nerve ; ap, ala parva
; p, pigmentum nigrum ; r, retina; re, ciliary part of the

retina ; p>\ forepart of the secondary ocular vesicle or rudiment of the iris pigment
; g,

vitreous body raised from the retina by shrinking, except where the vessels from the

centralis retinae enter it ; i, iris; mp, membrana pupillaris; c, cornea with epithelium ey

ipp, pa, palpebr83 ; I, lens ; V, lens epithelium
; /, sclerotic ; m, recti muscles.

The marked distinction between the nervous and the pigmental por-

tions of the primitive ocular vesicle goes on increasing by the continued

deposit of pigment in the latter, and its proportional thinning, and by
the great addition to the thickness and the textural differentiation of the

substance of the former. Thus the cells in the retinal or nervous por-

tion, by their rapid multiplication, soon become several layers thick;

certain of these cells assume the spindle shape, and exhibit elonga-
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tion into fibres, while others retain the nuclear form, and thus there is

foreshadoAved the division into the fibrous, ganglionic, and nuclear layers

of the retina. On the exterior a limiting membrane makes its appear-

ance, and in connection with it the rudiments of the cells composing the

layer of rods and cones. The space between the retinal and pigmental

layers rapidly contracts, and finally the rods and cones are closely united

with the layer of pigment cells.

The optic nerve, as already described, is at first connected by its origin

with the vesicle of the third ventricle or thalamencephalon, and for a

time it retains its earlier hollow form. But as the cerebral hemispheres

are developed forwards, the eye and the optic nerve are thrown back-

wards and downwards, and a new connection is established between the

optic nerve (or tract) and the vesicle of the mid-brain (mesencephalon)

:

the rudiment of the optic commissure is at the same time formed by the

median approximation of the stalks and the growth of one over the

other. Each stalk then becomes more and more solid by the develop-

ment of nerve fibres and the formation of the sheath substance of the

nerve fi'om the enclosed connective tissue.

Retina and Optic Nerve.—The full development of the minute nervous struc-

tures of the eye is a subject of great difficulty, and observers are not quite agreed

as to its phenomena. The rods and cones are undoubtedly formed in connection

with the cells of the outer granular layer, taut their outer and inner limtas are

probably formed from different cells, the membrana limitans externa being at an
early period placed between. According to Kolliker the layer of ganglion cells

and the inner molecular layer are the first to be differentiated, and are very soon
followed by the nerve fibres which spread over the interior of the retina. A
somewhat different account of the process is given by Lowe (No. 222*), to whose
work we must refer the reader.

At the era serrata the denser nervous structure of the retina ceases, and in

front of this, as far as the inflection of the distal into the proximal or pigmental
layer, the retina is continued as the thinner ciliary portion, bounded externally

by the pigment of the ciliary processes.

It has generally been held, and it is still the opinion of some, that the pedicle

of the optic vesicle is converted into the optic nerve by the differentiation of its

substance into nerve fibres. But a different view has been taken by His and
by Kolliker (No. 28, i. p. 690) according to which the original substance

of the pedicle is supposed to furnish only the supporting structures, and the

nerve fibres are formed by secondary emanation from the chiasma or nervous
centre.

According to Kolliker the yellow spot is not yet visible at birth.

Lens.—The development of fibres from the hinder wall of the primitive lens-

follicle continuing to take place, the cavity of the follicle is first greatly narrowed
and then completely filled up by the lengthening fibres, and the lens takes more
and more of its full spherical shape. The new fibres continue to be formed
towards the margin of the lens ; each fibre retaining its nucleus, so as to produce
the nuclear zone which runs through the whole lens. This zone is at first situ-

ated far back in the lens while the fibres are still short, but as they elongate its

place is advanced, so that it comes to be situated considerably in front of the

equatorial plane 'of the lens. It is most distract towards the margin where the

fibres are newly formed. The anterior wall of the lens-folUcle remains as a
simple cellular layer. The greater number of the fibres now follow the general

curve of the surface of the lens, presenting therefore their concavity towards its

centre, but the curvature gradually diminishes in those neai'est the middle,

where they are straight, or nearly so. Only the external short and recently

formed fibres present a concavity towards the exterior. The intersecting stars of
the anterior and posterior poles of the lens now make their appearance by the
collection of cells in the peculiarly shaped triradiate or multiradiate space in these
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two situations, and the ends of the fibres are now traceable to the edges of these

spaces, so that the fibres gradually take the arrangement round the poles of the

lens which belongs to the adult.

The origin of the capsule of the lens appears to be still somewhat doubtful.

Lieberkiihn, Arnold and Lowe profess to trace it to a thin pellicle of mesoblast

which at an early period passes in between the lens and the secondary ocular

vesicle ; but KoUiker and Kessler are of opinion that it is a cuticular deposit on
the surface of the lens cells. Balfour is inclined to adopt the latter view, on the

ground that the capsule seems to make its appearance before the introduction of

the mesoblast has occurred.

The Jihro-vasctdar stmcturcs of the eye, which are all derived from mesoblastic

elements, either surrounding the secondary ocular vesicle or passing into it

by the choroidal fissure, maybe considered as consisting of three sets of parts, viz.,

1st, that which is external to the ocular cup and which becomes the sclerotic, the

cellular substance of the cornea and also the choi-oid membrane ; 2nd, that which
occupies the interior of the optic cup, and which becomes the vitreous humour,
and the capsulo-pupillary membrane with the arteria centralis retinie ; and 3rd,

that which is developed in the angle of meeting of the two parts previously

mentioned, i.e., between the margin of the lens and the reflection of the two layers

of the optic cup, and in which the ciliary processes, ciliary muscle and iris are

mainly formed. The pigmental elements which any of these parts possess are

derived from that of the retina or proximal wall of the optic cup.

Cornea.—The fonnation of the cornea is mainly due to a differentiation of the
tissue in the layer of mesoblast which is interposed between the primitive lens-

follicle and the corneous epiblast. The layer forming the cornea is at first very
thin, and quite homogeneous, and it has been doubted if this is mesoblastic ; soon,

however, the corneal cells, proceeding from mesoblast which advances from the
margin, penetrate the homogeneous layer, and gradually progress towards the
centre, greatly thickening it, and dividing it into layers. The original homo-
geneous substance which is left free of cells at its margins constitutes the outer

and inner elastic layers. Within these is the cellular layer of the membrane of
Descemet, which comes from a different source. There is at first no aqueous
chamber in the eye, and even after the solution of contitiuity which gives rise to

this space has occurred, the cavity is not dilated with fluid, till near the time of
birth. Even then it is very shallow and the lens is placed close to the cornea, in

the greater part of its surface. The cavity of the aqueous humour arises by
the separation of the cornea from a layer of the mesoblastic tissue lying

within it. The latter gives rise to the anterior part of the vascular capsulo-

pupillary membrane.
Sclerotic Coat.—The outer covering of the eyeball is formed from mesoblastic

cells surrounding the ocular cup, and is probably continuous with the structure

which furnishes the corneal cells, but it is only later that the cornea and sclerotic

come to be completely amalgamated.
Choroid membrane.—The mesoblastic substance which surrounds the ocular

vesicle externally is the source of important parts. Among these may be men-
tioned first the choroid membrane, the cellular (membrana fusca), fibrous, and
vascular layers of which are developed out of the deeper division of the meso-
blastic substance, and to the same source may be traced the ciliary processes,

ciliary muscle and iris ; while the zonula ciliaris may be regarded as a part of
the deeper mesoblastic tissue connected with the formation of the hyaloid

membrane and membrana capsulo-pupillaris.

The capsulo-pupillary membrane, already referred to, may be looked upon as

at first a complete fibro-vascular investment of the lens, which owes its origin to

the deepest part of the enclosed mesoblast. The vessels of this membrane are

supplied by a branch of the central artery of the retina, which passes forwards in

the axis of the globe, and breaks up at the back of the lens into a brush of rapidly

subdividing twigs. The forepart of this tunic, adherent to the pupillary margia
of the ii'is, forms the j^xipillary inenibrane by which the aperture of the pupil is

closed in the middle periods of fcetal life. In the human eye, the whole tunic,

together with the artery which supplies its vessels, becomes atrophied and is lost

sight of before birth, but in some animals it remains apparent for a few days
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after birth. According' to KolKker, the anterior chamber expands only a short

time before bii-th by the intervention of the aqueous humour between the iris

and cornea.

l<is. 755. pjg_ 755^

—

Blood-vessels op the cap-

SULO-PUPILLARY MEMBRANE OF A NEW-
BORN KITTEN, MAGNIFIED. (Froni

KbUiker.)

The drawing is taken from a prepara-
tion injected by Tiersch, and shows in

the central part the convergence of the
network of vessels towards the centre of

the pupillary membrane.

Tlie iris is developed from a pro-

liferation of mesoblastic tissue which
takes place in the angle between the

anterior reflection of the walls of the
ocular cup and the margin of the
lens and cornea, and it is intimately

connected with the capsulo-pupillary

membrane, with which, indeed, it

appears to be continuous anteriorly.

It is thus in relation with all the fibro-vascular structures of the eye. It derives

its pigmental layer from a reduplication of the anterior part of the pigmental
layer of the ocular cup. It does not acquire free surfaces till after the formation
of the aqueous chamber.
The ciliary muscle is developed in the mesoblastic tissue between the base of

the iris and the ciliary processes of the choroid membrane.
Vitreous Humour and Hyaloid Membrane.—These parts are usually regarded

as being derived from the intruded mesoblast ; but while this may be true of the
vitreous humour and the blood vessels which pass through it to the back of the

lens, there are grounds for believing the hyaloid membrane to be derived by cuti-

cular exfoliation from the ocular cup. The zonule of Zinn probably belongs to

the same set of parts.

The eyelids make their appearance gradually as folds of integument, subse-

quently to the formation of the globe in the third month of foetal life. "VMien

they have met together in front of the eye, their edges become closely glued
together by an epithelial exudation which is removed a short time before birth.

The lachrymal canal may be regarded as a persistently open part of the fissui-e

between the lateral nasal process and the maxillary lobe of the embryo.
The first discovery of the mode of development of the eye as it is now gene-

rally understood was made by Huschke in 1832, and was published in Meckel's

Archiv. for that year. In addition to the systematic works on Development, the

reader is referred to the special treatises mentioned in the Bibliography.

II. THE EAR.

Primary Development.—The most important part of the organ of

hearing originates by the involution of the epiblast from the external

surface of tire head in the region of the medulla oblongata. This is

at first only a depression of a thickened part of the epiblast ; but the

depression soon deepening, and, its aperture towards the surface rapidly

narrowing, it assumes a flask-like form, and constitutes on each side the

primary auditory or otic vesicle.

This involution of the auditory vesicle takes place somewhat later

than the evolution of the medullary vesicle of the eye, and difiFers from
it in taking place secondarily from the epiblastic surface of the head.
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and not in immediate connection with tlie brain. The auditoiy vesicle is

situated opposite the dorsal end of the hyoidean arch. The original

Fig. 756.

—

Section through the Fig. 756.
HEAD OF A LEPIDOSTEUS EM-
BRYO OF AN EARLY PERIOD.

(From Balfour.)

au.v, auditory vesicle ; au.n,

auditory nerve ; cJi, the notochord,

immediately below the medulla ob-

longata ; /(//, hypoblast. Tlie nerv-

ous layer of the epiblast is seen to

be distinct from the cuticular layer

which is not involuted.

aperture, "vrhich is directed

backwards, is soon closed ex-

ternally, but in the interior

a vestige of it remains for a considerable time as the recessus lalyrinthiy

which corresponds to the aqueduct of the vestibule of later life.

The primary otic vesicle, sinking down towards the basis of the

cranium, becomes imbedded in the formative mesoblastic tissue lying

between the basi-occipital and alisphenoid matrices, and along with them
undergoes chondrification and ossification at an early period, as has been
already described under the development of the head.

Fig. 757.

Fig. 757.—OXITLINES SHOWIXG THE EARLY CHANGES IN THE FORM OF THE HEAD OF THE
HUMAN EMBRYO.

A, profile view of the head and fore part of the body of an embryo of about four weeks
(from nature, w*)

: the five primary divisions of the i>rain are shown, together with the

primary olfactory and optic deiDressions, and a, the auditory vesicle ; 1, marks the man-
dibular plate, and behind this are seen the three follov\'ing plates with the corresponding

pharyngeal clefts. B, from an embryo of about six weeks (from Ecker, f) : the cerebral

hemispheres have become enlarged and begin to spread laterally ; 1, the lower jaw ;
1',

the first pharyngeal cleft, now widening at the dorsal end, where it forms the meatiis

extemus ; the second cleft is still visible, but the third and fourth clefts are closed and
the corresponding arches have nearly disappeared. C, from a human fcstus of nine weeks
(from nature, f) ; the features of the face are now roughly formed ; the outer part of the
first pharjTigeal cleft is now undergoing conversion into the meatus, and the auricle is

beginning to rise at its external border.

The development of the organ of hearing, as a whole, consists of two
very diflFerent sets of processes, viz., 1st, those connected with the

VOL. II. 3 I
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formation of the nervous structure or labyrinth of the internal ear, and
2nd, those belonging to the development of the tympano-Eustachian
passages and the accessory parts of the middle and outer ear. The first

of these sets of changes occurs more immediately in the primary epiblastic

vesicle in combination with the nervous elements derived fi'om the

medullary centre, and with the participation of the mesoblastic wall of

the auditory capsule. In the second are involved the remarkable trans-

formations of the first visceral arch and the hyomandibular cleft. In
describing these changes reference will be made chiefly to mammals.

Lalbyrinth.—After the closure of the primary otic vesicle the exten-

sion of its cavity in different directions soon indicates the formation of

the different parts of the future labyrinth. As the otic vesicle sinks

more deeply into the base of the cranial wall, from being at first spherical

it takes more of a pyriform shape, the pointed prolongation of the recessus

labyrinthi stretching backwards or dorsally towards the place of the

original involution from the surface.

Fig. 758.

—

Labyrinth ov the human fcetixs of
JOUK WEEKS, MAGNIFIED. (From Kolliker.)

A, from beliinci ; B, from before ; v, the vestibule
;

rv, recessus labyrinthi, giving rise later to the aqueduct

of the vestibule ; cs, commencement of the semicircular

canals ; a, upper dilatation, belonging perhaps to an-

other semicircular canal ; c, cochlea.

This narrower part soon becomes tubu-

lar, and stretches into the cranial w^all, which

it pierces, and in which, as the aqueduct

of the vestibule, it becomes enclosed at a

later period in the substance of the petrous bone. In elasmobranch

fishes it remains open to the surface throughout life.

The auditory vesicle is also soon prolonged into an angular projection

at its low^er or ventral end, where it forms the commencement of the

cochlear part of the labyrinth.

The two superior semicircular canals next appear as elongated elevations

of the surface of the primary vesicle ; the middle portion of each eleva-

tion becomes separated from the rest of the vesicle by the bending in of

the walls under it, and thus the elevation is converted into a tube remain-

ing open at both ends, which subsequently becomes elongated and acquires

an ampuUar dilatation ; and while the cochlear extension continues to

progress, and takes the form of a canal curving inwards, the external

or horizontal semicircular canal begins to be formed much in the same

manner as the two superior ones.

These changes are followed by a marked constriction of the main part

of the vesiclQ on its inner side near the cochlear canal, which, gradually

increasing, at last completely cuts off the part which afterwards becomes

the saccule from the remaining larger portion which forms the ufricle.

A constriction also takes place" in the vesicular wall between the saccule

and the cochlear canal, leaving, however, these two cavities in communi-

cation by the narrow ccmcUis renniens.

The same constriction which separated the saccule and utricle leads to

the division of the end of the recessus labyrinthi into two tubes, one of

which now opens into each of these cavities.
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The anterior or ventral part of the membranous labyrinth which is to
form the foundation of the cochlea in mammals becomes soon elongated
into a tube which is gradually bent inwards and coiled upon itself from

^r
Fig. 759.

—

Diagrams op the mejibranotjs labyrinth (after Gegenbaur.)

I, in a bird ; II, in mammals ; sc, semicircular canals ; U, utricle ; S, saccule
; (SU,

combined in I) ; RZ, recessus labyrinthi ; Cr, canalis reuniens ; C, cochlea
; /?*, its com-

mencement at fenestra rotunda ; K, cupola ; L (in I) lagena.

left to right, at last to the extent of two and a half turns, and on the
hollow side of this spiral there is now formed a double ridge of

thickened epithelium which at a later stage is converted into the organ
of Corti and the structiu-es connected with the lamina spiralis.

Fig. 760.

E.V

Fig. 760.

—

Transverse and slightly oblique section of the head of a fcetal
SHEEP, in the region OP THE HIND BRAIN (from Foster and Balfour after
Boettcher.

)

HB, inner surface of the thickened walls of the hind brairi ; EV, recessus vestibuli

;

YB, commencing vertical semicircular canal ; CO, canalis cochleaj, with the cavity of the'
primitive otic vesicle. On the left side parts only of these structures are seen ; GO,
cochlear ganglion of the right side ; on the left side, G', the ganglion, and N^ the
auditory nerve connected with the hind brain.

3 I 2
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Meanwhile, however, it may be mentioned that the deposit of car-

tilage has advanced rapidly in the auditory capsule surrounding the

vesicle, and this is soon followed by ossification of the capsule, as else-

where stated. But between the cartilaginous Avail and the various parts

of the membranous labyrinth mesoblastic tissue has been interposed,

which gives rise to the periosteum and to the lymph spaces which sur-

round the membranous labyrinth and contain the fluid termed perilymph

;

while the various inflections of the labyi'inthic cavity which are of epi-

blastic origin are filled with the endolymph.

Fig. 761.

-rs

Fig. 761.

—

Traksteese section of the head of a fcetal sheep of four-fifths of

AN INCH IN LENGTH. (From Fostcr and Balfour after Boettcher.

)

RV, recessus vestibuli ; VB, vertical semicircular canal ; CC, cochlear canal ; G, coch-

lear ganglion ; HB, horizontal canal.

In the cochlea these spaces also exist, but in the special form of two
tubular prolongations, one of which is situated on each side (above and
below) of the cochlear canal, representing the first form of the scala

vestibuli and scala tympani. Of these lymph passages the upper com-
mmiicates with the vestibule, but the lower or scala tympani, which is

somewhat later in being formed, is closed at the fenestra rotunda. The
scalffi gradually progress along the coils of the cochlear canal till they

reach its summit or cupola, which at first adlieres to the wall of the capsule.

From this, however, it is afterwards separated, when the two scalte,

having arrived at the summit, communicate with each other and inter-

vene between the cupola and capsular wall.
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The lagma of the uncoiled cochlea of birds corresponds to the cupola

of the cochlear canal in mammals.
The lamina spiralis, with the organ of Corti and the upper and lower

separating membranes (membrane of Reissner and membrana basilaris), are

Fig. 762.Fig. 762. — Transveese section op

THi: COCHLEA IN A FlETAL CALF,

MAGNIFIED. (FroDi Kollikcr.

)

C, the wall of the cochlea, still

cartilaginous ; cc, canalis cochlea;

;

Is, placed in the tissue occupying the

place of the scala vestibuli, indicates

the lamina spii-alis ; 7), the central

cochlear nerve ; g, the place of the

spiral ganglion ; S, the body of the

sphenoid ; cli, remains of chorda dor-

salis.

afterwards gradually developed

outwards from the central pillar

of the coiled cochlea ; but we
cannot attempt to give any

detailed account of the formation of these minute aud intricate struc-

tures.

It may, however, be mentioned that the auditory nerve when first

formed is of large size and pierces the auditory capsule in two main divi-

sions, vestibular and cochlear. The latter is remarkable as having upon
it at an early period a large ganglion which exists before the cochlea

becomes coiled, but which, being developed along with the lamina spiralis,

takes the same coiled form (see fig. 761, and p. 46G of this volume).

The modiolus and spiral lamina, according to Ivolliker, are ossified

without the intervention of cartilage.

Accessory Parts of the Org-an of Hearing.—The remarkable combination of

the internal ear, or labyrinth, with certain other parts, to form the middle and
external divisions of the acoustic apparatus, lias already been adverted to in th.e

account of the development of the face. Here, without going over the whole
subject, we shall liave only to refer shortly to some points of morphological

interest connected with it.

The tympano-Eustachian passage is generally held, according to the view
first propounded by Huschke, and confirmed by Eeichert and others, to be de-

veloped in connection with the inner part of the hyo-mandibular or first postoral

visceral cleft, while the meatus extemus and pinna, or auricle, are formed on the

outside ; the membrana tympani, ndth its tympanic ring being interposed between,

and the chain of ossicula with their accessory parts being formed in close relation

with them. There can be no doubt that this view is substantially correct. But
more recent researches, besides giving greater precision to the facts, have also

modified in some degree the history of the process. From these researches it

appears that the tympanic ring and the membrana tympani are developed close

to the external surface, and that the meatus is therefore formed more immediately
in connection with the outer skin, and by outward growth of the parts sur-

rounding it, rather than by any actual depression.

Fui-ther, it is ascertained by the observations of A. Fraser that the hyo-man-
dibular cleft is from an early period almost completely closed in its dorsal portion

by the intervention of the membrana tympani. This membrane consists of a layer

of epiblast externally, of pharyngeal hypoblast internally, and, between these, of

its fibrous and vascular parts, which are of mesoblastic origin.

According to the same author (No. 230), the malleus, as now agreed
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by all, is developed from the proximal part of the mandibular cartilage, and by
observations on a variety of mammals he has shown that the incus is formed,
according to the view advocated by Huxley and Parker, and contrary to that of
Keichert, Salensky and others, in the proximal part of the hyoidean cartilage,

which, from the first, is in close proximity to the mandibular cartilage. Eraser
has further shown, in corroboration and extension of Salensky's observations

(No. 229), that the stapes does not arise as a jDart of the hyoidean cartilage, or
as a bud from the periotic wall, but as a circular dej^osit of cartilaginous cells

round the stapedial artery, near to the fenestra ovalis, with which its base is

afterwards connected.

With respect to the precise mode in which the tympanic cavity and Eustachian
canal are formed in relation with the hyo-mandibular cleft, some difference of
opinion has arisen among recent observers. Some, as Moldenhauer and Hunt
(Nos. 222 and 228), have brought forward the view that these parts of the auditory
passages are one or both of them new outgrowths from the pharynx, and others

(XJrbantschitsch), that they proceed from the mouth. But these authors do not
give suflBcient grounds for departing from the generally accepted opinion on this

subject.

The pinna is gradually developed in connection with the integument on the pos-

terior margin of the first visceral cleft. It is deserving of notice that congenital

malformation of the external ear, with occlusion of the meatus and greater or less

imperfection of the tympanic apparatus, are observed in connection with abnor-
mal development of the deeper parts of the first and second visceral arches and
the intermediate cleft (Allen Thomson, No. 231).

III. THE NOSE.

The organ of smelling, as was first pointed out by v. Baer, owes its

origin, like the primary auditory vesicle and the crystalline lens of the

eye, to a depression of the epiblast, and it differs from these involutions

in remaining permanently open and in being greatly extended as a com-
plicated cavity communicating with the exterior.

It has already been shown how closely the development of the nose is

connected with, first, the extension of the axial part (trabeculae) of the

basi-facial axis ; second, the formation of the mouth, so that a j)art of

the common cavity comes to be separated by the palate plates into the

true buccal and lower nasal cavities ; and, third, more superficially

and in front, with the external nasal wall.

The olfactory organ arises in all vertebrates at a very early period of

embryonic life in the form of a depression of thickened epiblast from the

forepart of the head.

The whole of the nasal fossae, however complicated they may become in

the labyrinthic form which they afterwards assume in many animals, are

due to the involution of the epiblast of the original olfactory pits ; and the

structure of the parts forming these inflections, as well as those associ-

ated with them, which are derived from mesoblastic sources, may be con-

sidered as essentially the same in different animals. In man these

structures do not attain any great degree of complexity in the olfactory

part, but in the human nose, as in animals, there is a marked difference

in the form of tliat part of the labyrinth on which the olfactory nerve

is distributed, and in the minute structure of its epithelium, from those

of the lower part which forms the respiratoiy passage of the nose.

There is at first no olfactory lobe of the brain, and the ner-^-e is solid,

Marshall has shown that the olfactory lobe is formed at a comparatively

late period, as at the end of the seventh day in the chick, and that

this lobe arises by extension of the wall of the forebraiu at the place
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Trhere the nerves have previously sprouted out ; that it contains a

hollow prolonged from the general ventricular cavity, and carries the

nerves on its most projecting part.

The development of the olfactory nerve has already been described.

III. DEVELOPMEITT OF THE BLOOD-VASCULAR SYSTEM.

General Phenomena.—The heart and blood-vessels, with the blood-

corpuscles and fluid, which from the first occupy their interior, take their

origin entirely from the mesoblast, and the earlier rudiments of these

sx.—

i

IXC

Fig. 763.

—

Vascular area of the yolk-sac op the chick on the third day op
INCUBATION, SEEN FROM BELOW. MAGNIFIED ABOUT SIX DIAMETERS. (From Balfour.)

S, heart ; A A, three of the aortic arches of one side ; connected with the uppermost
are the external and internal carotid arteries ; AO, dorsal aorta; L.of.A, left vitelline

axiexj ; R.Of.A, right ; 8.T., Sinus terminalis ; L.Of, left vitelline vein ; R.Of, right ;

S. V. , sinus venosus ; D. C, Ductus Cuvieri ; S. Ca. V, superior cardinal vein ; F. Ca,
inferior ; the arteries are shaded black, the veins are in outline ; the embryo seen from
its lower or left side is only faintly indicated.

vascular elements are situated in the deepest part of the visceral plate of
the mesoblast, which was thence distinguished by Pander as the vascular
layer of the blastoderm. At a later period it is probable that blood-
vessels may arise throughout the whole of the mesoblast, both in its

visceral and parietal divisions.
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The simultaneous origin of the blood-vessels and heart, partly mthin
the body of the embryo and partly in the Tascular area of the yolk,

appears to be universal tin-oughout the vertebrata, and is only modified
in form in a few instances, as in some of the amphibia, by the

mideveloped condition of the yolk sac. In the human ovum the same
appears to be the first condition of the blood-vascular system, and as

soon as before the fourteenth day from conception a simple tubular

Fig. 764.—DiAGEAMJIATIC VIEVTS OF TWO SECTIONS THROUGH THE REGION OF THE HIND-
BRAIN OF AN EMBRYO-CHICK OP ABOUT 36 HOURS, ILLUSTRATING THE FORMATION OF

THE HEART. (From Balfotir.

)

In A, whicli is farthest foi-warcl, tie parts of tfee heart have coalesced in the

miJdle ; in B, which is farther back, they are still videly separate.

]th, hind-brain ; nc, notochord ; E, epiblast ; so, body-wall ; sp, visceral wall ; d,

alimentary canal ; hy, hypoblast ; hz, heart ; of, vitelline veins.

heart with incoming and outgoing vessels are formed in the body of the

embryo, vhile the surface of the yolk or umbilical vesicle is occupied by
ramified vessels and their capillary network.
The phenomena of vascular and blood formation have been observed

with gTeat minuteness and care, as they occur in the egg of the common
fowl in the first half of the second day of incubation, and a sufficient

amount of observations have been made iu mammals and other animals
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to prove that the process is essentially the same in them all. The earlier

steps of this process follow one another very rapidly, so that already by
the 40th or 42nd horn.* in the fowl's egg the blood is propelled through

the primary system of vessels by the rhythmic contractions of the

tubular and as yet only cellular heart. At this period the parts

of this very simple circulatory system consist of the blood fluid con-

taining corpuscles in a rudimentary form ; of blood-vessels, which are

mainly spread over the vascular area and in less number within the

body of the embryo ; and of a median tubular heart, into which the blood

is brought from behind by two veins which collect it from the vascular

area, and fr'om which it is expelled anteriorly by two outgoing vessels

which may be called arteries, though they do not as yet show any of the

histological characters of these vessels.

The miimter steps of this process have been so fully described in the

histological part of this work (j). ?>i and p. 197), that it is unnecessary to do
more at this place than to recall the fact that the blood-flnid and corpuscles

originate by a change in the fonnative cells of the visceral mesoblast, which
is accompanied by a differentiation of then.- protoiDlasm and multiplication of

nuclei within spaces developed by internal vacuolization of the mesoblastic

cells. The cells which give rise to the primary blood-vessels becoming
hollow and radiated, and their processes being united together, capillary net-

works are produced by their dilatation into tubes and their intercommunication.

The demarcation of the limits between the epithelial cells forming the walls of

the primary capillary vessels is a later process, as also the addition of the cellular

materials for the production of the middle and outer coats, and other tissues

which give a more complex structure to the larger vessels : but nearly all the
vessels consist at first only ex endovascular elements, and have much of the
form and structure of capillaries.

I. THE HEAET.

The origin of the heart itself is in some respects histologically similar

to that of the vessels, in so far that it is by the vacuolated formation of one

or of two main tubular spaces within groups of mesoblastic cells that the

cavity of the organ originates (see fig. 744, p. 838). But the formation

Fig. 765.

—

Outlines of the anterior
HALF OF THE EMBRYO CHICK. VIEAVED

rKOJI BELOW, SHOWING THE HEART IN

ITS TdARlIER STAGES OF FORMATION.
(After liemak.) f
A, embryo of about 28 to 30 hours

;

B, of about 36 to 40 hours ; a, anterior

cerebral vesicle ; b, proto-vertebral .seg-

ments; f, cephalic foUl ; 1, 1, vitelline

or omphalo-mesenteric veins entering the

heart posteriorly ; 2, their union in the
auricle of the heart ; 3, the middle part

of the tube corresponding to the ventii-

cle ; 4 (in B) the arterial bulb.

of the Avails of the primitive

heart is due, not merely to the

accumulation and differentiation

of the mesoblastic cells in the

region which it at first occupies, but is also effected by a folding of the
mesoblastic layers round the cavity. In these folds two sets of
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cells are distinguishable from a very early period, viz., 1, those of
a more delicate character aud looser disposition in which the space
or spaces for the heart's cavity are more immediately formed, and
which afterwards range themselves round that cavity in the form of
an endocardiac lining, and, 2, those forming a thicker layer which
undergoes inflection, and which give rise to the muscular part of

Fig. 766. Fig. 767.

.—ElIBKYO KABBIT OF EIGHT DAYS AND EIGHTEEN HOURS, VIEWED FROM THE
VENTRAL ASPECT.' ''^. (Froiu Kolliker.

)

In the anterior part of the ventral wall on each side there is seen the separate rudi-

ment of the heart, in the simple vascular tube of which are to be distinguished the

hinder auricular, the middle ventricular and the anterior bulbous i^arts. There are ten

proto-vertebral segments.

Fig. 767. YiEWS FROM BELOW OF THE EMBRYO-RABBIT OP NINE DAYS AND THREE
HOURS, SHOWING THE COMMENCING HEART IN TWO STAGES. y. (A. T.)

These sketches, of which B and C are partly diagrammatic, were taken from two
preparations given me by Professor Kolliker. A is the view from below of one of the

embryoes in which the formation of the heart was least advanced, and of which an out-

line of the heart, &c., is repeated in B. In C, taken from the second jJreparation, the

two halves of the heart are seen in the eommencement of their coalescence. 7i, the

part of the bent tube which becomes the ventricle ; a, primitive aortic arches and
separate descending aortas ; VY, the vitellme veins entering the heart j)osteriorly. The
arrows indicate the course of the blood.

the wall. The. pericardial covering arises by an extension of the wall

of the body cavity which folds itself round each side of the commencing
part of the heart.

There is, however, a considerable difference among animals in

the form presented by the rudiments of the primitive heart, connected

apparently with a difference in the rate of progress of the cephalic

fold of the blastoderm Avliich incloses the anterior part of the alimentary

canal, and the median coalescence of the parts which give rise to the
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hearfc itself. Thus in certain animals, such as elasmobranchs, cyclo-

stomata, ganoids, and amphibia, in which the closure of the cephalic

fold is rapid, the deeper or endocardiac rudiments of the heart are

collected into a mesial mass, and the cavity of the organ hollowed out in

their interior is from the first single, and occupies a place on the

ventral side of the pharynx immediately behind the branchial arches,

Fig. 768.

Fig. 768.

—

Tkansverse section through the head op an embryo rabbit or eight
DAYS AND FOURTEEN HOURS, WITH A PART OP THE PERIPHERAL BLASTODERM. *f.

(From Kolliker.)

hh, rudiments of tlie heart ; sr, pharjTigeal groove.

where it receives the inflection of the mesoblastic cells, which form its'

muscular wall. But in others, such as mammals, in which the fact was
first discovered by Hensen (No. 88), in osseous fishes, and to some extent

also in birds, in which the enclosure of the pharyngeal cavity by the in-

flection of the cephalic fold is of later occurrence, the heart has at first the

remarkable form of two tubes separated to some distance from each other,

and the formation of the single and median cavity of the heart is

due to the gradual approximation of these tubes and their coalescence

Fig. 769.

•mes fi

.j^-'-

dd'
\
dd

Fig. 769.

—

Part of the foregoing figure more highly magnified. ^^.

(From Kolliker.)

rf, medullary groove ; rw, dorsal ridge ; mf, medullary plate and rudiment of the
train ; /i, epiblast ; Ap, parietal wall ; df'p, visceral mesoblast, inflected into the

outer wall of the heart alih ; iMi, inner or endovascular lining of the heart
;
jpA, pericardial

cavity ; nvis, mesoblast beyond the rudiments of the heart ; dd^ hypoblast ; cW, note-

chord ; sw, lateral wall of the develox^ing pharynx.

into one by the union and subsequent disappearance of the adjacent

parts of their primitive walls. In the case of the heart being thus at

first double, each tube receives posteriorly the large entering vein, and is

prolonged anteriorly into the issuing vessel or artery ; while in the

median single heart, whether formed originally so, or by later fusion of

two tubes, the posterior part receives the two entering veins, while the

anterior part opens into the two primitive outgoing arteries.
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The accompanying figures (768 & 769) from KoUiker will explain by a
sectional view the manner in which in mammals the inflection of the two
laminae of the meso blast gives rise to the walls of the separate components

Fig. 770.

Fig. 770.

—

Tkaitsverse section through the region of the heart in an embryo-
chick OF 39 HOURS. ^J. (From Kolliker.)

m, medulla oblongata ; a, a, descending aortas
;
ph, pharynx ; h, epiblast ; h', thicken-

ing of the same where the auditory vesicle is to be formed ; hp, parietal mesoblast

;

hz2), outer wall of the heart ; ihh, inner wall, the cavity still divided by a septum s ;

Jih, pericardial cavity ; uhg, ventral mesocardium produced temporarily by the reilection

of the viscera] mesoblast hzp into dfp' ; g, g, vessels in the visceral mesoblast ; En%
hypoblast.

of the heart and the primary right and left compartments of the peri-

cardium. The endocardiac lining {ihh) is derived from the deeper part

of the visceral mesoblast.

Fig. 771.

ent

between the two halves of the heart

:

Fig. 771.

—

Transverse SEC-

tion through the re-
gion op the heart in a
rabbit's embryo of nine
DAYS. 8„o_ (From
Kolliker.

)

jj, jugular veins ; ao, de-
scending aortic roots ; pJi,

l^harynx ; Jip, body-wall re-

flected in eet ; ih, inner

cellular lining of the still

divided heart ; all, outer

wall of the heart
; p, peri-

cardial cavity ; df, df,
visceral inesoblast : e', pro-

longation of the hypoblast

of the foi'egut and the an-

terior wall of the pericardial

cavity into the ijartition

il, blastoderm ; ent, visceral wall.

It would appear that in both forms of the heart's origin the inflection of tlie

mesoblast which gives rise to its wall is at first incomplete. In the case of the

single and median formation this has the effect of leaving the endocardiac wall

of the rudimentary organ in immediate contact with the hypoblast of the cepha-

lic part of the alimentary cavity ; but very soon the further inflection of the
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outer mesoblastic layer of cells completes the muscular and pericardial wall

superiorly or on tke dorsal side, leaving however there for a time a short septum
at the place of meeting which constitutes a superior or dorsal mesocardium, while

a similar septum exists for a time below as a ventral mesocardium.
The mode of formation of the heart in birds is in some degree intermediate

between the two previously referred to, as the single organ arises by the coales-

cence of two tubes which are at first separate, but by the time these are formed
the ventral wall of the pharynx is already advanced in its enclosui'e, so that

it is almost impossible to detect the double foiTa in the view of flat speci-

mens of the bird's embryo. Hence, before the fact was ascertained by means of

sections, the older observers all held the heart of the bird to originate as a single

median organ.

The primitive vems or large vessels by which blood is carried into the posterior

extremity of the rudimentary heart are the principal returning venous channels

which collect the blood from the terminal siaus of the vascular area, while the
two vessels which proceed from the anterior extremity form the fixst pair of

aortic arches which bend over the side of the pharyngeal wall at the level of the

mandibular arch and pass on dorsally in the body of the embryo below the
vertebral somites as the two primitive aortee, which afterwards coalesce to form
the median aorta. To these further reference will be made later.

Among the fiu'ther changes which the heart undergoes in the course

of its progress from the simple form of a median symmetrical tube into

Fig. 772. — Human embryos
AT DIFFERENT EARLY STAGES
OF DEVELOPMENT, SHOWING
THE HEART IN ITS TUBULAR
CONDITION.

Fig. 772.

A, upper half of the body of

a human embryo of three weeks,

viewed from the abdominal side

(from Coste) ; a, frontal jiUite
;

h, protovertebrffi, on which
the i^rimitive aortte are lying

;

3, the middle of the tube of the
heart, below it the place of en-

trance of the great veins, above
it the aortic bulb.

B, lateral view of a human
embryo more advanced than that

last refen-ed to (from A. Thomson) ; a, the frontal part of the head ; h, the vertebral
column ; v, the v/ide communication of the umbilical vesicle with the intestine ; u,
allantoic pedicle; 2, auricular part of the heart connected with the veins posteriorly;

3, ventricular part of the bent tube ; 4, the aortic bulb ; near the extremities of the
tube the divided pericardium is seen. •

its fuller state of development, one of the earliest may be attributed to
the mere elongation of the tube, for the anterior and posterior extremities
being fixed by the vascular connection to the body of the embryo, the
elongating intervening part, which is not so attached, is necessarily
thrown into a folded or curved shape, the middle part bulging ventrally,
and taking usually a direction to the right side of the still prone and
symmetrical embryo. This form of the heart has been observed in the
human embryo of three weeks, corresponding in all respects to the heart
of the bird or mammal at a parallel stage of advancement Tsee Fie:.

772, A and B).
r ^ k &

As the development of the tubular heart progresses, the bend in-
creases, and the venous is doubled back upon the arterial end. The
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tube also becomes divided by two slight constrictions into three portions,

of which that originally posterior and receiving the veins is the widest,

and constitutes the primitive anricle ; the middle one, next in width,

and most strongly bent upon itself, becomes the ventricular portion ; and
the third, situated anteriorly and retaining most the simple tubular form,

is the arterial or aortic bulb.

Division into Single Auricle, Ventricle, and Arterial Bulb.
—By a continued increase of the inflection of the heart-tube, a change
in the relative position of the several parts is effected, so that the

auricular cavity comes to be placed above or behind (dorsally) and to the

Fig. 773. Fig. 773. — Outlines of the
B EMBRYO OF THE CHICK AT THE

END OP THE THIRD DAY. \",

(After His.)

A, dorsal and liglit side ; B,
ventral and left side ; h, the
heart. The other parts of the
figure are explained elsewhere.

left of the ventricular part,

the veins being carried for-

wards along with it, while
the arterial bulb is attached
by its extremity in front to

the neck of the embryo im-
mediately below the visceral

plates. There is as yet only
a single passage through the
heart, but the distinction

of the auricular and ven-
tricular cavities becomes
more apparent, both by an

increase in the diameter of each, and by the constriction which separates

them, and by the much greater thickness acquired by the walls of the
ventricular and bulbous parts as compared with the auricular portion.

The three parts of the heart have now the appearance of being very
closely tAvisted together. The ventricular part becomes considerably

wider transversely, and the auricular part shows two projecting pouches,

one on each side of the arterial bulb, which are the first indications of

the future auricular appendages. At the same time the constriction

between the auricular and ventricular parts increases considerably, and
the constricted part elongating, produces what has been called the canalis

aimcularis.

Division of the Right and Left Cavities. Ventricles.—The
next series of changes in the developing heart consists in the division of

each original single cavity of the ventricle, auricle, and arterial bulb into

two compartments, so as to form the right and left ventricles and auricles,

and the stems of the pulmonary artery and aorta. The first of these changes

occurs in the ventricular portion, and is to be seen in progress on the

fourth day in the chick, and in the sixth and seventh week in the human
embryo. The ventricular chamber of the heart increasing coiisiderably

in breadth, that part of it which ultimately becomes the apex of the heart

is thrown towards the left side, and in most mammals, and especially in
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the human embryo, a blunt cleft or depression appears between this and
the right part of the ventricle, which causes an external division into two
portions corresponding to the futm-e right and left ventricles ; and if the

interior of the ventricular cavity be examined at this time, there is per-

ceived a crescentic partition rising from the lower border of the right

wall and projecting into the cavity, at first narrow and placed opposite

the external notch, but gradually growing more and more towards the

Fig. 774.Fig. 774.

—

Head of the embryo op the dos with the
HEART SEEN FROM BELOW. (From Kolliker, after Bisclioif.)

Magnified.

a, cerebral hemispheres ; 6, eyes ; c, mid -brain ; d, man-
dibular plates ; e, superior maxillary processes

; /, /', /",

second, third, and fourth branchial or visceral plates
; g,

right, li, left auricle of the hearb ; k, right, i, left ventricle
;

I, aortic or arterial bulb, -with three pairs of aortic or vascular

arches proceeding from it.

am'iculo-ventricular aperture. As development

progresses the external division becomes more or

less effaced, when the apex of the heart formed
by the left ventricle becomes more pointed, and
the whole heart takes somewhat of the conical

form which belongs to its advanced condition

;

but in the adult heart the depression is still perceptible as the inter-

ventricular gToove, which, as is well known, varies considerably in depth
in different cases. In some animals, as the rabbit, the temporary ex-

ternal division of the ventricles is very apparent, while in others, as in

Fig. 775.

Fig. 775.

—

Shows the position and form
OF THE heart IN THE HUMAN EMBRYO
FROM THE FOURTH TO THE SIXTH WEEK.

A, upper half of the body of a human
embryo of nea,rly four weeks old (from

Kolliker after Coste) ; B and C, anterior and
posterior views of the heart of a human
embryo of six weeks (from Kolliker after

Ecker) ; a, frontal lappet ; h, mouth. ; c,

ventral ends of the second and third bran-

chial arches ; d, upper limb ; e, liver
; /,

intestine cut short ; 1, superior vena cava
;

1', left superior cava or brachio-cephalic

connected with the coronary vein ; 1", opening

of the inferior vena cava ; 2, 2', right and
left auricles ; 3, 3', right and left ventricles

;

4, aortic bulb.

ruminants, there is very little of the external notching to be seen,

and in them, as in birds, the heart very early assumes the conical form.

The dugong presents a remarkable example of the persistence of the

complete external separation of the ventricles, and in the seal a tendency

has been observed to the occasional occurrence of the same variety

(Ecker, A. Thomson).
The Internal septum of the ventricles continuing to rise between the
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right and left di^dsions of the cavity, reaches at last the base, Avhere it is

placed in relation with both the auriculo-ventricular orifice and the root

of the arterial bulb ; but at this place there remains for a time a com-

munication over the still free border of the septum between the right

and left ventricles, which is interesting, as this is the seat of the

abnormal communication between the right and left ventricles in almost,

all cases of malformation of the heart presenting that condition.

Division of the Auricles.—Although the auricular cavity
_

presents

externally some appearance of being divided into two at a period ante-

cedent to the partition of the ventricles, in consequence of the forma-

tion of the right and left auricular appendages before mentioned, the

Fig. 776. Fig. 777.

Fig. 776.

—

View of the front and right side of the foetal heart, at four
MONTHS, the right ADRiciiE BEING LAID OPEN. (From Kilian.)

a, the right anriculo-ventricular opening ; 6, a probe passed up the vena cava inferior

and through the fossa ovalis and foramen ovale into the left auricle ; c, vena cava inferior ;

€, Eustachian valve ; r, valve of the foramen ovale ; s, s', vena cava superior.

Fig. 777.

—

View of the posterior and left surface of the heart op a fcetus

OF FOUR MONTHS, THE LEFT AURICLE BEING OPENED. (From Kilian.

)

a, left auricular-ventricular orifice ; c, inferior vena cava, through which a probe 5, is

passed from below, and thence by the foramen ovale into the left auricle ; e, left auricular

appendage laid open ; o, valve of the foramen ovale seen to be attached to the left side of

the annulus ovalis of the septum.

internal division of the cavity does not take place till some time later,

as on the fifth and sixth days in the chick, and in the eighth week in

the human embryo. The auricular septum commences as an internal

fold proceeding from the anterior wall of the common cavity, and start-

ing from the septmn of the ventricles, it grows backwards towards the

entrance of the common vein or sinus, but stops short of it some dis-

tance. For a time, therefore, the veins enter the back part of the

common auricular cavity. It is proper to explain, however, that, by the

time at which the aiu-icular septum is forming, the venous sinus has been

modified so as to produce three veins entering the auricle at its back
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parfc. Of these, two correspond to the permanent right superior and
the inferior cava veins, and the third to a left superior cava connected

with what afterwards becomes the coronary sinus. For a time, all the

three vessels open so as to communicate freely with the whole auricular

cavity. But changes now occur which cause the left superior cava and
the inferior cava to be directed towards the left side, while the right-

superior cava is placed more immediately in connection with the right

jDart of the auricular cavity.

The auricular septum, in extending itself backwards, is not completed,

but leaves an oval deficiency in its lower and middle part, as theforamen
ovale, and the inferior cava opens immediately behind this aperture.

Some time later, or in the human embryo in the course of the tenth

or eleventh "O'eek, two new folds make their appearance in the auricles

posteriorly. One of these, constituting the Eustachian valve, of a

crescentic form, is placed to the right of the entrance of the inferior

vena cava, and in the angle between it and the orifice of the left superior

cava (or great coronary smus). This fold, besides separating these two
veins, and thus throwing the opening of the left superior cava into

exclusive communication with the right auricle, runs forward into the

annulus ovalis or border of the anterior auricular septum, deepening the

entrance of the inferior cava into a groove close to the foramen ovale,

and thus directing the blood entering by that vessel through the foramen
into the left auricle. (Kilian, 237).

The other fold referred to advances from the posterior wall of the

common auricle to meet the anterior auricular septum, but to the

left of the border of the foramen ovale. To this border, however, it

adheres as it grows forwards, and thus gradually fills up the floor of the

fossa ovalis. Up to the middle of foetal life, this posterior septum being
incomplete, there is a direct passage from right to left through the
foramen ; but, after that period, the fold in question, having advanced
beyond the anterior border of the annulus ovalis and lying to the left,

does not adhere to this or the fore part of the annulus, but leaves a

passage between, and appears as a crescentic fold in the left auricle,

which, as it passes beyond the annulus, constitutes in the last three or

four months a very perfect valve against the return of blood from the

left into the right auricle.

Division of the Arterial Bulb.—The third important change
occurring in the heart belongs to the arterial bulb, by which there are

developed from this tube the first parts or main stems of the pulmonary
artery and the aorta. Within the thick walls of this arterial tube there is

at first only a single subcylindrical cavity, continued from the originally

single ventricle ; but, soon after the partition of the ventricular

cavity has commenced, or in the human embryo of the seventh week, a
division of the bulb by an independent process begins to take place.

This consists in the projection inwards from the distal end of the bulb
of a fold of the wall, involving at first only the inner and middle coats,

not perceptible externally, and advancing more rapidly on the two
sides than in the middle. The cavity of the bulb is thus divided into

two channels, which may be described as respectively anterior and pos-

terior, but which, from the spiral direction taken by the folds, are some-
what twisted on each other, so that the channel which at the ventricular

end is placed anteriorly becomes connected with the right ventricle and
forms the pulmonary stem, and that which is placed posteriorly becomes

VOL. II. 3 K
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connected with the left yentricle and forms the commencement of the

aorta. In the distal portion of the bulb, hosvever, the pulmonary
channel is situated to the left and posteriorly, and the aortic channel

is to the right and most foi-wards ; and at tliis end these channels are

respectively connected with diiferent aortic arches, giving rise to the

permanent pulmonic and systemic vessels in the manner afterwards

described. (Tonge, No. 248).

It is further to be noted that the partition of the bulb begins at the

remote extremity between the fourth and fifth aortic arches, and advances

towards the ventricles. There is a time, therefore, dining which the

ventricular septum, and the septum of the bulb, advancing towards each

other, are incomplete and disunited ; and from the difference in their

general direction it is obvious that the septum of the bulb must be

twisted upon itself, in order that it may finally unite and become con-

tinuous with that of the ventricles.

The completion of the partition of the aortic and pulmonary stems

is afterwards effected by the progress of the division from Avithin out-

wards through the external w'alls of the tubes ; but the tAvo vessels

still remain united externally by a common envelope of pericardium.

The remarkable cases sometimes observed of abnormal transposition

of the two great arterial stems from their natural connection with their

respective ventricles may be explained by reference to the history of the

development of the parts of the heart before given.

Pormation of the Valves.—The formation of the auriculo-ventricular and
semilunar valves takes place in the course of the second and third month's in the

human embryo. The semilunar valves of the aorta and ptdmonaiy ai-tery are

formed simultaneously ; and according to Tonge's observations in the chick, the
plates or projections of the endocardiac lining which give rise to the valves are

already formed before the septum of the bulb has reached the ventricle, and they
arise at some distance from the ventricular orifices. The ventral and dorsal

valves are the first to appear. KoUiker has observed these valves in the co^^rse

of formation in the human embrj'o of seven weeks. The segnaents are at first of

unequal size, one being much shorter than the other two. The sinuses are much
later in being formed.

The auriculo-ventricular valves have been shown by the observations of G-egen-

baur (No. 39), Bemays (No. 250), and KoUiker (No. 28, i,), to be formed out of

plates which are originally part of the inner wall of the ventricles and auriculo-

ventricular orifices. In connection with this it may be mentioned that the whole
wall of the ventricles is in the earlier condition of the human heart, as in that

of all animals, of a remarkable spongy or reticulated structure—a condition which
remains persistent throughout life in most of the animals belonging to the three

lower vertebrate classes ; but in birds and mammals the reticulated structure is

gradually lost by the solidification of the wall advancing from the outside in-

wards, and the columna3 carneaj and musculi papillares may be regarded as the

vestiges of the reticulation internally.

The inner plates from which the auriculo-ventricular valves are formed con-

tain at first a considerable amount of muscular substance, Avhich afterwards in a
great measure disappears.

In the latter changes, by which the inner plates are moulded into the form and
structure of the valvular flaps, the upper or auricular part becomes fibrous, com-
pact, and entii-e ; the lower or ventricular part breaks up into the papillaj, which
retain their muscularity and their attachment to the wall of the ventricles ; while

the intervening portion is more completely divided to form the thinner chordas

tendinejE in which the muscular structiu-e is in a great measure or entirely lost.

The division of the whole plates into the larger segments of the valves accom-
panies these changes.
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The manner in which the pnhnonaiy veins, which are formed sepa-

rately in the hmgs, come to be connected with the left auricle has not

yet been ascertained.

No farther important changes occur in the internal structure of the

heart, but there are some Avhich aflPect the external form and thickness

of its walls. In early foetal life the size of the heart bears a considerably

gTeater proportion to that of the body than at a later period. At birth

it is still proportionaUy large. For some time the auricular portion

remains more voluminous than the ventricular, but in the latter half of

foetal life the permanent proportion is more nearly established. The
walls of both ventricles are also thicker than in after life, and it is

especially deserving of notice that the wall of the right is, up to near

the time of birth, quite as thick as that of the left—a peculiarity

which may be connected with the office of the right ventricle to propel

the blood of the foetus through the extended com-se of the ductus arte-

riosus, the descending aorta and the placental circulation.

II. DEVELOPMENT OF THE BLOOD-VESSELS.

The Principal Arteries. The Aorta.—The most interesting part

of this history is that relating to the development of the aorta and the

larger vessels arising from it.

In all vertebrates the arterial vessels proceeding from the ventral aortic

bulb of the heart form five (and in some more) pairs of arches sur-

rounding the anterior or pharyngeal part of the alimentary canal, and
after a certain progress in development, uniting dorsally into the roots

of the aorta of the trunk. At first, however, there is only one pair of

these arches, and these are continued separately into the two vessels

which represent the primitive state of the aorta.

It was first suggested by Serres, and subsequently proved by the writer

of this chapter, by means of sections (jSTo. 230, 1831), that the main aorta

is formed by the median fusion of the two vessels previously separate.

This fusion begins in the chick about the fortieth hour in the middle of

the dorsal region, and extends forwards till it reaches the roots of the

branchial arches, and backwards as far ultimately as the division into the

iliac arteries. When this union reaches the place where the vitelline

arteries pass out on each side, these vessels, each of which was previously

the continuation merely ofone of the primary main arteries, apj)ear now as

branches of a single and median aorta. The iliac are the next large

vessels formed from the hinder part of the aorta. The first vessels

belonging to these trunks are not, however, those of the lower limbs,

for these do not yet exist; but rather the umbilical or hypogastric

arteries, developed at a very early period in connection with the allantois,

and subsequently attaining to a large size along with the growth of the

placenta. As the limbs are formed, the arteries are developed in them
which afterwards become the iliac divisions of the main aorta ; but they

are for a long time comparatively small, while the umbilical arteries are

of very large size, so that, even up to the conclusion of foetal life, these

last appear to form the principal part of the two large vessels into which
the aorta divides.

Tte relation of the process of mesial fusion of the originally double aorta to

the occurrence of a permanent double canal in that vessel as a malformation,
3 K 2
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described by Vrolik, Schroder van der Kolk, and Cruveilliier, and observed also

by Allen Thomson, has already been referred to in vol. i., p. 350.

According- to Serres, the vertebral arteries within the cranium are originally

separate, and the basilar artery results from their mesial union or fusion in the

same manner as occurs in the aorta ; and the union of the two anterior cere-

Fig. 778.—^Diagrammatic outlines of the heart and primitive vessels of the embrto
CHICK as seen from BELOW AND ENLARGED. (A. T.

)

A, soon after the iirst establishment of the circulation ; B, C, at a somewhat later

period ; 1, 1, the veins returning from the vascular area ; 2, 3, 4, the heart, now in the

form of a notched tube ; 5, 5 (upper), the two primitive aortic arches ; 6, 5 (lower), tlio

primitive double aorta ; A, the single or united aorta ; 5', 5', the continuation of the

double aortfe beyond the origin of the large omphalo-mesenteric arteries, 6, 6. The
division above 4 is represented as carried rather too far down.

bral arteries in the forepart of the circle of Willis is another example of the

same process. It seems probable that the internal cross band observed by John
Davy in the interior of the basilar artery may be a remnant of the septum or

united walls of the two vertebral arteries.

Aortic or Branchial Arches.—The two primitive arterial arches

which lead into the dorsal aorta from the arterial bnlb of the rudimentary

heart, at the time of the establishment of the first circulation, are the

most anterior of a series of five pairs of vascular arches Avhich are

developed in succession round this part of the pharynx; and which,

since their discovery by Eathke in 1825 (No. 173), have been regarded

with much interest, as corresponding with those which are the seat

of development of the subdivided blood-vessels of the gills in fishes and
amphibia. These vascular arches thus exhibit in the amniota, along

with the brancliial clefts and visceral arches, a tyjaical resemblance to the

structure of gills ; and although no full development of these respiratory

organs occurs in such animals, they give rise by their various trans-

formations to the permanent pulmonary and aortic stems and the

principal vessels which spring from them.
The form and position of the primitive aortic arches, up to the time

of their transformation into permanent vessels, or their disappearance,

are nearly the same in reptiles, birds, and mammals; and the main
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diiferences in the seat and distribution of the large permanent vessels

are to be traced to changes in the patency and extent of growth of

the several arches. The live pairs of arches do not all co-exist at the

same time, for they are developed in succession from before backwards

;

and by the third day of incubation, or by the corresponding period of

the fourth week in the human embryo, when the posterior arches have
been formed, already the two anterior arches, beginning with the first

one, have become partially obliterated. Each of the first four branchial

Fig. 779.

Fig. 779. —Transverse section of an embryo rabbit, op nine days and two hours,
IN THE MIDDLE DORSAL REGION, ^f. (From KoUiker.

)

mr, medullary tube ; uw, protovertebral mass ; h, epiblast ; lip, parietal mesoblast

;

dfp, visceral division of the mesoblast ; -pp, pleuro-peritoneal cavity between them ; ung,
primitive segmental duct ; g, vessels in the visceral mesoblast ; ch, notochord ; dr,

intestinal groove of the hypoblast.

arches occupies a place in the substance of the visceral arches, and in

front of one of the pharyngeal clefts. The first or anterior is therefore

situated in the mandibular arch, and in fi'ont of the tympano-Eustachian

or hyomandibular cleft ; and the fifth arterial arch is placed behind the

fourth pharyngeal cleft and in the substance of the neck, in Avhich

there is no distinct arch in the higher animals, but which is the seat of
a developed branchial bar in some aquatic vertebrates.

The vessels forming the arterial arches are given off on each side in

succession from two short canals, into which the primitive arterial bulb

divides immediately in front of the place where it joius the neck. These
may be named the ventral or anterior aortic roots ; and similarly,

Avhen they have passed round the wall of the pharynx, the branchial

arches unite in succession into a vessel on each side, thus forming the

dorsal or posterior aortic roots.

On the third and fourth days in the chick, and from the fourth to the

sixth week in the human embryo, there are still three complete pairs of

arterial arches passing round the pharynx, and connected both before

and behind with the anterior and posterior aortic roots previously men-
tioned. The transformations of these arches were in part traced by Yon
Baer and various other observers, but the fuller knowledge of their changes

is due to the later researches of Rathke (No. 240, iv); and although some
jDoints are still left in doubt, their history may now be given from these

observations, which receive interesting illustration from the investigation
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of the various examples of congenital malformation, the greater number
of "which are manifestly related to variations in the natural mode of
development (see Fig. 780).

From these researclies it appears that the permanent vessels owe their forma-
tion to the persistence of certain of the fcetal arches or parts of them, while
other arches or portions of them become obliterated and disappear. Thus it is

ascertained that in mammals the main aortic arch, which in the adult pass-es to

Fig. 780. Fig. 780.

—

Diagram of the aoktic or
BRANCHIAL VASCULAR ARCHES OP THE
MAMMAL, -WITH THKIR TKANSFOEMATIOKS
GIVIKG RISE TO THE PERMANENT ARTERIAL
TESSELS. (After Eathke, shglitly al-

tered. )

A, P, primitive arterial stem or aortic

bulb, now divided into A, the ascending
part of tlie aortic arch, and P, the pul-

monary ; a, the right ; a', the left aortic

root ; A', the descending aorta. On the

right side, 1, 2, 3, 4, 5 indicate the five

Ijrimitive arterial arches ; on the left

side, I, II, III, IV the four pharyngeal
clefts, Avhich, for the sake of clearness, have
been omitted on the right side. It will be
observed, that while the fourth and fifth

jaairs of arches rise from the part of the

aortic bulb or stem, which is at first un-
divided, the first, second, and third j^airs

are branches above c, of a secondary stem
on each side. The permanent systemic

vessels are represented in deeji shade, the

pulmonary arteries lighter ; the parts of

the primitive arches which have only a
temporary existence are drawn in outline only, c, placed between the permanent com-
mon carotid arteries ; ce, the external carotid arteries ; ci, ci', the right and left internal

carotid arteries ; s, the right subclavian rising from the right aortic root beyond the

fifth arch ; v, the right vertebral from the same opposite the fourth arch ; v', s', the

left vertebral and subclavian arteries rising together from the left or permanent aortic

root opposite the fourth arch ; P, the pulmonary arteries rising together from the left

fifth arch ; d, the outer or back part of the left fifth arch, forming the ductus arteriosus
;

pn, pn, the right and left pneumogastric nerves, descending in front of the aortic

arches, with their recurrent branches represented diagrammaticallj' as passing behind,

with a view to illustrate the relations of these nerves respectively to the right subclavian

artery (4) and the arch of the aorta and ductus arteriosus {d).

the left of the trachea and gullet, is formed by the persistence of the fourth
embryonic arterial arch of the left side, which not only remains patent, and
is connected with the aortic stem of the arterial bulb, but by the increase

of its width and the thickness of its walls keeps pace in its rate of growth with
that of other parts of the body, so that it soon surpasses all the rest of the arches

in its dimensions. In birds, however, the permanent aortic arch is on the right

of the trachea and gullet, being formed by the persistence of the fourth embry-
onic arch of the" right side ; w^hUe, in all reptiles, as there are two permanent
aortic arches, it is by the persistence of both the right and left fourth arches

that the two aortas are produced, the right being that which is most directly con-

nected with the systemic or left ventricle.

The pulmonary arteries of mammals would appear from Rathke's observations to

be developed in connection with only one foetal arterial arch—viz., the fifth of

the left side—from the middle isart of which they are formed as branches, and the

whole fifth arch of the right side after a time undergoes atrophy and obliteration.

The first part of the left fifth arch, becoming the common pulmonary artery, is
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connected with, ttat division of the arterial bulb which is separated as the

pulmonary stem ; but the remote part of this arch also remains fully patent,

and undergoing development equally with the rest of its extent, continues to

lead into the left root of the aorta as ductus arteriosus Botalli, which serves to

convey the blood from the right ventricle of the foetal heart into the descending

aorta, but becomes obliterated at the time of bii-th.

This duct is therefore in mammals due to a persistent condition of the fifth

left branchial arch ; but, in birds and reptiles, the process of transforma-

tion is somewhat different, for in them the right and left pulmonary arteries

(excepting in those serpents in which there is only one lung- developed) are

formed in connection with the respective right and left fifth branchial arches,

and there are thus two ductus arteriosi during foetal life, the short one of the

right side corresponding to that which is J([ft or sinistral in mammals, and the

longer one of the left side passing round the pharynx iarto the left aortic root.

Both of these arches are obliterated at the time of the exclusion of the bird from
the e.gg : but in some reptiles the ductus arteriosi remain permanently open
during life.

The subclavian and vertebral arteries were shown by Kathke to spring from
the posterior aortic roots at a place between the junction of the fourth and fifth

arches. In mammals, the vessels on the left side are from the fii'st in direct

connection with the aortic root at the place which they permanently occupy

;

but upon the right side, as the fourth arch and the aortic root are obliterated

posteriorly, the passage for blood from the aortic stem into the subclavian trunk
is formed by the persistence of the forepart of the fourth right arch as far as

the place Avhere it meets the origin of the subclavian and vertebral arteries,

The common carotid trunks, occupying the region which afterwards becomes
the neck, but which is at first absent or extremely short, are formed by the

anterior divisions of the aortic roots ; while the external carotid artery is due to

the persistence of a channel in the continuation of each anterior aortic root, and
the internal carotid artery arises fi-om the persistence of the crossing third arch

and the upper part of the posterior aortic root.

Thus it falls out that, in man and a certain number of mammals, an in-

nominate artery is formed on the right side by the union of the first part of the

fourth right aortic arch leading into the right subclavian with the right anterior

aoi-tic root which forms the common carotid : while, on the left side, the carotid

and subclavian vessels rise separately from the permanent aortic arch in conse-

quence of the distance between them in the original foetal condition.

It does not come within the scope of this work to describe the further steps

of development of these vessels, nor to enter into an explanation of the manner
in which abnormal i^osition of the arch of the aorta and its branches, or of the

pulmonary arteries, may be supposed to arise. For further information on this

subject the reader is referred to the short account of the varieties given in the

description of the blood-vessels in the first volume of this work, as well as to the
third volume of Henle's Handbuch, and to the special works of Tiedemann and
Richard Quain on the arteries,

THE GREAT VEINS.

In the early embryo, before the development of the allantois, a right and a
left vitelline (or omphalo-mesenteric) vein bring back the blood from the walls of

the umbilical vesicle, and unite to form a short trunk, the meatus venosus, which,

is continued into the auricular extremity of the rudimentary heart.

In the first commencement of the allantoid circulation, or in the foui'th week
of foetal life, two umbilical veins are seen coming from the placenta, and uniting

to form a short trunk, which opens into the common vitelline vein. Yery
soon the right vitelline vein and right umbilical vein disappear. In connection

with the common trunk of these veins, proceeding to the liver, two sets of

vessels make their appearance in the early stage of its growth. Those
furthest from the heart, named vcnce licpatlcce adveJicntes, become the right and
left divisions of the poital vein ; the others are the hepatic veins, vcnce hepatlcce

revclientes. The portion of vessel interventag between those two sets of veias
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forms the (hictns rejiosus. and the part above the hepatic vein, being subsequently

joined by the ascending vena cava, forms the upper extremity of that vein. Into

the remaining or left vitelline vein there open the mesenteric and splenic veins.

The part above the latter forms the trunk of the portal vein ; and the portion

Fi£c. 781. Fig. 781. DiAGEAJIS ILLUSTRATING THE
DEVELOPMENT OP THE GREAT VEINS.

(After Kolliker.)

A, plan of tbe principal veins of the
fcetus of about four weeks, or soon after

the first formation of the vessels of tbe
liver and the vena cava inferior.

B, veins of the liver at a somewhat
eai'lier period.

C, principal veins of the foetus after

the establishment of the placental circu-

lation.

D, veins of the liver at the same
IJeriod.

dc, the right and left ducts of Cuvier
;

ca, the right and left cardinal veins

;

j, j, the jugular veins ; s, the subclavian

veins ; az, the azygos vein ; u, the um-
bilical or left umbilical vein ; u', in B,

the temporary right umbilical vein ; o, the

vitelline vein ; o', the right ; m, the

mesenteric veins
; p, the portal vein ;

P', P', the venEe advehentes ; I, the duc-

tus venosus ; V, V, the hepatic veins ;

ci, vena cava inferior ; il, the division

of the vena cava inferior into common
iliac veins ; cr, the external iliac or

crural veins ; /;, the hypogastric or in-

ternal iliac veins, in the line of continua-

tion of the primitive cardinal veins.

In C, li, in dotted lines, the trans-

verse branch of communication between
the jugular veins which forms the left

brachio-cephalic veia ; r'l, the right

brachio-cephalic vein ; ca', the remains

of the left cardinal vein by which the

superior intercostal veins fall into the

left bracliio-cephalic vein ; above P, the

obliquely crossing vein by which the hemi-
azygos joins the azygos vein.

of vessel between the union of this with the umbilical vein and the origin

of the vente hepatica3 advehentes is so altered that the portal trunk opens

into the commencement of the right vena advehens.

At the time of the commencement of the placental cu'culation, two short

transverse venous trunks, the ducts of Cuvier, open, one on each side, into the

auricle of the heart. Each is formed by the union of a superior and an inferior

vein, named respectively the 2f>'imitire J7(ff7(lar and the cardinal.

The primitice Jugular vein receives the blood from the cranial cavity by
channels in front of the ear, which are subsequently obliterated : in the greater

part of its extent it becomes the internal jugular vein ; and near its lower end
it receives small branches, which grow to be the external jugular and subclavian

veins. The cardinal reins are the primitive vessels which return the blood from
the Wolffian bodies, the vertebral column, and the parietes of the trunk. The
inferior vena cava is a vessel of later development, which opens into the

trunk of the umbilical and vitelline veins, above the venas hepaticaj reve-

hentes. The iliac veins, which imite to foim the inferior vena cava, commimi-
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cate witli tlie cardinal veins. The inferior extremities of the cardinal veins are

persistent as the internal iliac veins. Above the iliac veins the cardinal veins

are obliterated in a considerable part of their course ; their upper portions then

become continuous with two new vessels, the j^ostei-ior verteiral veins of Eathke,

which receive the lumbar and intercostal twigs.

As development proceeds, the direction of the ducts of Cuvier is altered by the

Fig. 732.

¥ig. 782.—A and B.

—

Diagrammatic otttlines of the vestige of the left superior
CAVA AND OF A CASE OF ITS PERSISTENCE. (Sketched after Marshall.) |.

A, brachio-cephalic veins with the superior intercostal, azygos, and principal cardiac

veins. (In this and in B the veins are supposed to be seen from before.)

B, the same in a case of persistence of the left superior cava, showing its communication
with the sinus of the coronary vein. The views are supj)osed to be from before, the parts

of the heart being removed or seen through.

1, 1', the iaternal jugular veins ; 2, 2', subclavian veins ; 3, right innominate ;
3', right

or regular superior cava ; 4, in A, the left innominate ; in B, the transverse or communi-
cating vein between the right and left superior vente cavse ; 5, in A, the opening of the

superior intercostal vein into the innominate ;
5', vestige of the left sui^erior cava or duct

of Cuvier ; 5, 5', in B, the left vena cava superior abnormally persistent, along with sa

contracted condition of 4, the communicating vein ; 6, the sinus of the coronary vein ; 6',

branches of the coronary veins ; 7, the superior intercostal trunk of the left side, or left

cardinal vein ; 8, the principal azygos or right cardinal vein ;
7', 8', some of the upper

intercostal veins ; 9, the opening of the inferior vena cava, with the Eustachian valve.

descent of the heart from the cervical into the thoracic region, and becomes
the same as that of the primitive jugular veins. A communicating branch
makes its appearance, directed transversely from the junction of the left sub-

clavian and jugular veins, obliquely across the middle line to the right

jugular ; and further down in the dorsal region between the posterior vertebral

veins a communicating branch passes obliquely across the middle line from right

to left. The communicating branch between the primitive jugular veins is con-

verted into the left brachio-cephalic or innominate vein. The portion of vessel

between the right subclavian vein and the termination of the communicatingbranch
becomes the right brachio-cephalic vein. The portion of the primitive jugular
vein below the communicating vein, together with the right duct of Cuvier. forms
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the vena cava superior, wliile the cardinal vein opening into it is the extremity of

the gi'eat vena azygos. On the left side, the portion of the primitive jugular vein

placed below the communicating branch, and the cardinal and posterior vertebral

veins, together with the cross branch between the two posterior vertebral veins, are

converted into the left superior intercostal and left superior and inferior azygos

veins. The variability in the adult arrangement of these vessels depends on the

Fig. 783. Fig. 783.—View of the foetal heart
AND GREAT VESSELS, FROM THE LEFT
SIDE, TO SHOW THE VESTIGE OF THE
LEFT SUPERIOR CAA^A VEIN IN SITU.

(This figure is planned after one of

Marshall's, and slightly altered accord-

ing to an original dissection.

)

a, right auricle ; b, left auricle and
pulmonary veins ; c, the conus arteriosus

of the right ventricle ; d, the left ven-

tricle ; e, descending aorta ; + , vestigial

fold of the j)ericardium ; /, arch of the

aorta, with a part of the pericardium

remaining superiorly
; g, main pulmonary

artery and ductus arteriosus ; g', left pul-

monary artery ; 1, 1', right and left in-

ternal jugular veins ; 2, 2', subclavian

veins ; 3, 3', right innominate and superior

vena cava ; 4, left innominate or com-

municating vein ; 5, 5', remains of the

left superior cava and duct of Cuvier, passing at + in the vestigial fold of tlie pericar-

dium, joining the coronary sinus, 6, below, and receiving above the superior intercostal

vein, 7 ; 7', 7', the upper and lower intercostal vein, joining into one.

different extent to which the originally continuous vessels are developed oi'

atrophied at one point or another. The left duct of Cuvier is obliterated, except

at its lower end, which always remains pervious as the coronary sinus. But
even in the adult, traces of this vessel can always be recognised in the
form of a fibrous band, or sometimes a narrow vein, which descends obliquely

over the left auricle ; and in front of the root of the left lung there remains
a small fold of the serous membrane of the pericardium, the vcst-h/ial fold, so

named by Marshall, to whom is due the first full elucidation of the nature
and relations of the left primitive vena cava superior (No. 253).

The left duct of Cuvier has been observed persistent as a small vessel in the

adult. Less frequently a right and a left innominate vein open separately into

the right auricle, an arrangement which is also met with in birds and in certain

mammals, and which results from the vessels of the left side being developed
similarly to those of the right, while the cross branch remains small or absent

(Quain, No. 243).

A case is recorded by Gruber (No. 254) in which the left vena azygos opened
into the coronary sinus, and was met by a small vein descending from the union
of the subclavian and jugular. Here, then, the jugular veins had been developed

in the usual manner, while the left vena azygos continued to pour- its blood into

the duct of Cuvier,

IIL PECULIARITIES OF THE FCETAL ORGANS OF CIRCTJLATIOIT.

It may be useful here to recapitulate shortly the peculiarities of structure

existing in the advanced stage of the formation of the foetal organs of circulation,

with reference to their influence in determining the course of the blood duriag

intra-uterine life, and the changes which occur in them upon the establishment

of pulmonary respiration at birth.

1. The foramen ovale retains the form of a free oval opening in the septum
auricularum up to the fourth month, but in the course of that month and the next
the growth of the valvular ylate or curtain, which fills up the floor of the fossa
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ovalis, becomes complete, so that in the last three and a half months the blood

can only pass from the right into the left auricle, but not in a contrary direction.

2. The Eustachian Valve constitutes a crescentic fold of the lining structui-e

of the heart, which is so situated as to direct the blood entering the auricle by
the inferior cava towards the openiag of the foramen ovale.

Fig. 784.Fig. 784.

—

Diagrammatic outline
OF THE ORGAKS OF CIRCULATION
IN THE FCETUS OF SIX MONTHS.
(A. T.)

RA, right auricle of the heart

;

RV, right ventricle ; LA, left

auricle ; Ev, eustachian valve ;

LV, left ventricle ; L, liver ; K,
left kidney : [ ,

portion of small

intestine ; a, arch of the aorta
;

ft', its dorsal part ; a" , lower end ;

vcs, superior vena cava ; ixi, in-

ferior vena where it joins the right

auricle ; rci', its lower end ; s,

subclavian vessels
; j, right jugular

vein ; c, common carotid arteries ;

four curved dotted arrow lines are

carried through the aortic and pul-

monary opening, and the auriculo-

ventricalar orifices ; da, opposite

to the one passing through the

pulmonary artery, marks the place

of the ductus arteriosus ; a similar

arrow line is sho\vn passing from
the vena cava inferior through the
fossa ovalis of the right auricle,

and the foramen ovale into the left

auricle ; hv, the hepatic veins ;

V2), vena portae ; x to vei, the

ductus venosus ; uv, the umbilical

vein ; iia, umbilical arteries ; uc,

umbilical cord cut short ; i %', iliac

vessels.

3. The ductus arteriosus
establishes a communication
between the main pulmonary
artery and the aorta, by which
the blood from the right ven-
tricle is carried mainly into the
dorsal aorta.

4. Umbilical Vessels.—The
two large hypogastric or um-
iilical arteries, prolonged from
the iliac arteries, passing out
of the body of the foetus, pro-

ceed along the umbilical cord,

to be distributed in the foetal portion of the placenta. From the placenta the
blood is returned by the umbilical vein, which, after entering the abdomen, com-
municates by one branch with the portal vein of the liver, and is continued by
another, named ductus venosus, into one of the hepatic veins, through which it

joins the main stem of the vena cava inferior.

Course of the Blood in the Foetus.—The right auricle of the foetal heart
receives blood from the two venjB cavas and the coronary vein. The blood
brought by the superior cava is simply the venous blood retm-ned from the head
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and upper lialf of the body ; whilst the inferior cava, which is considerably

larger than the superior, conveys not only the blood from the lower half of the

body, but also that which is returned from the placenta and from the liver.

This latter stream of blood reaches the vena cava inferior, partly by a
direct passage—the ductus vcnostis—and partly by the hepatic veins, which bring

to the vena cava inferior all the blood circulatrag through the liver, whether
derived from the supply of placental blood entering that organ by the umbilical

vein, or proceeding from the vena portal or hepatic artery.

The blood of the superior vena cava, passing from the right auricle into the right

ventricle, is thence propelled into the trunk of the pulmonary artery. A small part

of it is distributed through the branches 'of that vessel to the lungs, and
returns by the pulmonary veins to the left auricle ; but, as these vessels remain
compaa-atively undilated up to the time of birth, by far the larger part passes

through the ductus arteriosus into the dorsal aorta, and is thence distributed

in part to the lower half of the body and the viscera, and in part is conveyed

along the umbilical arteries to the placenta. From these several organs it is

returned by the vena cava inferior, the venas portas, and the umbilical vein ;

and, as already noticed, reaches the right auricle through the trunk of the
inferior cava.

Of the blood entering the heart by the inferior vena cava, only a small part is

mingled with that of the superior cava, so as to pass into the right ventricle ;

by far the larger portion, directed by the Eustachian valve through the foramen
ovale, flows into the left auricle, and thence, together with the small quantity

of blood returned from the lungs by the pulmonary veins, passes into the lefb

ventricle, from whence it is sent into the arch of the aorta, to be distributed

almost entirely to the head and upper limbs.

Sabatier was the first to call attention particularly to the action of the Eusta-

chian valve in separating the cuiTcnts of blood entering the right auricle by the
superior and inferior vense cavte (No. 236). This separation, as well as thaij

occurring between the currents passing through the aortic arch and the ductus

arteriosus into the descending aorta, was illustrated experimentally by John
Eeid (No. 241). A striking confirmation of the extent to which the last men-
tioned division of the two currents of the foetal blood may take place, without
disturbance of the circulation up to the time of birth, is afforded by the
examples of malformation in which a complete obliteration has existed in the.

aortic trunk immediately before the place of the union of the ductus arteriosus

with the posterior part of the aortic arch.

CHANGES IN THE CIRCULATION AT BIRTH.

The changes which occur in the organs of circulation and respiration at birth,

and which lead to the establishment of their permanent condition, are more imme-
diately determined by the inflation of the lungs with air iathe first respiration , the ac-
companying rapid dilatation of the pulmonary blood-vessels with a greater quantity
of blood, and the interruption to the passage of blood through the placental

circulation. These changes are speedily followed by shrinking and oblitera-

tion of the ductus arteriosus, in the space between the division of the right and
left pulmonary arteries and its junction with the aorta, and of the umbilical
arteries from the hypogastric trunk to the place of their issue from the body by
the umbilical cord ; by the cessation of the passage of blood through the foramen
ovale, and somewhat later by the closure of that foramen, and by the obliteration

of the umbilical veia as far as its entrance into the liver, and of the ductus veno-
sus within that organ.

The process of obliteration of the arteries appears to depend at first mainly on
the contraction of then: coats, but this is very soon followed by a considerable

thickening of their substance, reducing rapidly their internal passage to a
narrow tube, and leading in a short time to final closure, even although the vessel

may not present externally any considerable diminution of its diameter. It com-
mences at birth, and is perceptible after a few respirations have occuiTed. It

makes rapid progress in the first and second days, and by the third or fourth
day the passage through the umbilical arteries is usually completely interrupted.
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The ductus arteriosus is rarely found open after the eighth or tenth day, and by
three weeks it has in almost all instances become completely impervious.

The process of closure in the veins is slower, there not being- the same thicken-

ing- or contraction of their coats ; but they remain empty of blood and collapsed,

and by the sixth or seventh day are generally closed.

Although blood ceases at once to pass through the foramen ovale from the

moment of birth, or as soon as the left auricle becomes filled with the blood

returning from the lungs, and the pressure within the two auricles is equalised,

yet the actual closure of the foramen is more tardy than any of the other ch^-uges

now referred to. It is gradually effected by the union of the forepart of the

valvular fold forming the floor of the fossa ovalis with the margin of the annulus
on the left side ; but the crescentic margin is generally perceptible in the left

auricle as a free border beyond the place of union, and not unfrequently the
union remains incomplete, so that a jn'obe may be passed through the reduced
aperture. In many cases a wider aperture remains for more or less of the first

year of infancy, and in certain instances there is such a failure of the union of
the valve as to allow of the continued passage of venous blood, especially when
the circulation is disturbed by over-exertion, from the right to the left aui'iclo,

as occurs in the malformation attending the morbus coeruleus.

LYMPHATIC SYSTEM.

Closely connected with the blood-vascular system, and also arising

from the mesoblast, are the less conspicuous and sometimes rather

indefinite components of the lymphatic system, consisting of the lym-
phatic vessels, glands, and the lymph spaces, the histological develop-

ment of which has been refen-ed to in the first part of this volume (p, 208).
Like the bloodvessels, the lymphatic vessels are intimately associated

with the connecti-s'e tissue, and they take their origin in a somewhat
similar manner in spaces which are formed in the primitive blastema.

It is also an interesting fact that these vessels are in frequent communi-
cation with the intermesoblastic space or pleuro-peritoneal cavity.

All the lymphatic vessels are at first similar to capiUary bloodvessels,

being lined only by flat epithelium ; and many of them, though of some
size, do not pass beyond this stage, while others acquire fibrous, contrac-

tile, and adventitious coats in a manner exactly the same as do the

arteries or veins.

The lymphatic glands consist at first of networks of lymphatic vessels

and spaces having numerous lymph cells produced within them ; but
later they have added to them connective tissue elements and blood-

vessels in considerable quantity.

The Spleen.—There is perhaps none of the organs which have been
ranked as vascular glands which so well deserves the name as the spleen,

for it appears to be closely associated with both the lymphatic and the
blood-vascular systems. It is not formed at a very early stage of develop-

ment, but begins to appear in the human embryo in the latter half of the
second month. It is developed in the substance of the mesogastrium, and
is at first in close connection with the pancreas, but without any hypoblastic

evolution, and proceeding entirely from mesoblast, apparently from the
same mass as that in which the pancreas takes its origin (W. Miiller,

No. 256). Its progress is not rapid : it acquires vessels and trabe-

cular fibres in the third month, and there is a large increase of the cells

of the pulp ; but the Malpighian corpuscles are only formed later, and
are not distinctly seen till near the end of foetal life. For the develop-
ment of the Thyroid and Thymus Grlands see p. 889.
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IV. DEVELOPMENT OF THE ALIMENTAEY CANAL AND ASSOCIATED
ORGANS.

The parts of the bodj of Avhich the development has been previously
described all take their origin from either or both of the uj)per

and middle layers of the blastoderm. Those which are now to be con-
sidered proceed, in the first instance, from the inflections and growth of
the hypoblast or lower layer, with which, however, there are combined,
in ahnost all of the organs, elements which are derived from the visceral

layer of the mesoblast. These organs consist of the alimentary canal,

with its integral and accessory glands, such as the liver and pancreas,

the respiratory organs, the larynx, trachea, and lungs, the serous cover-
ings of pleura and peritoneum, &c.
Primary Development.—Mesenteron.—The principal part of the

alimentary canal is formed at first by a simple inflection of the hypo-
blast, and its wall then consists of no more than the epithelial cells

derived from that layer of the blastoderm. In the most of its extent,

however, this epithelial wall has acquired considerable thiclmess as com-
pared with the part of the hypoblast external to the body of the embryo.
The primary digestive cavity of birds and mammals, as it extends

from one end of the embryo to the other below the vertebral axis, and

Fig. 785.

Fig. 785.

—

Enlarged diagrajimatio outline op a longitudinal vertical section of
THE chick and NEIGHBOURING PARTS OP THE BLASTODERJI ON THE FOURTH DAT. (A. T.

)

ep, epiblast, and sin, somatic mesoblast, together forming the somatic plate ; 7iy, hypo-
blast, and van, visceral mesoblast, together forming the visceral plate ; of, cephalic fold ;

pf, caudal fold of the amnion ; avi, cavity of the true amnion
; ys, yolk-sack,

leading by the vitello-intestinal aperture to i, the intestine ; s, the stomach and
pharynx ; a, the future anus still closed ; in, the buccal cavity or mouth formed in

epiblast and still closed from the pharynx at the fauces, which are not shown ; me, the

mesentery ; al, the allantoid vesicle communicating by its pedicle with the hinder intes-

tine
; pp, the space between the outer and inner folds of the amnion, which is an exten-

sion of the body cavitj' or jileuro-peritoneal space within the embryo between the somatic

and visceral mesobllists. The shaded pai-t of the figure represents the head and trunk of

the embryo in which the eye and the jaws with the branchial bars and clefts are indicated.

The epiblast and hypoblast are drawn with entire lines, the somatic mesoblast with an in-

terrupted and the visceral mesoblast with a dotted line.

not including the buccal and anal portions derived fi'om epiblastic invo-

lution, presents at first a manifest di^asion into three parts. One of

these, occupying the part of the embryo which is enclosed by the cej^halic
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fold, and which may be named the foregut, comprises the rudiments of

the pharynx and gullet, the stomach and duodenum. The posterior

division, which is comparatively short, occupies the caudal fold of the

embryo, and corresponds mainly to the parts in the neighbourhood of the

futm-e anus, with a prolongation of the gut, Avhich may be called post-

Fig. 786.

—

The same embryo as in fig. 667 kemoved
FROM THE MEMBRANES, 3I0RE HIGHLY MAGNIFIED

AND SEEN FROM BELOW. (From Kolliker after

Coste.

)

a, allantois already forming an nm'bilical pedicle ; u,

Tiraclius or stalk ; i, liinder gnt ; v, amnion ; o, yolk-

sac
; g, primitive aortas lying under tbe vertebral

column, separated by the wliite line ; x, wide opening

of the intestine into the yolk-sac ; h, place where the

umbilical and omphalo-mesenteric veins meet and pass

into the heart
; _p, pericardial cavity ; c, heart ; h,

aorta ; t, frontal process.

anal or sub-caudal. Both of these parts have

from the first a tubular form, and are closed

respectively by the inflection of the whole

blastodermic layers at the anterior and pos-

terior extremities of the body. The middle

division, or that in which the gTeater part

of the small and large intestines will after-

wards be formed, has primarily the form of a

long and wide gToove, lying close below the

vertebral bodies, and leading at its opposite

ends into the cephalic and caudal portions of

the gut ; it is freely open throughout on its

ventral aspect into the cavity of the yolk-

sac, with the blastodermic walls of which,

as formerly described, the constituents of the intestinal walls are directly

continuous.

Foregut.—As development proceeds in the forepart of the alimentary

canal, a change in its form manifests itself, by which one part, becoming-

dilated, forms the commencement of the stomach, while the others

remain of smaUer diameter as gnillet and duodenum ; and in connec-

tion with different parts of these the rudiments of the lungs, liver, and
pancreas are first formed.

When the tubular parts of the gut have attained to some length, a

change of position gradually accompanies their farther development.

While the oesophageal jjart remains comparatively straight, the dilated

portion of the tube which forms the stomach turns over on its right side,

so that the border which is connected to the vertebral column by the

mesenteric fold (or true mesogastrium) comes to be turned to the left

—

the position of the tube being still vertical, like the stomach of some
animals. By degrees it becomes more dilated, chiefly on what is noAV

the left border but subsequently becomes the great curvature, and assumes

more of the oblique position of the adult, carrying with it the meso-

gastrium, from which the gTeat omentum is afterwards produced. A
slight indication of the pylorus is seen at the third month. Upon the

surface of the part of the canal which iimnediately succeeds the stomach,

and which forms the duodenum, the rudiments of the liver, pancreas,



880 DEYELOPMEXT OF THE ALIMEXTAEY CAXAL.

and sjoleen are simnlfcaneously deposited, in the manner stated in the
dcscrijDtion of the development of these organs.

Midgut.—Previously to the occm-rence of the changes in the fore-

giit mentioned above, the middle open part shortens, more and more
©f it being converted into the tubular intestine, and at last, as before

Fig. 787. Fig. 787.

—

Human embrto op thirty-five
DAYS SEEN FROM BEFORE. (From KoUiker after

Coste.)

3, left external nasal process ; 4, suiDerior

maxillary process ; 5, lower maxillary process
;

s, tongue ; b, aortic bulb ; b', third aortic arch
or carotid stem ; b", fourth or main aortic

arch ; b'", fifth arch or ductus Botalli ; c,

the superior cava and right azygos vein ; c',

the common venous sinus of the heart ; c", the
common stem of the left vena cava and left

azygos ; o', left auricle of the heart ; v, right
;

v', left ventricle ; a e, lungs ; e, stomach
; j, left

omphalo-mesenteric vein ; s, continuation of the
same behind the pylorus, which becomes after-

wards the vena ports ; x, vitello-intestinal duct

;

a, right omphalo-mesenteric artery ; m, Wolffian

body ; i, rectum ; n, umbilical artery ; u,

umbilical vein ; 8, tail ; 9, anterior ; 9', posterior

limb. The liver has been removed.

explained, there remains only the narrow
opening by which the gradually lengthen-

ing ductus viteUo-intestinalis leads into

the umbilical vesicle. The middle part

of the intestinal canal has, when first

produced, more or less the form of a

straight tube lying close to the vertebral

column ; but, as soon as it increases in

length, it is thrown into the shape of a

loop bent downwards to the umbilicus

—a change which is preceded and ac-

companied by the formation of the

mesentery. The latter structure is

undoubtedly entirely due to a prolifera-
^ '"'

tion and median union of mesoblastic

elements, which, extending themselves between the mesoblast sur-

rounding the notochord and the elongating gut, become developed

into the vascular and other parts of the mesentery, as was long ago

shown by Von Baer. The mesentery thus forms a mesial partition

extending between the gut and the dorsal wall of the embiyo, at first

quite simple, but afterwa'rds elongating, and becoming more complicated

in proportion to the development of the intestinal tube. The mesoblast

also, by its visceral division, furnishes the contractile, vascular, and con-

nective tissue elements of the intestinal walls. The extent to which the

glandular elements of the alimentary canal are supplied by the hypoblast,

to which their origin was entirely attributed by Eemak, or furnished

rather by mesoblast from the protovertebral mass, as held by Schenk, is

not yet fully determined.

The place of transition from the small to the large intestine, which
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is soon indicated by the protrusion of the c^cum, is at a point jusfc

behind the apex or middle of the simple loop ah'eady mentioned as

existing after the first elongation of the tubular gut. As the small

intestine grows, the part behind the duodenum forms coils, some of which

at first he in a dilatation of the coimnencing umbilical cord (see fig. 789),

but retire again into the abdomen about the twelfth week ; afterwards,

as it continues to elongate, its convolutions become more and more

numerous.

The large intestine is at first less in calibre than the small. In the

Fig. 788.—Early forji

OF THE ALIIIENTARY

CANAEi (from Kijlliker

after Bisclioff).

In A a front vie^r, and

in B an antero-posterior

section are represented.

In A, a, four pharyngeal

or visceral plates ; b, the

pharynx ; c, c, the com-

mencing lungs ; d, the

stomach
; /, /, the di-

verticula connected with

the formation of the liver
;

g, the yolk-sac into which

the middle intestinal

groove opens ; h, the

posterior part of the in-

testine. In B, a, the

commencing lungs ; b, the

stomach ; c, the liver ; d,

the volk-sac.

Fig. 788.

early embryo there is at first no cfficum ; but this part of the bowel
gradually grows out from the rest, forming at first a tulje of uniform
calibre, Avithout any appearance of the vermiform appendix : subsequently

the terminal part of the diverticulum ceases to grow in the same pro-

portion as the rest, and narrows into the appendix, whilst the proximal
part attains its fall development. The caecum first appears as a protrusion

a little below the apex of the bend in the jjrimitive intestinal canal, and,

together with the commencing colon, and the coils of small intestine,

is lodged for a time in the wide part of the umbilical cord already

mentioned as being next the body of the embryo. The ileo-csecal valve

appears at the commencement of the third month. When the coils of

intestine and the c^cum have retired from the umbilicus into the abdomen,
the colon is at first entirely to the left of the convolutions of the small

intestines, but subsequently the first part of the large intestine, together

with the mesocolon, crosses over the upper part of the small intestine, at

the junction of the duodenum and jejunum. The cEecum and transverse

colon are then found in the middle of the abdomen just below the liver
;

some time later the csecum descends to the right iliac iossa, and the parts

are nearly in the same position as in the adult.

At first, villous processes or folds of various lengths are formed
throughout the whole canal. After a time these disappear in the stomach
and large intestine, but remain persistent in the intermediate portions of

the tube. According to Meckel, the villous processes are formed from
VOL. IT.

•

3 L
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larger folds, which hecome serrated at the edge, and are thus divided into

sejjarate villi.

Hindgut.—The formation of the hinder part of the gut is compli-

cated with the development of the allantois, which arises as a projection

or out-growth of the mesoblast and hypoblast from the lower wall of

its terminal portion, and which is therefore in connection internally

with the hypoblastic lining of the cloaca.

Fig. 789. Fig. 789. — Sketch op the HniAisr

EMBRYO OF THE TENTH WEEK, SHOW-
ING THE COIL OP INTESTINE IN THE
UMBILICAL CORD. (A. T. )

T'lie amnion and villous cliorion have
been opened and the embryo drawn aside

from tiiem ; t, the umbilical vesicle or

yolk-sac placed between the amnion and
chorion, and connected with the coil of

intestine, /, by a small or almost linear

tube ; the figure at the side represents .

the first part of the umbilical cord

magnified ; i, coil of intestine ; vi^

vitello-intestinal duct, alongside of which
are seen omphalo-mesenteric blood-ves-

sels.

Mesejiiery, PerUoneimi and Diapliragm.—In the region of the pharynx
and gullet the undivided mesoblast furnishes the outer coat of the

alimentary canal, but in the stomach, and all the remainder of the

gut, except at the anus, the separation of the two layers of meso-
blast has taken place, and the visceral mesoblast furnishes the outer

wall, together with the serous covering. In the thorax the right

and left cavities remain distinct as the two pleurae, while a portion

still further forward is separated for the formation of the peri-

cardium, and thus the gullet, as well as the lungs, is brought into

relation with the pleuras, and receives partial covering from them. The
formation of the diaphragm, which does not at first exist, and which
constitutes in mammals, a partition between the thorax and abdomen^
leads to the ultimate separation of the peritoneum from the plem'se.

KoUiker conjectures that the diaphragm may be formed by the advance
of two halves ft"om the dorsal and lateral regions, but the mode of origin

of this partition is not yet sufficiently known (see Cadiat., ISTo. 271), (His,

No. 132, i. and ii.). Some examples of diaphragmatic hernia may be con-

sidered as arising fr'om the persistence of the original connection between
the two cavities. In the abdomen, also, the right and left peritoneal

cavities are at first distinct, but when the intestine assumes a tubular form,

these cavities are thrown into one across the middle plane of the body.

The peritoneum, like the rest of the lining of the body-cavity, is

developed locally by superficial delamination from the mesoblast, and not

from any special layer of formative tissue. The stomach is originally

placed longitudinally in the abdomen, that part of it Avhich afterwards

forms the great curvature being situated dorsally and being attached by
the simple mesogastrium. Very soon, a change of place occurs by which

the pyloric part of the stomach and the duodenum pass to the riglit side,

the left side of the primitive stomach thus coming to look ventrally

and the right side dorsally. About the same time the mesogastrium is

rapidly expanded and doubled upon itself so as to enclose a cavity.

1
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while a fold of peritoneum conuected with the liver, and arising from the

ventral border of the stomach -which has now become the lesser curvatm-e,

contracts round the entrance to the great omental cavity (behind the

stomach and within the omentum) so as to form the gastrohepatic omentum
and the foramen of AYinslow (as first shown by Joh. Miiller in 1830).

The dorsal fold of the great omentum has not at first any connection with
the transverse colon or its mesocolon, and there can be no doubt that it

is only at a later period that it comes to be so closely united with them
as to have given rise to the view, quite inconsistent with the history of its

development now stated, that the trans^^-erse colon is enclosed between the

two posterior layers of the omentum.
The occurrence of umbilical hernia in its various degrees may be

referrecl to the persistence of one or other of the foetal conditions in

which a greater or less portion of the intestinal canal is contained in the

Fi?. 790.

Fig. 790.- -OtJTLINE of the form and POSITIO?! op the ALIIIENTAKT CANAL IN

SUCCESSIVE STAGES OP ITS DEVELOPMENT.

A, alimentary canal, &c. , in an embryo of five weeks ; B, at eight weeks ; C, at ten

-weeks ; D, at twelve weeks ; I, the primitive lungs connected with the pharyns ; s, the

stomach ; d, clnodeniim ; i, the small intestine ; i', the large ; c, the csecum and vermi-

form appendage ; r, the rectum ; cl, in A, the cloaca ; a, in B, the anus distinct from

si, the sinus uro-genitalis ; v, the yolk-sac : ri, the vitello-intestinal duct ; u, the

urinary bladder and urachus leading to the allantois ; g, the genital ducts. In B, and

C, the thickness of the colon is erroneously represented as greater than that of the

ileum, and in C and D the cacum as too far down and to the right.

umbilical cord ; and it has been shown that the most common form of

abnormal diverticula from the small intestine is connected with the

original opening of the ductus vitello-intestinahs into the ileum.

Stomodceum.—The mouth, as elsewhere explained, is at first no part of

the primitive alimentary canal, but is formed by involution of parts of the

face, and receives, therefore, its lining membrane from epiblast. In this

stage it has received the name of stomodceum. It is at first quite separated

from the pharynx, which is the foremost part of the primitive alimentary

canal, by the reflection of the layers of the blastoderm ; and the com-
3 L 2
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miinication which is later established between the month and pharynx at

the posterior arch of the fauces is due to a solution of continuity in these

layers, wdiich occurs in the chick at the end of the fourth day of incuba-

tion, and has been observed at a corresponding period of development in

several mammals. The aperture has at first the form of a vertical slit,

which widens later as it becomes the opening from the pharynx into the

common cavity of the nose and mouth. The diverticulum of the pituitary

gland occupies the place which becomes the top of the permanent
pharynx, but is formed in connection with the epiblastic or buccal, and
not the hypoblastic or pharyngeal di-sdsion of the alimentary passage

(seefig. 705, AandB,/).
Prododmiin.-—To the anal invagination of the epiblast, in so far as it

is separate from the primitive hypoblastic part of the hind gut, the name
of prododmimi has been given.

In mammals there is very little anal invagination of the epiblast ; in.

Fig. 791,
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Fig. 791.

—

Diagrammatic longitudinal section of the hinder part of an embryo
CHICK AT the time OP THE FORMATION OF THE ALLANTOIS (frOm Balfour).

ep, epiblast; Sp.c, sjjinal canal; ch, notocliord ; n.e, neurenteric canal; liy, liypo-

blast
; Tp.a.g, postanal gut

;
pr, remains of primitive streak folded in on the ventral

side ; al, allantois ; me, mesoblast ; an, place of future anus
;
pc, perivisceral cavity

;

am, amnion; so, body-wall ; sp,' visceral wall.

birds it is more extended from the development of the lursa FabrirM
in connection with it, and the opening of the gut into the anus

occurs at a comparatively late period, or not till the fifteenth day
(KoUiker). In the rabbit the opening takes place on the eleventh or

twelfth day. The subcaudal or postanal portion of the gut shrinks and
disappears even before the opening takes place. The terminal portion of

the gut remains behind the aUantoid pedicle, and the whole of the tissues

which close it thinning rapidly away, perforation takes place so as to form
the primitive anal, or rather the cloacal opening. The separation of

the permanent anus from the urogenital orifice, which occurs in all

maimnals excepting the monotremata, is the result of a later process of

development, to be referred to in the next section. (Gasser, No. 272.)

THE LIVER AND PANCREAS.

The Liver.—The liver is one of the earliest formed abdominal

organs. It consists at first, according to most observers, of a bifid

mass of cells in connection with the lower surface of the duodenal portion
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of the alimentary canal. A hollow cavity soon appears within the mass,

which is the commencement of the main excretory duct (ductus

choledochus communis). This cavity is hned by hypolblastic epi-

thelium ; and, according to the commonly received view, is produced

as a diverticulum of the hypoblast of the intestine. Through the

liver mass, but at first unconnected with its substance, there passes the

main stem of the veins from the umbilical vesicle and allantois (um-
bilical vein or meatus venosus).

In the rudimentary mass composing the liver there are soon observed

a number of solid cylinders of formative cells which branch out from
the hypoblast into the mesolilast, and with this peculiarity belonging to

the structure of the liver as compared with other glands, that, as these

unite together by their ends and also laterally, they come at last to form

a network of solid cords with which the hypoblastic diverticula are con-

nected. In the meantime blood-vessels are developed in the mesoblast

lying between the cylinders, Avhich vessels become united as branches

with the umbilical vein passing through the liver. Hollow processes

also extend themselves from the hypoblastic diverticula and stretch into

the solid cylinders of the hepatic parenchyma ; but the greater part of

this remains sohd for a time, consisting of reticulated strings of cells

between which there is nothing but blood-vessels.

According to Foster and Balfour, following Eemak and the earlier

observers, the cellular elements of the gland are stated to derive their

origin ft'om the hypoblast, and the mesoblast is mainly converted into

blood-vessels and the fibrous tissue of the ducts.

The gall-bladder is formed by extension from the wall of the main duct.

The blood-vessels formed in the liver become branches of the main
vein Avhich passes tln^ough the cellular mass. These are distinguishable

as an anterior and posterior set, the ai-rangement of which is such that

the blood flows fr'om stem to branches in the anterior, and from branches

to stem in the posterior. Thus the distinction is established between
portal and hepatic veins (see the Development of the Veins).

The solid cylinders ofthe blastema represent the hepatic lobular tissue,

where the ducts are reticulated ; the hoUow processes the larger hepatic

ducts, which do not communicate with one another. The origin of the

finest ducts is not known ;
perhaps each cellular cylinder may be looked

upon as a collection of hepatic cells, in the centre of which is the

minute duct, according to the view now taken of the structure of the

adult liver (Foster and Balfour).

The gall-bladder is at first tubular, and then assumes a pyriform shape.

It first appears in the second month. The alveoli in its interior appear
about the sixth month. At the seventh month it first contains bile. In
the foetus its direction is more horizontal than in the adult.

The following are the principal peculiarities in the liver of the human
foetus :

—

Size.—At the sixth or seventh week, the liver is so large that it is said to con-.

stitute one-half of the weight of the whole body. This proportion gradually

decreases as development advances, until at the full period the relative weight
of the foetal liver to that of the body is as 1 to 18.

In early foetal life, the right and left lobes of the liver are of nearly equal
size. Later, the right preponderates, but not to such an extent as after birth.

Immediately before birth the relative weight of the left lobe to the right is nearly

as 1 to I'G.

Position.—In consequence of the nearly equal size of the two lobes, the posi-
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tion of the foetal liver in the abdomen is more symmetrical than in the adult. In
the very young foetus it extends over nearly the whole of the abdominal cavity ;

at the full period it still descends an inch and a half below the margin of the
thorax, overlaps the spleen on the left side, and reaches nearly down to the
crest of the ilium on the right.

Form, Colour, S,-c.—The foetal liver is considerably thicker in proportion from
above downwards than that of the adult. It is generally of a darker hue. Its

consistence and specific gravity are both less than in the adult.

During foetal life, the umbilical vein runs from the umbilicus along the free
margm of the suspensory ligament towards the anterior border and under surface
of the liver, beneath which it is lodged in the umbilical fissure, aud proceeds as
far as the transverse fissure. Here it divides into two branches ; one of these, the
ductus venosus, continues onward in the same direction, and joins the vena cava.

Fm. 792. Fig. 792. — Early con-

dition OP THE LIVER
IN THE CHICK ON THE
THIKD DAT OP INCU-

BATION (from J. Miil-

ler). Y-

1, the lieart as a sim-

]ile curved tube ; 2, 2,

the intestinal tube ; 3,

conical protrusion of the

coat of the commencing
intestine, on which the

blastema of the liver (4)

is formed ; 5, portion of

the layers of the germinal

membrane, passing into

the yolk-sac.

The other, which is the larger branch (the trunk of the umbilical vein), turns to

the right along the transverse or portal fissui-e. and ends in the vena portaa,

which, proceeding from the veins of the digestive organs, is in the foetus com-
paratively of small dimensions. The umbilical vein, as it lies in the umbilical

fissure, and before it joins the vena portte, gives off large lateral branches, which
pass directly into the right and left lobes of the liver. It also sends a few smaller

branches to the square lobe and to the lobe of Spigelius.

After birth the umbilical vein becomes obliterated from the umbilicus up to

the point of its giving ofE branches to the liver. The ductus venosus is also

obliterated, but the veins which were given as branches from the umbilical vein
1.0 the liver remain in communication with and appear as branches of the left

division of the portal vein.

The Pancreas.—This organ takes its origin in a mass of mesoblastic

tissue, whicli thickens the wall of the duodenum close to the place where
the rudiment of the liver is first seen, but placed more to the left side.

This mass may be seen on the fourth day in the chick. There is, how-
ever, also a diverticulum from the primary wall of the intestine or

hypoblast. Some doubt prevails, as in regard to the liver, with respect

to the exact share of the hypoblastic and mesoblastic elements in the

formation of the glandular cells. The main duct and its branches

undoubtedly owe their origin to diverticula proceeding from the intestinal

hypoblast, and the epithehal lining of the ducts is certainly derived

from that source. By those who, adopting the most probable vicAv, con-

sider that the glandular cells also arise from the hypoblast, solid pro-

cesses of that layer are described as stretchmg into the mass of mesoblast.

Into these the diverticular cavities subsequently extend in more than one
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main cliYision. The blood-vessels and the connective tissue of the gland
are undoubtedly due to the mesoblastic elements, and these are very soon,

combined with the parts proceeding from hypoblast.

Fig. 793. HsDEll SURFACE OF THE
FCETAL LIVEIl, WITH ITS GREAT
BLOOD - A'ESSELS, AT THE FULL
PERIOD.

a, the umbilical vein, lying in

tlie umbilical fissure, and turning

to tbe rigbt side, at the trans

-

Terse fissure (o), to join the vena-

portiB (jp): the branch marked d,

named the ductus venosus, con-

tinues straight on to join the vena
cava inferior (c): some branches of

the umbilical vein pass from a into

the substance of the liver;
ff,

the

gall-bladder.

The development of the spleen is described along with that of the

lymphatic system at p. 877.

THE LUNGS, TRACHEA, AND LARYNX, &o.

The very first appearance of the pulmonary organs in birds and mam-
mals consists of a single median diverticulum from the ventral wall of
the oesophagus immediately behind the fomth visceral cleft. The lower

extremity of this protrusion soon becomes dilated towards the two sides,

while its root communicating Avith the gullet remains single. These
]3rimitive protrusions or tubercles are visible in the chick on the third

day of incubation, and in the embryoes of mammalia and of man at a

corresponding stage of advancement. Their internal cavities communi-
cate with the oesophagus, and are lined by a prolongation of the hypo-

blast.

The diverticulam of hypoblast is surrounded by a mass of mesoblastic

Fig. 794.

—

Sketch illustrating the deve-

lopment OP THil respiratory ORGANS
(from Rathke).

A, oesophagus of a chick, on the fourth

day of in.-'.ubation, with the rudimentary

lung of the left side, seen laterally; 1, the

front, and 2, the back of the oesophagus;

3, rudimentary lung protruding from that

tube : 4, stomach. B, the same seen in

fx^ont, so as to show both lungs. C, tongue

iind respiratory organs of embryo of the

horse ; 1, tongue ; 2, larynx ; 3, trachea
;

4, lungs seen from behind.

cells, so that the pulmonary parenchyma, like that of the glands, owes
its origin to both hypoblastic and mesoblastic elements. The substance
of the mesoblast, thickening round the prim.ary diverticula, becomes
penetrated by secondary diverticula formed from the hypoblastic pro-
cesses; these are succeeded by tertiary branches which develop the
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bronchia, and ultimate!}'' have the air-cells formed as their terminations.

The formative process consists essentially in the budding of hypoblastic

Fig. 795.

sp.c.

Fig. 795. — Sectioit
THROUGH AN ADTAKCED
EMBRYO OF A RABBIT
TO SHOW THE RELA-
TIONS OF THE PERI-

CARDIAL AND PLEURAL
CAVITIES (from Balfour).

ht, heart ; 'po, ijeri-

cardial cavity ; 'pl.'p,

pleural cavity ; Ig, lung
;

al, alimeiitary tract ; ao,

dorsal aorta ; ch, noto-

chord ; rj), rib ; st,

sternum ; S]}.c, spiual

cord.

into mesoblastic sub-

stance ; the hypoblast

furnishing the lining

epithelium of the

tubes, and the meso-
blast the other tis-

sues, such as muscu-
lar fibres, cartilage,

blood-vessels, elastic

tissue, <tc.

The division into larger lobes externally, three in the right and two in

the left lung, may be seen at a very early period in the human foetus. As
the bronchial subdivision extends witliin the lungs, a tubercular or

coarsely granular ap]Dearance is seen over the outer surface, as observed

by KoUiker in the human foetus in the latter half of the second month.
This is produced by the primitive air-cells placed at the extremities of

ramified tubes, which occupy the whole of the interior of the organ : the

ramification of the bronchial twigs and multiplication of air-cells go on
increasing, and this to such an extent that the air-cells in the fifth month
are only half the size of those which are found in the fourth month.

In birds the principal air-sacs, three in number, are formed in direct

connection with the lung in the course of its early development, and the

rudiments of these sacs may be seen at an early period, as iDulging con-

stituent parts of the rudimentary lungs.

Pleurae.—Each lung receives a covering externally from the fining

membrane of the conmion j)leuro-peritoneal cavity of its own side. This

is at fii'st only on the outer side ; but, as the lungs enlarge, a fissure

separates their solid substance from the outer wall of the oesophagus, and
the pleura is carried round the lung-mass so as to encircle the gradually

narrowing root of each lung. The two ijleura3 remain separated by the

mediastinum and' heart, round which they have extended.

Fulmonary Vessels—The blood-vessels of the lungs, which arise in

the mesoblastic tissue, seem to be of comparatively late formation, pene-

trating into the pulmonary tissue only on the twelfth day in the chick.

In mammals the blood-vessels are formed in the same manner in the pul-

monary mesoblast. In birds, as before mentioned, the pulmonary arteries

proceed one from each of the fifth arterial aortic arches, but in mam-
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mals both, right and left pulmonary arteries are connected with the fifth

arch of the left side. The manner in which they become connected with

the vessels formed in the lung-substance, and in which a union is estab-

lished between the pulmonary veins and the left auricle, has not yet

been ascertained.

Thyroid Body.—This seems to be the proper place at which a refer-

ence may be made to the two organs of doubtful nature—viz., the thyroid

and thymus bodies—which liave generally been ranked with the vascular

glands, but Avhich from their development appear to have also some close

connection with the anterior ]3art of the alimentary canal.

The thyroid gland takes its origin both in birds and mammals (SV.

Muller (Mo. 2G3), Kolliker (Xo. 28, i., p. 8G9), by a diverticulum from the

ventral wall of the pharynx o^jposite to the place where the aortic bulb

divides into the anterior visceral arches, and it is conjectured that it may
be homologous with the endostyle or ventral diverticulum of the pharynx
in the lampreys. It consists at first of a mass of hypoblast which in birds

is hollow, but in mammals is solid ; and in both classes large glandular

cells are soon developed, which Kolliker represents in the rabbit as taking

the form of reticulated cellular cords. The hypoblastic part soon acquires

mesoblastic elements, in which blood-vessels and fibrous tissue are rapidly

developed, and the thyroid body becomes highly vascular.

In birds the primary diverticular mass loses its connection with the

l^harynx at an early period, divides into two separate parts, and is carried

back in the neck along with the elongation of that part, so as to form
two very distinct compact spheroidal bodies situated near the division

of the trachea.

In mammals the thyroid mass becomes somewhat bilobed, the larger

lateral parts remaining united by the isthmus across the trachea.

In man the first origin of the thyroid body has not yet been observed.

In the second and third months the glandular cords and foUicular

cavities begin to appear, and these go on increasing rapidly in the

following months.
The Thymus Gland.—According to KoUiker's observations in the

rabbit, this body is originally of epithelial nature, and arises as a diver-

ticulmn from an anterior pair of the visceral clefts, forming a small

longish thick-walled triangular sacculus with two hollow tubular cornua.

It soon divides into lobes, and in these gland-cells make their ap-

pearance, blood-vessels and other tissues being added from mesoblastic

sources.

The view taken by Kolliker as to the origin of the thymus has been
confirmed by the observations of Stieda in the pig and sheep, in which
he found the thymus to arise as a paired outgrowth from the remnants
of two visceral clefts ; and he and Wolfler attribute a similar mode of

origin to the thyroid body. (273 and 274.)

V. DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS.

1. GENERAL VIEW.

The development of the permanent urinary and generative organs has
long been known to be intimately associated with that of the embryonic
glandular organs named the primordial kidneys, or after their discoverer,

C. F. WolfP, the Wolffian Bodies. This association was first ascertained
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by H. Rathke, Oken, and Job. Miiller more than fifty years ago, and the

fuller knowledge of its nature has been illustrated by numerous embry-
ologists in inyestigations of more recent date (Bornhaupt, Kobelt,

Kolliker, Waldeyer, Semper, Balfour and others).

Wolffian Bodies and Segmental Organs.—According to the two

Fig. 790. Fig. 796.—DiAGRAiniATic outline
OF THE -WOLFFIA:^ BODIES IN

THEIR IlEIiATIONS TO THE
RUDIMENTS OF THE REPP.ODUC-

TIVEOKGANS. (A. T.

)

ot, seat of origin of the ovaries

or testes ; W, Wolffian bodies

;

•zt'.2(',Woli!ianducts; «»/;, Miillerian

ducts
;
gc, genital cord ; ug, sinus

urogenitalis ; i, intestine ; cl,

cloaca.

last named observers, the

"Wolffian bodies are the rep-

resentatives in a certain

stage of their development
of a set of tubular glands or

excretory organs existing in

all vertebrates and in a cer-

tain number of invertebrate

animals, especially annelida,

to which the general name
of segmental organs may be given, ii'om their relations to the metameric
somites of the body.

It was first shown by Eathke in 182G that the "Wolffian bodies of

all vertebrates consist of glandular tubes with which are combined
vascidar glomeruli of the same general nature as those of the adult

kidney ; and recent researches have further shown that an essential

structural character of the bodies in question, in the great majority of

animals in which they are found, is the existence at an early stage of

development of an opening on the one hand of a certain number of

their tubes into the body cavity of the embryo, and on the other, of one
or more of their main ducts into the cloaca or hinder part of the ali-

mentary canal.

In the amniota, that is in reptiles, birds and mammals, while the

greater part of the segmental organs known as the Wolffian bodies

l^ecomes atrophied and disappears in early foetal life, a further develop-

ment of organs of a similar structure gives rise to the permanent
kidneys, and parts of the embryonic segmental organs with their ducts

contribute to the formation of the adult male and female generative

organs.

Distinction of Pronephros, Mesonephros, and Metanephros.—
The simultaneous researches of Semper and Balfour in elasmobranch
fishes have led them to distinguish three typical or fundamental parts of

the segmental organs, all of Avhich agree more or less, 1st, in their cha-

racteristic renal or combined tubular and glomerular structure, and 2nd,

in their opening on the one hand anteriorly and internally into the

abdominal cavity, and on the other posteriorly into the cloaca.

These bodies may be regarded as three serial divisions of an entire
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segmental apparatus extending on each side of the body of a verte-

brate embryo from the head or region of the heart to the cloaca in the

hinder part of the body. The middle division, which in the embryonic
condition is the largest, is the "Wolffian body before referred to : the

anterior, much smaller and less constant among animals, is the head-

kidney of Balfour and Sedgwick • and the> posterior one, later of being
formed than the other two, corresponds to the permanent kidney of

the amniota. To these several divisions of the segmental apparatus

Eay Lankester has given the api3ropriate designations of Pronephros,

Mesonephros and Metanephros.

Wolffian and Miillerian Ducts.—Each of these three divisions of

the segmental organspossesses an excretory duct—viz., the Miillerian duct
belonging to the proneplu'os or head-kidney, the Wolffian duct to the

mesonephros or Wolffian body, and the ureter to the metanephros or
permanent kidney of the amniota.

Fig. 797.

Fig. 797. DiAGRAil OF THE PRIJIITIVE CONDITION OP THE KIDNEY IN AN ELASMO-
BRANCH EMBRYO (from Balfour).

pd, segmental duct ; opening at o, into the body cavity and at its other extremity into

the cloaca ; x, line of separation between the Wolffian duct above and the Miillerian duct
below ; st, segmental tubes, opening at one end into the body cavity and at the other

into the segmental duct.

The general nature and relations of these segmental organs, considered

as embryonic structures, and as the foundation and precursors of the

permanent urinary and internal generative organs, will be best explained

by following Balfour's very clear statement of the j)rincipal steps of

their development in elasmobranch fishes.

Origin and Formation of the Segmental Organs.—The segmental organs

of the vertebrates originate in a long shaped mass of formative cells,

which, at a period corresponding to the latter half of the second day
of incubation in the chick, is seen to be separated from the mesoblast

in a recess between its mesial or protovertebral and its lateral columns,

and which has hence received the name of intermediate cell-mass.

The separation of this cell-mass as a distinct cord or column begins in

the region of the fifth somite or protovertebra in the chick, and
extending from thence backwards to near the hinder part of the

primitive gut, it finally reaches the cloaca with which it is connected.

It is at first solid, but soon acquires a lumen within, and thus forms a

tube, the greater part of which corresponds with that which was earlier

known as the Wolffian duct, but which in its entirety, according to the

more recent views before quoted, may be named the segmental duct.

This column with its duct at the same time changes its position by
sinking down in a ventral direction, so that it comes to project in the

body-cavity, and soon, by a rapid increase of formative substance round
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it, the whole forms a longitudinal column on each side of the mesentery
between the parietal and risceral divisions of the mesoblast.

Segmental Tubes.—Within this columnar mass a series of tubular offsets

are early developed (AYolfiiau tubes) which have the general form of short

Fig. 798.

'h liw ao sp dd dj

Fig. 798.

—

Teansveese section through the embrto op the chick and blastoderm
ON THE SECOND DAY (from Kolliker).

d d, hj'poblast ; ch, chorda clorsalis ; u w, primordial vertebriB ; m r, medullary

plates ; h, corneous layer or epiblast ; u iv h , cavity of the primordial vertebral mass ;

7)12^, mesoblast dividing at sji; into hpl, body wall, and df, visceral wall; ung.
Wolffian duct, beginning in the intermediate cell-mass. (See also figs. 690 and 692.)

transverse caca directed inwards and connected externally with the main
segmental duct. These tubes in the lower vertebrates, and in reptiles

among the amniota, correspond closely in number with the vertebral or

muscular somites in - the region which they occupy ; but in birds and
mammals, though at first nearly so corresponding, they come later to

Fig. 799, Fig. 799. — Diagram op the
PRIMITIVE TRO-GENITAL ORGANS
IN THE EMBRYO PREVIOUS TO
SEXUAL DISTINCTION.

The hinder parts are shown
chiefly in profile, but the Miil-

lerian and Wolffian ducts are seen

from the front, entire upon the
left and cut short upon the right

side. 3, ureter ; 4, urinary

bladder ; 5, urachus ; ot, the geni-

tal ridge from which ovary or

testicle is afterwards foi-med

;

W, left Wolffian body ; x , an-

terior part from which the coni

vasculosi areafterwards developed;

w.w, right and left Wolffian ducts;

m.m, right and left Miillerian

ducts uniting together and with
the Wolffian ducts in gc, the

genital cord ; ug, sinus urogeni-

talis ; i, lower part of the intes-

tine ; cl, cloaca ; cp, elevation

which becomes clitoris or penis ;

Is, fold of integument from which
the labia majora or scrotum are

formed.

be more numerous by the addition both of original and of secondary tubes.

These may be named the segmental tiiles. In its primary form, therefore,

the segmental organ might be described as consisting of a main duct or

canal with a number of ctecal tubuli branching from it or leading into it

laterally.



SEGMEXTAL TUBES AND DUCTS. 893

Yery soon, lioweyer, a great inodificatiou and complication in the

structure and relations of this organ takes place in three ways ^vhich.

may be shortly stated as follows :—1st, by the formation of openings

from the inner ends of some of the segmental tubes, and later of the

segmental duct itself into the peritoneal or body canity at its upper or

dorsal part ; 2nd, by the increased growth and couYolution of the

tubules, especially of the mesonephros, and by the development of vas-

cular glomeruli in connection with them ; and ord, by the formation of a

new collateral duct in the vicinity of the original segmental duct, and
certain changes in the association of the segmental tubes with the two
ducts which thus come to take the place of the original segmental dnct.

These latter changes are of such a nature that the greater number of the

Fig. 800.

J¥R

Eig. 800.

—

Section through the lumbar eesion oi? an embryo chice of four days
(from Foster and Balfour).

nc, neural canal
;
pr, posterior root and ganglion of a spinal nerve ; ar, anterior root

;

mp, muscle-plate ; ch, notochord ; WR, Wolffian ridge ; AO, aorta ; Vc a, cardinal vein

;

Wd, Wolffian duct ; \Vb, Wolffian body with glomeruli
;

ge, germinal epithelium ; Md,
depression forming the commencement of the Mullerian duct ; d, alimentary canal ; M,
mesentery ; SO, body-wall ; SP, visceral wall ; V, blood-vessels

; pp, pleuro-peritoneal

space.

glandular tubules forming the mesonephros remain connected with

that part of the segmental duct which becomes the Wolffian duct, and
are thus brought to a common opening in the cloaca ; while (as

ascertained in some vertebrates, though not in all) some of the anterior

tubules are left in connection with the separate or newly-formed duct.
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which, having been originally discovered by Joh. MliUer in 1830, has
since been named the Miillerian duct.

The ureter may be looked upon as an offset from the hinder part of
the Wolffian duct, and the metanephros of the elasmobranchs consists of

a set of segmental tubes developed in connection Avith this duct, pos-

sessing the same glandular and glomerular structure as the mesonephros,

and occupying a situation which is on the dorsal aspect of the Wolffian

duct and near its hinder part. The characteristic feature in the develop-

ment of the urino-genital system m the amniota is according to Balfour

the formation of a metanephros or permanent kidney, and the complete

or partial disappearance of the other two parts of the segmental organs

—

viz., the pronephros and mesonephros.

The Miillerian and Wolffian ducts stand in a different relation to the

productive organ in the two sexes. In the female the Miillerian duct

becomes developed into the whole length of the genital passages, and the

Wolffian duct almost entirely disappears. In the male, on the other

hand, the Wolffian duct becomes converted into the excretory duct (vas

deferens) of the testicle ; while the Miillerian duct undergoes atrophy and
has no permanent existence.

Fig. 801.

Pig. 801.

—

Diagram of the aeeangemekt of the tjmno-genital organs in an
ADULT female ELASMObRANCH (from Balfour).

m.d., ]\IUlleriaii duct; ice?, Wolffian duct; s.t, segmental tubes; five of them are

represented with openings into the body cavity, and five posteriorly correspond to the

metanephros ; ov, the ovary ; d, nreter.

In connection with the conducting passages of both sexes there are

found in later life vestiges of those of the embryonic structures which
are not employed in the production of the permanent generative organs,

and these vestiges are of considerable interest in their bearing upon the

history of the changes by which the permanent organs are formed.

Genital Ridge and Germ- EpHhelium.—In all the Vertebrates the

productive gland of the generative system, ovary or testicle, takes its

origin from formative blastema situated on the mesial side of eacli

Wolffian body or mesonephros at an early period of embryonic life, and
there is in the commencement a close connection between the origin

of the first elements of the sexual products, ova or spermatic cells^

and a portion of the epithelium which lines the body cavity in that

region. Here an elevation of the blastema and thickened epithelium

marks the presence of the genital ridge, and the name of genn-ejntheUtmi
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is given to tlie more developed portion of the epitheliam from ^^'hicli the

generative elements are derived.

In the lower vertebrates tlie anterior part of the Miillerian duct is connected
with the pronephros, and the opening by which this duct communicates at its

anterior extremity is probably one of the peritoneal apertures of that portion of

the segmental organs. Among the amniota the pronephros or head-kidney is as

yet only known in birds by the researches of Sedgwick and Balfour ; but, accord-

ing to the views of the latter, it seems probable that the anterior part of Miiller's

duct is, in reptiles and mammals as well as in birds, homologous with the duct
of the pronephros. Although, therefore, the tubular part of the pronephros is

not developed in these animals, there is reason to hold that the type of develop-

ment of their urogenital passages is, in the main, the same as in birds and the
lower vertebrates.

The relation of the origin of the productive sexual organs to the

mesonephros, though not yet fully ascertained, is known to be closer

in the male than in the female sex. Thus there is good reason to

believe that, while in both sexes, as already stated, the productive elements

are derived from the germinal cells of the genital ridge, there are

Fig. 802.

Fig. )2.

—

Diagram of the arkangement op the u ring-genital organs in an
ADULT MALE ELASMOBRANCH (frOTU Balfour).

m.cl., rudiment of Miillerian duct; xo.d. Wolffian duet, serving at vcl as vas deferens ;

s.t, segmental tubes, two represented with openings into the body cavity ; d, ureter ;

t, testis ; nt, canal at the base of the testis ; V. E, vasa eiferentia ; Ic, longitudinal canal

of the Wolffian body.

differences in the further development of the organs containing the

generative elements, as in the G-raafian follicles m the one and the

spermatic tubes in the other.

The External Organs.—With regard to these organs, it is sufficient

to remark in this place that the structural elements from wdiich they

take their origin are essentially the same in the two sexes, and that

their special sexual characters in the male and female depend rather upon
differences in the degree and manner of their development than upon
any fundamental disparity in their nature. The nature of the process

"will be more fully explained hereafter.

In all mammals, with the exception of the monotremata, the dis-

tinctive development of the external organs is preceded by the separation

of the cloaca internally into an anterior urogenital and posterior anal

part, vrhich when the proctodceum is perforated open separately on the

surface.
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The history of the development of the parts composuig the external
organs in connection with the formation of their special sexual characters

will be described in a later part of this chapter.

II. FURTEEE DEVEIOPMENT OF THE PERMAJS'EKT UEINO-GEXITAL
OEGANS.

I. THE KIDNEYS.

The origin of the kidneys as a metanephros in connection with the

hinder part of the Wolffian body on its dorsal aspect has already

been adverted to. KoUiker, following Knpffer and Lieberkiihn, and
from his own observations, has described the first appearance of

the kidney in mammals as taking place by the development of a
tubular diverticulum from the Wolffian duct near its termination in the

cloaca. This tube represents the earliest condition of the ureter, and it

extends into a mass of mesoblastic cells corresponding or continuous

with that of the Wolffian body from which the glandular part of the

kidney is gradually developed. The distinction between the tubular or

ureter part and that which is to become the parenchyma of the gland
becoming more apparent, the latter increases greatly in volume, and
rapidly encroaching on the space above the Wolffian body comes to

occupy the whole of the region between it and the aorta, and even to

project further forward, while other changes in the interior indicate

the process of formation of the gland. In the ureter the hinder part

elongates as a single tube, but the forepart becomes dilated and sub-

divided into cEeca or wider portions which rejjresent the commencement
of the several divisions of the pelvis. These divisions are surrounded by
masses of the glandular blastema, into which there pass smaller C8scal

tubes which seem to sprout fr"om the pelvic hollows of the original ureter.

These tubes then become convoluted, and on their exterior small masses

of cells accumulate in which the vascular glomeruli are gradually formed
by the development of blood-vessels within them. These blood-vessels

remain connected with the external blastema in which they arise by
means of a stalk or pedicle, but the glomerulus now comes to be projected

into a doubling of the uriniferous tubule in the manner which belongs to

all such renal structures. There is at first no distinction between the

straight and the convoluted parts of the tubular substance, but this

arises later by the gathering together of the convoluted parts in rounded
masses towards the exterior, and the elongation of the straighter tubes

internally, while at the same time or somewhat later the latter group

themselves into bundles which form the pyramids and project into the

j)elvic calices.

Ill the human foetus of eiglit weeks, the Malpighiaii glomeruli are akeady
apparent. In the third month the papillaj are formed, and in the fourth the
recurved tubes of Henle have become apparent. At first, therefore, the kidneys

seem to consist wholly of cortical substance, with only convoluted tubes, and the
formation of the straight tubular substance is the result of a later change. The
tubes are absolutely, as well as relatively, wider in early foetal life than in the

adult.

In the human foetus of ten weeks the kidneys have acquired theii- peculiar

bean-like shape with the hilus for the ureter, pelvis and vessels. They are also

distinctly lobulated extemally, and they retain this form up to the time of birth,

and during the first year of infancy, and it is not uncommon to find the lobulated

form in kidneys of a later period.
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XTrinary Bladder and Uraclius.—The urinary bladder, as already

stated in an earlier part of this description, is formed by a dilatation of

the stalk of the allantois. In the human foetus this appears as a

spindle-shaped cavity at the end of the second month, the narrower
part below being prolonged as the first part of the urethra into the

cloaca, while the upper narrowing part extends as the urachus into the

umbilical cord, and at an early period in animals is prolonged into

the cavity of the aUantois.

The ureters terminate in the dorsal wall of th.at part of the urogenital sinus

which is dilated into the lainary bladder.

The urachus is usually a solid cord at a short distance from the bladder, but,

according to Luschka, it not unfrequently remains hollow for some length within
the umbilical cord.

The spindle shape of the bladder is retained for a long time in the human
foetus.

For the development of the Suprarenal bodies, see p. 841.

Genital Cord.—In both sexes, as was first fully shown by Tiersch

(No. 287) and Leuckart (No. 287*) in 1852, the two Wolffian ducts

are united by surrounding substance into one cord behind what
becomes the base of the urinary bladder ; but retaining internally their

separate passages until they reach the sinus urogenitalis. With this

cord the Miillerian ducts are incorporated posteriorly, so that at one time

there are four passages through the whole of the genital cord. The
Miillerian ducts next coalesce into one at some little distance from their

lower ends, and this fusion progressing upwards and downwards for a

considerable space, a single median cavity is produced which lies between

the stiU separate canals of the Wolffian ducts. A large accumulation of

tissue in its walls gives to the genital cord great thickness as compared

JL m
Fig. 803.

—

Transverse sec- Fig. 803.

tions of the genital coed

in a female calf embryo.

Magnified 14 diameters
(from Kolliker).

1, near the upper end ; 2

and 3, near the middle ; 4, at

the lower end ; a, anterior,

2), posterior aspect ; in, Miil-

lerian ducts united or sepa-

rate; IV, Wolffian ducts.

v.-ith the neighbouring

parts of the ducts where
they emerge from its

enclosure. The lower

part of the united Miillerian ducts thus comes afterwards to form the

foundation of the vagina and lower part of the uterus in the female,

and the corresponding prostatic vesicle with its occasional vestigial

accompaniments in the male, or the uterus masculinus.

II. GENERATIVE ORaANS.

In the history of the further development of the generative organs ifc

will be convenient to consider them in the two sexes in succession under
the three heads of, 1st, the reproductive glands, or strictly internal
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organs ; 2ncl, the conducting passages or intermediate organs ; and
3rd, the external organs.

1. Reproductive Glands.—From all recent researches it appears
certain, as previously stated, that the rejDroductive elements of the two
sexes take their origin from an identical source, viz., the germ-epithelium

of the genital ridge, situated on the mesial side of each Wolffian body-

It api^ears further that in the earliest stages of both the sexes the thicken-

ing of the genital ridge by the columnar enlargement of its epithelial

cells occurs nearly in like manner : and it is even further stated that, in

erabryoes exhibiting a tendency to be developed as males, an enlargemeni>

of some of the germ-epithelial cells into the form of primordial ova is

observed of the same kind as in embryoes about to become females. But
as development advances, the similarity in the condition of the genital

ridge becomes less, and the germ-epithelial cells remain on the whole
flatter in the male than in the female.

In the human embryo the distinction of sex begins to be perceptible

in the internal organs in the seventh week, and becomes more apparent

in the eighth. The reproductive gland is from the first connected with
the Wolffian body, with which its blastema seems to be actually in

part continuous ; and it remains attached to it, or after its disapjDear-

ance, to the structure which occupies its place, by a fold of the peri-

Fig. 804.

—

Transverse sec--

TION OP THE WOLFFIAN
BODY OP THE CHICK DE-

VELOPING THE PRONEPHROS
AND GENITAL GLAND ON THE'

FOURTH DAT (from Balfour

after Waldeyer).

m, mesentery ; Z, body-
"wall;. a', portion of the epi-

thelium from which the in-

volution of the anterior part
of the Miillerian duct s, is

taking place ; a, thickened

germinal epithelium in which
are seen primitive germinal
cells, C and o ; E, modified

mesoblast which will form
the stroma of the ovary

;

WK, Wolffian body
; y, Wolf-

fian duct.

toneal membrane, con-

stituting the mesorchium
or mesovarium. Upper
and lower bands fix the

Wolffian body; the upper
passing to the diaphragm
may be named the dia-

phragmatic ; the lower, running down towards the groin from the
Wolffian duct, contains muscular fibres and constitutes the future

gubernaculum testis and round ligament of the uterus.

In birds the distinction of sex is easily recognisable at an early period
by the occurrence in the female of an atrophy of the ovary and passages
on the right side, Avliile those of the left are fully developed.
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The Testicle.—In male liuman embryoes at the tenth week ah'eady

seminal canals are visible, being at first, according to Ivolliker, entirely

composed of cells, but by the eleventh and twelfth weeks the tubes have
become somewhat smaller, longer, and are now branched and possess a
membrana propria. There is also by the end of the third month a com-
mencement of lobular division, and the body of the testis is now
covered with a condensed layer of fibrous tissue which forms the tunica

albuginea. The serous covering is derived from the abdominal j)eri-

toneum.
The first origin of the glandular substance of the testis has not been

observed in the human embryo, but fi'om the observations of Egli in

male embiyo rabbits (No. 308) it appears that the epithelial cells, which
remain smaller than in the females, soon become connected with the

deeper blastema extending towards the Wolffian body, and form strings

of cells ruuuing into the body of the future testis. These are the com-
mencements of the tubuli seminiferi. Some intimate connection, how-
ever, also exists between the tubular structure of the testis and the tubes

of the anterior part of the Wolttian body.

Fig. 805.

—

Internal genital organs of a male Fig. 805.
HUMAN EMBRYO OP 3^ INCHKS LONG (from "VVal-

dej'er).

t, body of the testicle with seminal canals formed
;

e, epididymis, or upper part of Wolffian body ; w, Wolf-

fian body, lower part, becoming paradidymis or organ of

Giraldes ; w', Wolffian duct, lecoming vas deferens
; g,

gnbernaculum.

The nature of this connection is not fully made
out in birds or mammals, but, from the obser-

vations of Braun in reptiles (No. 303*), it is

probable that the formation of the seminiferous

tubes has some close relation with the segmental

tubes of the "Wolffian body, and in such a way that

the germinal epithelium cells are combined with.^

or enclosed in these tubes, which extend into the

body of the testis, and thus come to contain the rudiments of the spermatic

cells. (For the development of the spermatozoa from the spermatic cells, see

p. 698 of this volume.)

To the probable union between the tubular structure of the testis (rete

testis, vasa recta, &c.) with the vas deferens, through the coni vasculosi,

by the persistence of some of the tubes in the anterior part of the W^olffian

body, reference will be made under the description of the development of the

genital passages.

The general result of recent researches appears to be that the elements of the

spermatozoa, as formed in the spermatic cells, are derived from the germinal epi-

thelium, while the secreting tubes, which contain the cells, owe their origin to a

development of formative mesoblast situated between the germ-epithelium and
the Wolffian body, and probably also to the direct extension of some of the

segmental tubes from the Wolffian bodies.

The Ovary.—Considered as a glandular organ the ovary differs from

the testicle and other glands by the absence of special excretory ducts,

and by the separation of its conducting passages from the glandular or

productive part of its structure. Like the testicle it begins to manifest

its peculiar characteristics by the seventh or eighth week, \vhen the

germ-epithelium has attained considerable thickness, and forms a decided
3 M 2



900 UEINAEY AND GENEEATIVE ORGANS.

prominence on the mesial side of the Wolffian body. The farther
development of the glandular part of the organ consists mainly in the
formation of ovigerms and ova, and the enclosure of these in
Oraafian follicles by a peculiar combination or intermixture of the
germinal cells from the surface with the deeper blastema which forms the
stroma of the organ.

Fi?. 806.

Pig. 806.

—

Transverse section through the ovary of an embryo shark, showing
THE GERM-EPITHELIUM PASSING INTO PRIMITIVE OVA (frOm Balfour).

At po, the prismatic germ-eiDithelium and two primitive ova of wliicli one is still on the
surface, the other has sunk below the epithelium ; elsewhere the lightly-shaded part
of the figure shows the ovarian stroma or lymphatic tissue and the covering of ordinary

epithelium.

Primordial Ova.—From the researches of Waldeyer (No. 58) and
of many others there cannot now be any doubt that the primitive ova

Fig. 807. Fig. 807.

—

Internal organs of a female human
FCETUS OF 'i\ INCHES LONG, OR ABOUT 14 WEEKS.
Magnified (from "Waldeyer).

0, the ovary full of primordial ova ; e, tubes

of the upper part of the Wolffian body forming
t!ie epoophoron (parovarium of Kobelt) ; W, the

lower part of the Wolffian body forming the

paroophoron of His and Waldeyer ; w', the Wolffian

1 luct ; M, the Miillerian duct ; m', its upper
fimbriated opening.

are derived from some of the cells of the

germ-epithelium which undergo enlarge-

ment and subsequently become enclosed

in Graafian follicles. But doubts have

existed as to the exact manner in wliich

this enclosure takes place, and more es-

pecially as to the source of the cellular

lining of the follicle which is aUied to

epithelium and gives rise to the so-called granular membrane of later

periods. According to the view first advocated by Waldeyer, the cells
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which form this epithelial find granular-cell lining of the folHcle proceed

originally from the germ-epithelimu along with the primitive ova. By
Foulis, on the other hand, the origin of these cells has been attributed

to an enclosure and differentiation of the cells of the ovarian stroma,

while Ivolliker's observations have led him to adopt the view that they

proceed from the cellular contents of tubes which are connected with
the Wolffian body, and remain for a time as vestiges in the base of the

ovary (paroophoron ?). But the observations of Ludwig (No. 59)
and Balfour (No. 62) seem to show very decidedly that in the lower

vertebrates the epithelial lining of the primitive foUicle is the direct

l^roduct of cells which, like the ova themselves, proceed from the germ-
epitheliam. And though it must be admitted that in the human
embryo there are appearances favourable to the view taken by Foulis, the

writer of this is induced from his own observations in the human ovary
and that of several mammals now to give a preference to the opinion of

Waldeyer.

Fio-. SOS.

Fi?. SOS.

—

Section of the OVARY OF A NHWLT-EOKN CHILD.

(Waldeyer).

Highly magnified

a, Ovarian or germinal epitlielium ; 5, formation of an ovarian tube ; c, c, primordial

ova lying in the germ-epithelium ; d, d, longer tube becoming constricted so as to form
nests of cells ; c, e, larger nests

; f, distinctly formed follicle with ovum and ejiithelium ;

g, g, blood-vessels.

In the earliest stages of ovarian development, and for a considerable time
afterwards, the germinal cells of the genital ridge undergo a remarkable multi-

plication, and many of them "while still close to the surface, become much larger

than the rest, and assume the appearance of primordial ova ; the nucleus expand-
ing into the germinal vesicle, wdth a distinct nucleolus (or macula) formed within
it, and the external protoplasm increasing greatly to form the vitellus or yolk,

but, at first, without any enclosing membrane.
As these ovigerms increase in number and size they retire from the surface of

the germinal ridge or ovary, and, collecting into groups, they sink into the
blastema which lies below the epithelial covering.

At the same time a great increase and extension outwards of the deeper



902 UEINAET AND GENERATIVE ORGANS.

blastema occurs, and the lymphatic cells (Balfour) of which it consists, present

more and more the appearance of connective or fibro-nuclear tissue.

Ovarian Tubes and Nests.—Ere long the groups of ovigerms become enclosed

in prolongations of the stroma, which in some animals present a marked tubular

form, as described first by Valentin (No. 281), and afterwards more fully by
Pfliiger (No. 55), and in other instances assume the spherical or grape-like

form, so as to deserve rather the name of nests which has been applied to them,

Fi- 809.

Fig. 809.

—

Views of the foiihation of ova and graafian follicles in the ovAKi'

(from Foulis).

A, small portion of the ovary of a human fcetus of 3i months, showing primordial

ova embedded in the stroma ; o, larger primordial ova ; o', cluster of earlier ova ; n, fusi-

form corpuscles of the stroma. B, portion of the ovary near the surface in a human foetus

of 7^ months, showing the manner of inclusion of the germ-epithelium corpuscles

in groups in the ovarian stroma ; e, germ eijithelium ; e', one of the cells enlarging into a
primordial ovum before sinking into the stroma ; o, a larger cell imbedded, becoming an
ovum ; o', groups of ovigerms or germ cells which have been surrounded by the stroma.

C, young ovum from the same ovary, isolated
; p, yolk protoplasm. D, ovum more advanced,

enclosed in condensed stroma, which begins to form a Graafian follicle
; ]p, yolk proto-

plasm ; V, germinal vesicle with macula
; g, the enclosed corpuscles now converted into

the granular cells ; -Gf, condensed stroma forming the wall of the Graafian follicle.

In these tubes and nests the enlarged cells derived from the epithelium, or ovi-

germs, are at fii-st of nearly uniform size and appearance, but very soon some of

them undergo a greater enlargement, while the others diminish in size, and lose

the spherical foi-m. It is not improbable that many of these last may wholly dis-

appear, having served, according to Balfour's view (No. 62), as pabulum, or food,

to those which continue to grov/. The result of the whole is, however, that one,

or it may be more, of the cells undergo increased development, and acquire
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more and more distinctly tlie characters of ova by tlie enlargement of the yolk
protoplasm and germinal vesicle, while those of the others which survive alter their

shape, becoming flattened nucleated cells, and arrange themselves as a nrore or less

complete single layer of epithelium lining the cavity of ovarian stroma in which
the primordial ovum is now situated. This cavity is of coui-se the first stage of

the Graafian follicle, and the single layer of epithelium lining it, or covering
the ovum, is the commencement of the cellular lining which afterwards becomes
largely developed in the tunica granulosa.

Enclosure in Graafian Follicles.—While this is going on, and at a time
which varies considerably in different animals, but is comparatively early in the

human ovary, the ovarian stroma has advanced rapidly so as to enclose first the
groups of primordial ova in the tubes and nests, and then the individual ova,

with their still very imperfect epithelium ; and the wall of the Graafian follicle

comes to be formed by a layer of condensed stroma surrounding each space con-

taining an ovum. In many animals the ova remain in this condition for a long
time, occupying the germinal stratum at a short distance from the surface of

the ovary, as may be most distinctly seen in the ovary of the kitten (see

figs. 612 and 613, p. 715), and this stratum of primordial ova is even recog-

nisable in some animals of adult age. In the human ovary the tubes and nests

are more equally diffused through the substance of the ovary than in most
animals, and, indeed, so much so, and in such numbers, that in the human embryo
of from four months up to the pei-iod of birth the ovary seems to be an entire mass
of primordial ova, with only a slight admixtm-e of the stroma and other tissues

;

and it is calculated that in the earlier part of this stage the ovaries of the human
foetus may contain not fewer than 70,000 cells having all the characters of

primordial ova.

Wall of the Follicle.—When, however, a certain number of the ova begin
to be further developed, they retire from the surface into the deeper stroma of

the ovary, the most advanced being generally situated at the greatest depth,

but at some distance from the hilus. (See fig. 615, p. 719.) When this takes

place, we observe, along with the enlargement of the parts both of the ovum and
follicle, other changes. The ovarian stroma, or fibro-nuclear tissue, forms layers

round the follicle, being firmer and more fibrous externally, and looser with
somewhat rounder cells next the cavity, and into the inner of these layers a rich

network of blood-vessels soon penetrates. In the more advanced stage, also, we
can distinguish a fine homogeneous limiting or basement membrane within.

Granular-cell Lining.—-In the interior, and surrounding the ovum, the

epithelial cells, which were at first flat and sparse, have now been multiplied, and
have assumed the prismatic shape, so as to give a complete and compact lining to

the follicle. In subsequent stages the cells of this epithelial lining rapidly

increase, so as to form at first several, and then more numerous layers; and when
the follicle has attained some size a fissure occurs in these granular cell layers

on one side, which leaves the ovum surrounded by a set of the cells which are

in contact with the wall of the follicle, while the interval gradually increasing

between the ovum so enclosed and the opposite wall of the follicle, there is thus

produced the follicular cavity. In the much greater expansion of the follicle

which accompanies full matui-ation of the ovum, it is mainly by the accumulation
of fluid in this cavity that the enlargement is produced.

In the ovum itself changes also take place, first of all by some increase of size,

which however remains greatly inferior to that of the follicle, so that while
the follicle vcisij attain the diameter of from ~ to | of an inch, the ovum
rarely goes beyond ^L or j^. The reticular structure of the protoplasm
in the germinal vesicle becomes more distinct, the macula well defined, the yolk-

IDrotoplasm proportionally increased in size and exhibiting yolk corpuscles, and a

zona pellucida, or external membrane, gradually makes its appearance externally,

being probably due to a condensation of the outer part of the yolk-protoplasm.

The primordial ovum, when first formed, has a diameter of about jig to jggg",

and its germinal vesicle, or nucleus, which is then proportionally large, may be
about gig of an inch in diameter. When the granular epithelium has become
cylindrical, and the siagie ovum enclosed in a simple Graafian follicle begins to

siuk more deeply into the ovarian substance, its diameter is nearly doubled, while
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the Graafian follicle is not larger than sufficient to contain it and its epithelial

covering. As the ova approach maturity the Graafian follicle expands rapidly,

both by an increase of its fluid and of the granular cells, while the ovum remains

of comparatively small size.

2. The Genital Passages.—The existence at first of two sets of tubes

between the internal productive organs and the external parts has already

been adverted to as a feature common to both sexes. The female organs

contrast with those of the male in the passages of the first being formed by
the large development of one of these sets of tubes, viz., the MilUerian

ducts, and in the abortive disappearance of the greater part of the other or

WoMan ducts ; while in. the male the ducts of Miiller suffer in a great

measure the abortive retrogression, and the seminal conducting tubes are

produced from canals formed out of special parts of the "Wolffian body
and the Avhole of the Wolffian duct. But as in all embryoes of whatever

sex both sets of tubes are originally present, while a different one of the

primary tubes becomes developed into the resjoective permanent con-

ducting passages, vestiges of the other primary tubes, as already stated,

are always present in various degrees in both sexes.

The Female Passages.—In. the female, the vagina, uterus, and

Fig. 810.

Fig. 810.—DiAGSAM OP THE FEMALE TVPE OF SEXUAL 0EGAK3.

This and figure 813 represent diagrammatieally a state of the parts not actually visible

at one time ; bnt they are intended to illustrate the general type in the two sexes, and
more particularly the relation of the two conducting tubes to the development of one as

the natural passage in either sex, and to the usvial occurrence of vestiges of the other

tube, as well as to the persistence of the whole or parts of both tubes in occasional

instances of hermaphroditic nature.

3, the ureter joining the uiinary bladder ; 4, urinary bladder ; 5, urachus ; o, the left

ovary nearly in the place of its original formation
; pOf parovarium, epoophoron of

Waldeyer ; W, scattered remains of "Wolffian tubes near it, paroophoron of Waldeyer ;

d G, remains of the left Wolffian duct, such as give rise to the duct of Gaertner, repre-

sented by dotted lines ; that of the right side cut short is marked w ; /, the abdominal
opening of the left Fallopian tube ; u, the upper part of the body of the uterus, still pre-

senting a slight appearance of division into cornua ; the Fallopian tube of the right side

cut short is marked in
; g, round ligament, corresponding to guhernaculum ; i, lower

l^art of the intestine ; va, vagina ; h, situation of the hymen ; C, gland of Bartholin

(Cowper's gland), and immediately above it the urethra ; cc, corpus cavernosum clitoridis ;

sc, vascidar bulb or corpus spongiosum -j n, nympha; I, labium; v, vulva.
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Fallopian tubes, are formed out of the Miillcrian ducts. That portion

of the ducts in which they become fased together is developed into the

vagina, the cervix, and part of the body of the uterus. The next

following part of the Miillerian duct, constitutes in animals with

horned uteri, the cornu of the uterus ; but in the human subject it

Fig. 811.

' Fig. 811.

—

Female genital organs of the human' embryo of three months
WITH THE REMAINS OF THE WOLFFIAN BODIES (after J. Muller).

«, The body of the uterus notched above ; b, the round ligament ; c, the Fallopian

tubes ; d, the ovaries ; c, remains of the Woltfian bodies.

remains comparatively short, entering into the formation of the upper
part of the organ. The remaiuing upper portion of the Miillerian duct

constitutes the Fallopian tube—becoming at first open and subsequently

fringed at a short distance from its upper extremity.

Yivi. 812.

Fig. 812.

—

Adult ovary, parovarium and fallopian tube (from Farre, after

Kobelt).

a, a, Epoophoron (parovarium) formed from the upper part of the Wolffian body

;

6, remains of the uppermost tubes sometimes forming hydatids : c, middle set of tubes
;

d, some lower atrophied tubes ; e, atrophied remains of the Wolffian duct
; /, the terminal,

bulb or hydatid ; h, the Fallopian tube, originally the duct of Muller ; i, hydatid

attached to the extremity ; I, the ovary.

The additional or accessory fimbrise and openings referred to by Henle
in his Handbuch, vol. ii., p. 470, may admit of explanation on the supposition of

the duct of Muller having remained open at these places.

In the human embryo of the third month the uterus is two-horned, and it is

by a subsequent median fusion and consolidation that the triangular body of the
entire organ is produced. The cornua uteri, therefore, of the human uterus cor-
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respond with the separate coniua of the divided uterus in animals, and this

explains the occasional malformation consisting in the greater or less division of
the uterine cavity and vagina into two passages. There is no distinction in the
human foetus in the third and fourth month between the vagina and uterus. In
the fifth and sixth months the os uteri begins to be formed, and the neck is sub-

sequently gradually distinguished. Thickening succeeds in the walls of the
uterine portion ; but this takes place first in the cervix, which up to the time of

birth is much larger and thicker than the body of the uterus (KoUiker).

In the meantime the Wolffian bodies undergo a partial atrophy, and their

ducts become more or less obliterated and abortive in different parts. The
most constant vestige of the Wolffian bodies in the female is the now well-

known body of RosenmuUer (No. 277) or Parovarium of Kobelt (No. 285)
which has already been described at p. 720 of this volume, the cpoopliovon

of Waldeyer, and which, being produced out of the same elements as the epididy-

mis of the male, presents a remarkable resemblance to that body. The canal

uniting the radiating tubes (coni vasculosi) of this organ is also usually persistent,

but ceases at a short distance below. In the sow and several ruminants, how-
ever, and in some Simife, the subdivided upper tubular part or epoophoron has
disappeared, and the main tube (middle part of the Wolffian duct) remains as the

duct of Gaertncr, a strong, slightly undulated tube, which is traceable, first free

in the broad ligament of the uterus, and lower down becoming incorporated with
the wall of the uterus and vagina, upon which last it is lost.

The Male Passages.—The conversion of the Wolffian duct into

the vas deferens of the testicle was first demonstrated in animals by

Fig. 813. Fii;. 813.

—

Diagram of
THE MALE TYPE 01<'

SEXUAL OEGANS.

Compare with fig. 810
3, ureter ; 4, urinary

bladder ; 5, urachus ; t,

testicle in tlie place of

its original formation ; e,

caput epididymis ; vd,

vas deferens; W, scat-

tered remains of the Wolf-

fuiR body, constituting the

organ of Giraldes, or the

paradidymis of Waldeyer

;

v h, vas aberrans ; m,
Miillerian duct, the upper

part of which remains as

the hydatid of Morgagni,

the lower part, repre-

sented by a dotted line

descending to the pro-

static vesicle, constitutes

the occasionally existing

cornu and tube of the

uterus masculinns
; g,

the gubernaculum ; vs,

the vesicula seminalis ; ^j r, the prostate gland ; C, Cowper's gland of one side ; cp,

corpora cavernosa"" penis cut short ; sp, corpus spongiosum nrethrce ; s, scrotum ; t',

together with the dotted lines above, indicates the direction in which the testicle and

epididymis change place in their descent from the abdomen into the scrotum.

Eathke (No. 278, Part 4), in correction of the views of J. Miiller (No. 279),

and was further proved and illustrated by H. Meckel (No. 284) and Bidder

(No. 282). KoUiker showed that a similar process occurs in the human
embryo, and that a communication established between the seminal tubes
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of the testicle (rete testis) and some of the upper tubes of the Wolffian

body gives rise to the epididymis.

In the male, the MuUerian ducts are destined to undergo little development and
are of no physiological importance, while the ducts of the Wolffian bodies, and
probably also some part of their glandular substance, form the principal part of

the excretory apparatus of the testicle. The united portion of the MiHlerian

ducts remains as the vesicula prostatica, which accordingly not only corresponds

with the uterus, as was shown by Weber (Xo. 283), but likewise, as pointed out by
Leuckart (No. 288), contains as much of the vagina as is represented in the male.

In some animals the vesicula prostatica is prolonged into cornua and tubes

;

but in the human subject the whole of the ununited parts of the Miillerian ducts
disappear, excepting, as suggested by Kobelt, their u^Dper extremities, which seem
to be the source of the hydatid of Morgagni found between the body of the
testicle and upper globe of the epididymis. The excretory duct of the Wolffian
body, from the base of that body to its orifice, is converted into vas deferens

and ejaculatory duct, the vesicula semiaalis being formed as a diverticulum

from its lower part (Waldeyer).

With respect to the formation of the epididymis, it appears certain that the

larger convoluted seminal tube, which forms the main part and globus minor of

that body, arises by a change or adaptation of that part of the Wolffian duct
which runs along the outer side of the organ. The vas aberrans or vasa aber-

rantia of Haller appear to be the remains also, in a more highly convoluted form,
of one or more of the tubes of the Wolffian body still adhering to the excretory

duct of the organ, and their communication with the main tube of the epidi-

djTnis receives an explanation from that circumstance. As to the coni vasculosi

in the upper part of the epididymis, it has been customary to regard them as

produced by a transformation of some of the tubes in the upper part of the
Wolffian body, according to the views most fully given by Kobelt ; but, from more
recent observations. Banks has described the origin of the coni vasculosi as more
probably due to a process of development occurring in a new structure or mass of

blastema which had been previously observed by Cleland, and which is formed in

connection with the upper part of the Wolffian body, and close to the Miillerian

duct ; while KoUiker holds that sufficient evidence has not yet been adduced in

favour of this view.

The coni vasculosi, becoming convoluted, are connected with the body of the

testicle by means of a short straight cord, which is afterwards subdivided into the

vasa efferentia. The peritoneal elevation descending from the testis towards the

Fig. 814.Fig. 814. ^VlEW FROM BEFORE OF

THE ADULT TESTIS AND EPIDIDY-

MIS (from Farre, after Kobelt).

a, a, convoluted tubes in the head

of the epididymis developed from

the upper part of the Wolffian body
;

i and /, hydatids in the head of the

epididymis ; c, coni vasculosi ; d,

vasa aberrantia ; li, remains of the

duct of Miiller with i, the hydatid of

Morgagni at its u^Dper end ; I, body

of the testis.

lower extremity of the Wolffian

body, is the upper part of the plica

gubematrix, and becomes short-

ened as the testicle descends tomeet
the lower end of the epididymis ; the peritoneal elevation which passes down into

the scrotum, and is continuous with the first, is the more important part of the
plica gubernatrix, connected with the gubernaculum testis. The spermatic
artery is originally a branch of one of those which go to the Wolffian body, and
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ascend from tlie surface of the Wolffian body to tlic upper part of tlie testis,

along the ligaments connecting them ; but, as the testis descends, the artery lies

entirely above it, the secreting substance of the Wolffian body remaining ad-

herent to it ; and hence it is that the organ of Giraldes, which consists of per-

sistent Wolffian tubules, is found in a position superior to the epididymis. (Banks,

No. 290).

The Descent of the Testicles.—The testicles, which are originally situated in

the abdominal cavity, pass down into the scrotum before biith. The testicle

enters the internal inguinal ring in the seventh month of foetal life : by the end
of the eighth month it has usually descended into the scrotum, and, a short time

before birth, the narrow neck of the peritoneal pouch, by which it previously

communicated with the general peritoneal cavity, generally becomes closed, and
the process of peritoneum, now entirely shut off from the abdominal cavity, remains

as a separate serous sac. The peritoneal pouch, or processus vaginalis, which
passes doAvn into the scrotum, precedes the testis by some time in its descent,

and into its posterior part there projects a considerable columnar elevation.

There is likewise a fibrous structure attached inferiorly to the lower part of the

scrotum, and surrounding the peritoneal pouch above, which may be distin-

guished as the guhcriiamiJar cord, both this and the plica gubernatrix being

included in the general term guhcrnaeulum testis (J. Hunter, No. 27G). Tlie guber-

nacular cord consists of fibres which pass downwards from the sub-peritoneal fascia,

others which pass upwards from the superficial fascia and integument, and others

again which pass both upv>^ards and downwards from the internal oblique muscle
and the aponeurosis of the external oblique ; it exhibits, therefore, a fusion of

the layers of the abdominal wall. Superiorly, it suiTOunds the processus vagi-

nalis, without penetratmg the plica gubernatrix ; and the processus vaginalis,

as it grows, pushes its way down through the gubemacular cord and disperses its

fibres. By the time that the testis enters the internal abdominal ring, the pro-

cessus vaginalis has reached a considerable way into the scrotum ; and, as the

testis follows, the plica gubernatrix becomes shorter, till it at last disaj^pears
;

but it cannot be said that the shortening of the plica is the cause of the descent

of the testicle, and much less that (as has been held by some) the muscular
fibres of the gubernacular cord are the agents which effect this change of posi-

tion. The arched fibres of the cremaster muscle make their appearance on
the surface of the processus vaginalis as it descends, while its other fibres are

those which descend in the gubernacular cord. (See Cleland, No. 280).

3. The External Organs.—In the linman embryo, as before stated

with respect to animals, the external organs are up to a certain time

entirely of the same form in both sexes ; and the several organs which
afterwards distinguish the male and female externally take their origin

respectively from common masses of blastema of precisely similar structure

and connections. The common cloaca exists till after the fifth week,

and the genital eminence from which the clitoris or penis is formed
makes its appearance in the course of the fifth and sixth weeks in front

of and within the common orifice. In the course of the seventh and
eighth weeks the common orifice is seen to become divided into two parts,

viz., the longer slit of the genito-urinary aperture anteriorly, and the nar-

rower and more rounded anal aperture posteriorly : but the exact man-
ner in sihich the separation of these two apertures takes place has not yet

been accurately'traced. This process is intimately connected with the

formation of the urogenital cord as an independent structure, and is

probably mainly effected by the advance from the sides and posteriorly

of septal bands which divide the cloaca into a dorsal or anal and a

ventral or urogenital part. Somewhat later, or in the ninth and tenth

weeks, a transverse integumental band completes the division between
the anal and the urogenital orifices, which band forms the whole of the
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so-called perineum of the female, and the part of the perineal integu-

ment in the male which is situated behind the scrotum; the raphe being

most obvious in the male sex.

Two apertures are now seen to occupy the perineal region. Of these the

dorsal one or anus is of a rounded form and small size, and is surrounded

by a small circular integumental ridge ; the anterior or urogenital aperture

forms a narrow vertical sHt wider behind than before, and running forward

into the rudiment of the penis, or clitoris.

The well marked eminence in the integument which forms this rudiment, at

first indifferent in the two sexes, is surrounded by a deep cii-cular fold of the

integument which encompasses its base, and which in the separate condition is

the foundation of the mons veneris and labia majora in the female, and when

Fia;. 815.

—

Development of the ex- Fiff. 815.

TERNAL SEXUAL ORGANS IN THE MALE
AND FEMALE FROM THE INDIFFERENT

TYPE (from Ecker).

A, the external sexual organs in an
embryo of about nine weeks, in wliich

external sexual distinction is not yet es-

tablished, and the cloaca still exists ; B,

the same in an embryo somewliat more
advanced, and in which, without marked
sexual distinction, the anus is now sepa-

rated from the uro-genital aperture ; C,

the same in an embryo of about ten weeks,

sho\ying the female type ; D, the same
in a male embryo somewhat more ad-

vanced. Throughout the figures the

following indications are employed
;
^c,

common blastema of penis or clitoris
;

to the right of these letters in A, the

umbilical cord ; p, penis ; c, clitoris ; cl,

cloaca ; iig, urogenital opening ; a, anus
;

Is, cutaneous elevation which becomes lalium or scrotum ; I, labium ; s, scr

caudal or coccygeal elevation.

otum ; CO,

united by median fusion, of the scrotum in the male. The lips of the urogenital

furrow, which in the female are converted into the nymphag, and in the male
unite as integument below the penis, are both at first precisely the same in all

embryoes. In the open condition, which continues until the eleventh or twelfth

week, the parts appear alike in both sexes, and resemble very much the more
advanced female organs. The mdiments of Bartholin's or Con-per's glands are.

it is said, seen at an early period, near the root of the rudimentary clitoris or

penis, on each side of the genito-urinary passage.

In the female, the two external folds of integument enlarge, so as to cover the

clitoris as the labia majora. The clitoris itself remains relatively smaller, and the

groove on its under surface becomes less and less marked, owing to the opening
out, and subsequent extension backwards, of its margins to form the nymplia;.

The vascular bulbs, sunk more deeply in the tissues, remain distinct and separate,

except at one point where they run together in the glans clitoridis. The
liymen begins to appear about the fifth month as a fold of the lining mem-
brPoue at the opening of the genital passage into the urogenital sinus. Within
the vestibule, which is the shortened but widened remains of the urogenital

sinus-, the urethral orifice is seen, the urethra itself undergoing considerable

elongation.

In the male, on the contrary, the penis continues to enlarge, and the margins
of the groove along its under surface gradually unite from the primitive urethral

orifice behind, as far forwards as the glans, so as to complete the long canal o£
the male urethra, which is therefore a prolongation of the urogenital sinus. This
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is accomplislied about the fifteenth, week. "When this union remains incomplete,

the abnormal condition named liypospaclias is produced. In the meantime the

j^repicce is formed, and, moreover, the lateral cutaneous folds also unite from
behind forwards, along the middle line or raplie, and thus complete the scrotum,

into which the testicles descend in the course of the eighth month of foetal

life, as before described.

The corjiora cavernosa, which are at first separate, become united in their

distal portions in both sexes ; but the corpus spongiosum urethr£e which is also

originally divided in all embryoes, and in the female remains so in the greater

part of its extent, becomes enlarged in the male in the glans penis, and its two
parts united mesially both above and below the urethra, so as to enclose the whole

of that tube from the bulb forwards to the glans.

TYPE OF DEVELOPMENT AND ABNOBMAL FOBMS.

The type of development in the several parts of the genital organs may be

stated to difEer in the two sexes as follows, viz. :

—

1st. In the external organs it is single and homological. 2nd. In the middle

organs or passages it is double and heterological. 3rd. In the productive organs

it is single and homological as regards the productive elements, but with some
difference of the sources from which the containing capsules of the ovary or tubes

of the testicle are respectively derived. This is illustrated by the table placed on

p. 911.

Accordingly the congenital malformations of the reproductive organs admit of

being distributed under the following divisions :

—

1st. Abnormal forms attributable to variations in the development of one or

more of the external organs in either sex, producing an approach to the form
of the other sex.

2nd, Forms refenible to variations in the development of the Wolffian or

Mlillerian ducts, so as to lead to the greater or less predominance of sexual

characters in a part or the whole of either of these passages inconsistent with

those prevailing in other parts of the system, or to the coexistence of both sets of

passages in whole or in part.

3rd. Extremely rare forms referrible to the possible coexistence of the produc-

tive parts of testicles and ovaries in the same individual, which may be combined
with more or less of the foregoing kinds of malformation.

As an example of this last form reference may be made to the case described

by Heppner, of St. Petersburg, in which microscopic examination showed the

presence of small ova in Graafian follicles in the one pair of bodies and of semi-

niferous tubes and spermatic cells in the other. (No. 334.)

Upon the subject of Hermaphroditism consult Simpson (No. 833).

MALPOBMATIONS IN GENEBAL.

In the preceding pages we have frequently had occasion to refer to the rela-

tion subsisting between the natural development of organs and their abnormal
conditions or malformations. There can be no doubt that a considerable number
of congenital malformations, more especially those of the nature of defect,

whether by non-formation or deficient growth of the parts in which they occui

or by want of union between those which naturally fuse together, as well as

many abnormal conditions depending on misplacement and altered form and
structure, may be attributed in some measure to an arrest of the process of

development, or a variation in some part of it, in the earlier stages of embryonic
life, and may therefore receive much illustration from the study of the natural

process of formation. But comparatively little light has yet been thrown by this

study upon the origin of that large class of malfonnations in which there is

redundance of parts, either by more or less complete duplicity of the whole body,

or by an increase in the number of individual parts. At the same time it is

obvious that, since in these as in all other malformations the histological and
morphological processes of development do not differ essentially in their nature
from the natural ones, but are only modifications and variations of them, the
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knowledge of the true nature of the abnormal structures must follow closely

upon our acquaintance with the natural processes of development.
Upon this extensive subject, which does not come within the scope of this work,

the reader is referred to the masterly Essay of Bischoff (No. 312), and other

treatises quoted in the Bibliography at p. 918.

Tabular scheme of the CoEEESPONDixa Paets of the genito-urinary

organs in the two sexes, and of their relation to their Embeyonal
ELEMEIfTS :—

Adult Female. Embrtokal. Adult Male.

I.—GERMINAL EIDGE.

Ova. 1. Germ-epithelmm Spermatic cellSi

Stroma of the ovary and Gra- 2. Deeper blastema with Wolf- Seminal tubes,

aflau follicles. flan stroma.

II.—MULLERIAN DUCTS.
(Ducts of Pronephros.)

Fimbriated Fallopian opening and 1. Anterior extremity Hydatid of BTorgagni,
occasional hydatids.

Fallopian tubes 2. Middle part Tubes extending from ther

uterus masculinus.
Vagina and uterus 3. Posterior single part Uterus masculinus or prostatic

vesicle.

Ill—WOLFFIAN BODIES (MESONEPHROS).

Smaller tubes of epoophoron, 1. Anterior segmental tubes. Vasa efferentia and coni vas-

Organ of Kosenmiiller (Paro- culosi of the epididymis,
varium.)

Paroophoron fWald.) 2. Posterior segmental tubes... Paradidymis (Wald.), organ of
Giraldfes, and vasa aberrautia.

Bound ligament of the uterus. ... 3. Ligament of the Wolffian Gubemaculum testis.

body.

IV.—WOLFFIAN DtrCTS.

Main Tube of the Epoophoron ... 1. Anterior and middle parts... Convoluted tube of the epididy-

mis.
Bucts of Gaertner, of some ani- 2. Posterior part Vas deferens and vesiculce

mals. seminales.

v.—METANEPHROS.

Kidney 1. Tubular portion Kidney,
Ureter 2. Duct Ureter,

VI.—GENITAL CORD AND SINUS UROGENITALIS.

Tissue uniting female urethra and 1. Substance surrounding geni- Prostate gland.

vagina. tal cord.

Female iirethra 2. Urinary pedicle. Prostatic portion of urethra
abo\'e vasa deferentia.

Ostium vaginae. Hymen 3. Confluence of genital with Verumontanum.
urinary parts.

Vestibule 4. Lowerpart Lower prostatic and membra-
nous part of \irethra.

Bartholin's Glands 5. Common blastema Cowper's Glands.

VII.—EXTERNAL ORGANS.
1.

—

Vascular parts.

Crura and corpus clitoridis «. Corpora cavernosa Crura and corpus penis.

Glans cUtoridis and vascular bulbs &. Corijora spongiosa Glans penis and spongy body.

2.

—

Integumental parts.

Preputium clitoridis n. On genital eminence Preputium penis.
Folds of nymphae 6. Lips of genital ridges Raphe below penis.
Mons veneris and labia majora ... c. Cutaneous wall Pubic eminence and scrotum.
Perineumof female, mth raphe... d. Transverse ano-genital band Perineum of male behind

scrotum, with raphe.
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Phil. Trans. 1878. [151.] Langhans. (i.) (Trabeculaj of placenta), in Arch. f. Gynaskol,

I., p. 317, 1870
;

(ii.) Arch. f. Anat. u. Physiol. 1878. [152.] Friedlander. Untersuch.

u. d. Uterus. Leipzig, 1870, and in Arch. f. Gynsek. Vol. IX. [153.] Winclder.

(Suhchorionic decidua.) Arch. f. Gyncekol. 1872. [154.] Matthews Duncan, i\i'&i\.m.

'Obstetr. Soc. 1872. [155.] En.gclmann. The Mucous Membrane of the Uterus. New-

York, 1875. [156.] Leopold. (Changes of Uterus during Pregnancy.) Arch. f.
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Jlenke and C. EeyMr. Stud. u. d. Entw. der Extrem. des Menschen (Gelenkflacheu)

AVien. Sitzungsb. 1874. \1QQ.'] E. Rosenherg. U. d. Entwick. der Wirbelsiiule, u. d.
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corde dorsale chez les vertebres superieurs. Arch, de Biol. 1880. [172.] F. A.

Dixey. (Terminal Phalanges. ) Proc. Roy. Soc. 1880.

Head and Face :—[173.] S. Eathlce (Visceral Arches). Okens Isis. 1825.
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'W'ion. 1880.
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AsDOMEisr {ahdo, I hide), regions and
viscera of, 588

Absorbents, 33, 201. See Lymphatics.
Accessory disk of muscle, 128
Acemilus (dim. of accrvus, a lieap)

cerebri, 327
Acini {acinus, a grape) of glands, 22S
Adenoid {6Zr)v, a gland ; elSoy, form)

tissue, 70
Adipose tissue, blood-vessels of, 75

development of, 75
distribution of, 73
Ij'mphatics of, 75
structure of, 73

Adventitia capillaris, 195
Afterbrain, 828
Agminated glands {arjincn, a troop), 214,

605
Air-cells, 514, 516, 518. /S'cc Lixngs.

epithelium of, 517
foetal state of, 517

Air-tiibes. Sec Trachea and Broxchi.
Ala cinerea (cinereus, ash-coloured),

291
vespertilionis (a bat's wing), 710

Alimentary canal, 544
abdominal portion of, 588
derelopraent of, 800, 878

Allantoic vessels, 767
Allantois (aWas, gen. aWavros, a sau-

sage), 766, 882
Alveoli (alveolus, a small hollow vessel)

of glands, 228
of lungs, 514, 516

epithelium of, 517
foetal state of, 517

of lymphatic glands, 211
mucous, 579
of mucous membrane, 235
salivary, 578
serous, 580

Alvcus, 361
Amnion, 765

false, 766
Amoeboid {amoeba, the animalcule inwhich

the movements were first noticed)

movements in cells, 5, 7
Ampullfe {amindla, a flask or bottle) of

Fallopian tubes, 713
of galactophoi'ous ducts, 723

Ampullee

—

continued.

of semi- circular canals, 446
vas deferens, 693

Amygdalpe {amygdala, an almond),
'
574

of cerebellum, 307
Amj'gdaloid tubercle, 345
Anastomosis {ava, through ; cno/xa, a

mouth), 184, 189
Anatomy, general, 1

Anisotropous {av, neg. prefix ; tVoTpoVos-,

of like character) substance, 126
Annectant (connecting) gj'ri, 337,

338
Annulus ovalis (oval ring), 483
Ansa (loop) lenticularis, 325, 355
Ante-prostatic gland, 681
Antigerminal pole of ovum, 732
Antihelix {avri, opposite ; helix'), 431
Antitragus, 431
Antrum (a cavity) pylori, 589
Anus, 619

development of, 884, 908
Aorta (probably from aprdw, I sus-

pend, and aopTTjp, a belt or strap

to hang anything to, from its ap-

parently suspending the heart),

development of, 865, 867, 870
orifice of, 489, 493

Aortic arches, 868
roots, 869
valve, 489
vestibule, 491

Apex cornu posterioris, 266
Aponeurosis {a.Tr6, from ; vevpoy, a string

or tendon), 56
Appendices epiploicse, 612
Appendix caeci vermiformis, 614

vesicce, 667
Aqueduct {aquo'ductus) of cochlea,

449
of Sylvius, 314, 315
of vestibule, 446

Aqueous humour, 429
Ai-achnoid (hpaxv-r), a spider or spider's

web) membrane, 371, 376
relation of, to cerebro-spinal nerves,

378
structure of, 378

Arachnoidal villi, 379
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Arbor vitse (from resemblance to the

shrub so-called) of cerebellum, 309
uterinus, 707

Arches, visceral, 815
Arciform fibres of the medulla oblongata,

287, 29s, 297
Arcuate fibres of medulla. Sec Aeciform

riBUES.
of tegmentum, 318

Areola of breast, 721
Areolae of bone, primary, 107

secondary, 107
Areolar {areola, a small open space)

tissue, 55
cells of, 66
distribution and arrangement of, 55
fibres of, 61

See also Connective Tissue.
Arrectores pili (erector muscles of hair),

249
4rteria centralis retinse, 421

thyroidea ima, 540
Arterial bulb, 852

division of, 865
Arteries, general anatomy of, 183

anastomoses of, 184
coats of, 185
development of, 867
distribution of, 183
epithelium of, 185
ganglia of, 189
lymi^hatics of, 189
muscular tissue of, 187
nerves of, 189
physical properties of, 184
sheath of, 184
small, structure of, 196
structure of, 184
tortuosity of, 184
vessels of, 170

Arteries or Artery, auditory, internal,

45i> 467
bronchial, 520
ciliary, 402, 406, 407
choroid, 351
deferent, 684, 697
hepatic, 624, 628, 630
pulmonary, development of, 865, 870,

888
distribution of, 518
orifice of, 485, 493
portion at root of lung, 505

renal, 656
spermatic, 696
splenic, 641.

Arytenoid {apvraiva, a pitcher or ladle)

cartilages, 522, 524
Aryteno-epiglottic f(5lds, 528
Association-fibres, 356
Atrium (a court before a house) of

auricles of heart, 482, 486
Auditory canal, external, 433

state of in infant, 434
vessels and nerves of, 434
hairs, 453

Auditory canal

—

continued.

nerve. See JSTerve, Auditoiiy.
vesicle, 848

Auerbach, plexus of, 1 74, 608
Auricle {auricula, the outer ear), 431
Auricles of heart, 482, 486, 494. Sec

Heart.
development of, 862, 864

Auricular appendix, 482, 486, 491
Auriculo-ventricular valves and groove.

See Heart.
Axial plate, 753
Axis-cylinder or -band, 140
Axis-ligament of malleus, 442

Bartholin's glands, 701
development of, 909

Basement membranes, 70
of glands, 223, 225, 229
of mucous membranes, 232
of serous membi'anes, 218

Basilar membrane, 455, 458
Basis pedunculi, 315, 316
Bicuspid {his, twice ; citspis, the point of

a weapon) teeth, 545, 547
Bile-duct, common, 626

ducts, aberrant, 633
commencement of, 631
structure of, 632
varieties of, 626

Bladder, gall, 625. See Gall-Bladder.
Bladder, urinary, 661

coats of, 665
connections of, 663
development of, 769, 897
female, peculiarities of, 661, 664, 665
interior of, 665
ligaments of, 663, 664
mucous membrane of, 668
orifices of, 665
position of, 661
sacculated and fasciculated, 667
size and shape of, 661
structure of, 665
vessels and nerves of, 668

Blastoderm (/SAao-rrfs, a germ ; SfptMc>,

skin), 19, 741, 747
inflection of layers of, 800
origin and constitution of layers of,

752
relation of layers of, to the develop-

ment of systems and organs, 751
relation of, to ovum, 759

Blastodermic vesicle, 19, 745
Blastomeres (/SAao-rJx, a germ

; fiepos,

apart), 18, 741
Blastopore {ir6poT, a pore), 759
Blastophere {arcpaipa, a ball), 740
Blood, 23

colouring principles of, 27
corpuscles of. See Corpuscles.
liquor or plasma of, 23
occasional constituents of, 32
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Blood

—

continued.

physical and organic constitution of,

23
Blood-islands, 36, 38, 198
Blood-vessels, general anatomy of, 183

development of, 197, 855, 861, S67
of limbs, origin of, S06

Sec the several organs and tissues

for the blood-vessels belonging
to them.

Body-cavity, 793
walls, development of, Soo

Bone, general anatomy of, 87
blood-vessels of, 100
cells of, 92
chemical composition of, 87
compact and cancellated, 88
formation and gro\vth of, loi

growth and absorption of, 114
lymphatics of, loi

marrow of, 98
minute structiu'e of, 88
nerves of, loi

periosteum of, 98
physical properties of, 87
regeneration of, 116

structure of, 88
specific gravity of, 87

Bones of ear, 439
development of, S54

Brachia of corpora quadrigemina, 319
Braiu. See Cerebuum and Excepha-

LOX.

blood supply of, 381
development of, 823
lymphatics of, 382
membranes of, 371

Braiu-sand, 327
Branchial {^pdyxta, gills) arches, S08,

815, 868
Breast, 721. See Maiisiary Glands.
Bronchi (^poyxos, the windpipe), 509

arrangement of branches of, 511
position at root of lungs, 505
structure of, 514
termination of, 514
vessels and nerves of, 514

Bronchia, 514
Bronchial tubes, 514

structure of, 516
Bronchioles {^poyxos, the windpipe, di-

minutive form), 514
Bruch, membrane of, 403
Brunner's glands, 605, 608
Buccal {hucca, the mouth) glands, 544
Bulb, arterial, S52

division of, 865
Bulbi vestibuli, 702
Bursee (^vpcra, a skin), 219
Bursa Fabricii, 884

pharyngea, 585

C^CUM {intestinum ccecum, the blind
gut), 611, 614

development of, 881

Calamus scriptorius (a writing pen), 290
Calcar avis (a bird's spur), 346
Calcification of teeth, 563
Calices {ccdix, a cup) of kidney, 651
Callus (lit. hard skin or rind), 116
Canal of cochlea, 449, 457

central, of modiolus. 449
of spinal cord, 268

semicircular, 446
spiral, of cochlea, 448

of modiolus, 449, 465
of epididymis, 692
of jSTuck, 684
of Petit, 425
of Schlemm, 399
of Stilling, 423
of Wirsuug, 637

Canaliculi, biliary, 632
in bone, 90
in cartilage, 79
in cement of teeth, 554
lachrymal, 385, 390
lymphatic, 58, 207

Canalis auricidaris, 862
hyaloideus, 423
membranaceous, 457
reunieus, 451, 457

Canals, Haversian, 89
Cancelli (spaces inclosed by boundaries,

like lattice-work) of bone, 88
Canine teeth, 546, 549
Canthi {Kavdvs, the corner of the eye), 385
Capillary {ca-pillns, a hair) blood-vessels,

183, 192
contractility of, 195
development of, 197
size of, 193
stigmata of, 194
structure of, 194

lymphatics, 204
Capsulse atrabiliariee, 643
Capsule, external, 352

internal, 324, 352
of Glisson, 625, 626
of Tenon, 391

Capsulo-pupillary membrane, 844, 847
Caput cfficum coli (blind head or end of

the colon), 614
coruu posterioris, 266
gallinaginis (woodcock's head), 67S

Cartilage {cartilago, gristle), 77
articular, 80
cells of, 78
chemical composition of, 79
costal, 81

development of, 84
elastic, 82

development of, 86
hyaline, 78

development of, 84
nutrition and regeneration of, 86
spongy, 82
temporarjr, 77
varieties of, 78
yellow, 82
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Cartilages of larynx, 522
arytenoid, 524
cornicula laryiigis, 524
cricoid, 523
cuneiform, 525
epiglottis, 525
thyroid, 522

ossification of, 526
structure of, 526

Cartilages of nose, 469
Cartilagines minores vel sesamoideiie,

.
469

. .

Cartilago triticea (like a grain of wheat),

526
Carmicula (dim. from caro, flesh) lachry-

malis, 386
Carunculai myrtiformes {myrtus, m5-rtle

;

forma, foi'm ; having the form of

myrtle-berries), 701
Cauda equina (horse's tail), 261

development of, 823
Cell-nucleus, division of, 12, 257

structure of, 9, 257
Cells, animal, 3

of areolar tissue, 66
of hone, 92
of cartilage, 78

division of, 85
chalice, 44, 232
changes in, during activitj^, 224
of connective tissue, 64

intercellular network of, 65
ground-plate of, 65

embryonic, origin of, 16, iS

of elastic tissue, 67
of fibrous tissue, 66
goblet, 44, 232
growth of, 21

gustatory, 567
of marrow, 99
migratory, 30
multinucleated, 16

multiplication of, il

nutrition of, 21

olfactory, 473
origin of, 16

of Purkinje, 312
striated, of glands, 4, 230
tactile, 161

vasoformative, 38
See also various Organs and

Tissues.

Cellular sheath of nerve, 151
tissue, 56

Cement of teeth, 550, 554
development of, 560

Central cells of gastric glands, 594
Centro-acinar cells, 638
Centrum ovale minus, 342

of Vieussens, 342
Cerebellum (dim. of cerebrum, the

brain), 305
arrangement of grey and Avhite

matter of, 309
blood supply of, 381

Cerebellum

—

continued.

commissural fibres of, 314
cortical grey matter of, 311
course of fibres in central white

substance of, 313
development of, 823, 824, 829
fissures of, 306
folia of, 306
hemispheres of, 305
internal structure of, 309
lobes of, 306. See Lobes.
middle crus of, 299
minute structure of, 311
peduncles of, 299, 310, 313
position of, 280
size of, 306
weight of, 384

Cerebral rudiments, 825
vesicles, 819, 823, 824, 828

parts of brain formed from, 828
Cerebro-spinal axis or centre, general

anatomy of, 137
development of, 818
special anatomy of, 259

fluid, 259
nerves. See Nerves.

Cerebrum (the brain), 329
blood supply of, 381
base of, 327
convolutions of, 333. Sec Convo-

lutions.
relations of, to cranial sutures^

342
commissures of, 318, 321, 342, 353,

363
development of, 819, 823, 832
external conformation of, 329
fibres of, peduncular, 354

transverse or commissural, 355
longitudinal or collateral, 355

fissures and furrows of, 331, 338.
See Fissures and Sulci.

relation of to cranial sutures, 341
ganglia of, 351

structure of, 353
grey matter on convoluted surface

of, 356
hemispheres of, 329
internal parts of, 342
intimate structure of, 354
layers of cells in cortex of, 359
lobes of, 331. See Lobes.
measurements of, 3S3, 384
peduncles or crui'a of, 315
ventricles of, 384
white matter of, 354

Cerumen {ccra, wax), 631
Cervix cornu posterioris, 266

penis, 671
uteri, 706

Chalice-ceUs (iiv\i^, a goblet), 44, 232
Chambers of eyeball, 429
Cheeks, 544
Chiasma (x^dC^, I mark Avith the letter

X), 328, 363
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Choance {xoavrj, a funnel-shaped hollow)

narmm, 583
Chondrin (xo^Spos, cartilage), 84
Chorda dorsalis, 749, 790, 796
Chorda tyinpani, 445
Chords tendinese, 485, 486, 4S9
Chorion {xopiov, the investing membrane

of the fcetiis), 770
connection of embryo with, 775

Choroid plexuses, 350
of fom'th ventricle, 290
of lateral ventricle, 344, 350
of third ventricle, 323, 350

coat of the eye, 400
development of, 847
nerves of, 402
vessels of, 407

Choroidal fold or fissure, 843
Chyle (xCAos, juice), 34

molecular base of, 34
Cicatricula (dim. of cicatrix, a scar), 746
Cilia {cilium, an eyelash), eyelashes, 388

vibratile, action of, 52
size of, 51

Ciliary ligament, 404
motion, cause of, 54

effect of reagents on, 53
muscle, 404

development of, 848
processes, 401, 403

Cingulum (a girdle), 356
Circulation of blood, foetal, S74

changes in, at birth, 876
Circulus articuli vasculosus, 84, 222

major and minor of iris, 406, 407
venosus of nipple, 724

Clarke's column, 273
Claustral formation, 359
Claustrum (that which shuts off), 352, 354
Clava (a club), 287, 293
Clitoris («\6iTopis, perhaps from KAeiw, I

enclose), 699
development of, 909
erector muscles of, 700
vessels and nerves of, 703

Cloaca (a common sewer), 882
division of, 908

Cochlea (koxAos, a spiral shell), 448
canal of, 457
development of, 851
measurement of parts of, 467
membranous, 455
nerves of, 465
vessels of, 467

Cohnheim's areas, 122
Colliculus (dim. of collis, a hill) bulbi

urethras, 675
nervi optici, 409
seminalis, 669, 678

Coloboma {koXoPScd, I maim ; a deficiency

in any part) iridis, 844
Colon {ku>\ov, originally limb, the great

gut), 611, 615
development of, 881
position of, 615

Colostrum, 724
Coloured lines in enamel, 553
Columella cochlece, 449
Columna nasi, 468
Columnte Bertini, 650

carneje, 485, 48S
rugarum, 704

Column or Columns, ganglionic or vesi-

cular, 271
of anterior cornu, 272

Clarke's, 273
of iiitermediolateral tract, 273
posterior median, 279, 287
posterior vesicular, 273
of rectum, 619

Comes (a companion
;

pi. comitcs), 189
Commissure (union) or commissures cere-

bral, anterior, 353
great, 342
inferior, 363
middle or soft, 321
posterior, 318, 321

optic, 328
of spinal cord, 265, 274, 275

Conarium {comes, the fruit of the fir), 326,
Conario-hypophysial tract, 832
Concha {Koyxv, a shell), 431
Cone-fibres of retina, 415
Cone-granules of retina, 415
Cones of retina, 416
Conglobate [con, together ; glohus, a

ball), glands, 208
Coni vasculosi, 692

development of, 907
Conjunctiva {con, together ijungo, I join),

3SS, 388
Connective tissue, 55

arrangement of fibres in, 61

blood-vessels of, 68
cell spaces of, 58

relation of lymphatics to, 205
corpnscles of, 64
development of, 70
elastic fibres of, 59
epithelioid, 70
epithelioid cells of, 66
ground substance of, 58
homogeneous, 70
jelly-like, 69
lymphatics of, 68
mucous, 69
nerves of, 68
white fibres of, 59
regeneration of, 72
retiform, 70

Contraction, fixed waves of, 128
Conns arteriosus, 485

meduUaris, 263
Convolutions {co7i, together ; volvo, I

roll) of cerebrum, 333
angular, 337
annectant, 337, 338
of corpus callosum, 340
dentate, 340, 361
development of, 835
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Convolutions

—

contlmied.

frontal, 325
inframargiiial, 338
of island of lleil, 333
marginal, 339
occipital, 337
occipito-temporal, 337, 340
orbital, 336
parietal, 336
supramarginal, 337
temporo-splienoidal, 338
uncinate, 340

Corium (skin) of skin, 239
blood-vessels and lymphatics of,

242
nerves of, 242
structure of, 239

of mucous membrane, 232
Cornea {corncus, borny), 394

development of, 847
vessels and nerves of, 399

Corneal corpuscles, 395
tubes of Bowman, 397

Cornicula laryngis, 524
Cornu Ammonis (from its resemblance to

tbe liorns on the statue of Zeus-

Ammon), 345
formation of, 359
structure of, 360

Cornua of lateral ventricles, 344
of spinal cord, 266

Cornucopia (horn of plenty), 29

1

Corona glandis, 671
radiata, 354

Coronary sinus, 484
Corpora albicantia (white bodies), 322, 327

development of, 834
formation of, 348

Corpora amylacea (cifivKov, starch), 271
Corpora cavernosa clitoridis, 700

penis, 671, 672
Corpora geniculata {genu, a knee), 319,

324, 326
blood supply of, 381

Corpora mammillaria {mammilla, a teat),

327
Corpora quadrigemina (four), 319

blood supply of, 381
development of, 829

Corpora striata, 344, 351
development of, 832
minute structm-e of, 353

Corpus Arantii, 490
Corpus callosum {callosus, hard or thick),

342
development of, 834
peduncles of, 343
fillet of, 356 '

Corpus cavernosum penis, 671, 672
Corpus dentatum of the cerebellum, 309,

313
of olivary body, 295

Corpus Highmori, 687
Corpus luteum (yellow), 717, 739

structui'e of, 720

Corpus restiforme [restis, a rope), 287
Corpus spongiosum urethrse, 671, 675
Corpus subthalamicum, 326
Corpuscles of blood, red, 24

development of, 36
effect of reagents on, 26, 28
modifications in form of, 26
nucleated, origin of, 36
nucleated of lower animals, 27
proportion of, in blood, 23
rouleaux of, 25
shape and size of, 24
structure of, 26
variations in colour of, 25

colourless, 29
action of reagents on, 32
development of red from, 37
division of, 31
general characters of, 30
source of, 34
vacuolation of, 30

of bone, 92
of chyle, 34

source of, 34
concentric, of Hassall, 543
of connective tissue, 64
corneal, 395
genital, 164
of Grandry, 161, 171
of lymph, 33

source of, 34
Malpighian, of spleen, 642
of muscle, 123
tactile, of birds, 171

ofMeissner, 161,243
thjTuus, 542

Corpuscula tactus, 162
Corti, organ of, 461
Costo-eolic ligament, 727
Cowper's glands, 680

development of, 909
Cranial flexures of embryo, 802, 81

1

Cranium, development of, 809
Cremasteric (/cpe^ow, I suspend) fascia,

682
Crico-arytenoid articulations, 527

ligament, 528
muscles, 533

Cricoid {kp'lkos, a ring) cartilage, 522, 523
Crico-thyroid articulations, 527

membrane, 526
Crista acustica, 451, 453

urethrse, 678
vestibuli, 446

Crura ad cerebrum, 310
ad medullam, 311
ad ponteni, 311
cerebri, 315

blood supply of, 38

1

of clitoris, 700
of fornix, 347, 348
of penis, 672

Crus breve of incus, 440
longum, 440

Crusta pedunculi, 315, 316
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Crusta petrosa, 550, 554
formation of, 560
perforating fibres in, 96

Cryptorcliismua {KpiirTw, I conceal

;

opxis, a testicle), 443
Crypts of Lieberkiihn, 605, 613
Cuneiform (cuneus, a wedge) carti-

lages, 525
Cupola, 449
Cupula (a vault) terminalis, 455
Cuspidate {cuspis, the point of a weapon)

teeth, 546
Cuticle (dim. of cutis, the skin), 236

of enamel, 554, 560
Cuticula dentis, 560
Cutis vera (true skin), 239. Sec CoEiuM

and Skin
Cuvier's ducts, 872, 873
Cystic {icvcTTis, a bladder) duct, 626, 634

Daetos {SdpTos, the skin of scrotum) 6S3
fibres of, 135

Decidua, enclosure of ovum in, 776
formation of, 776
penetration of, by chorionic villi,

780
reflexa, serotina, and vera, 777
separation of, at birth, 786
vascular changes in, 778

Decussation {decusso, I cut cross-wise) of

pyramids, 289
Deiters, cells of, 464
Dental arches, 544

glands, 561
groove, 555
papiUffi, 556

w^v, 550
sac, 556, 557

Sec also Teeth.
Demours, membrane of, 397
Dentine [dens, a tooth), 550

formation of, 558
of repair, 564
secondary, 564

Dentinal tubules, 550
sheath, 551

Derma {Sepfia, skin), 239
Dermic coat of hair follicle, 247
Descemet, membrane of, 397
Development of extra-embryonic parts,

763
of ovum in general, 747

special history of, 763
of systems and organs of embryo, 786
of the several organs and tissues

See under these.

Diaphragm, development of, 882
Diencephalon (Sia, between ; ivK'4(pa\ov,

the brain), 828
Digestion, organs of, 544
Digital fossa of tunica vaginalis testis,

684
Diploe (SjttaJo?, doiible), 88

Discus proligerus {loroles, progeny
; gcro,

I bear), 717, 718, 732'

Disdiaclasts [Us, twice ; Sia/cAao!, I

break), 127
Diverticiilum (from diverio, I turn aside),

of ileum, 610
Division of nucleus, tabular arrangement

of phases of, 16
Dorsal ridges, 749
Douglas, pouch of, 727
Diict or Ducts, of Bartholin, 577

biliary. See Bile-Ducts.
of Cuvier, 4S0, 872, S73
cystic, 634
of Gaertner, 721, 906
of glands in general, 237
hepato-cystic, 626
nasal, 390
of Eivini, 577
segmental, 891
thoracic, 33, 204

Ductus arteriosus, 871, 875
closure of, 876

cochlearis, 457
communis eholedochus, 626
venosus, 872, 875, 886

fissure of, 623
vitello-intestinalis, 880

Diiodenum (diiodeni, twelve ; from being
twelve fingers' breadths in length),

599, 608
connections of, 609

Dura mater, 371
nerves of, 374
relation of, to cerebro-spinal nerves,

372
structure of, 373

Duverney, glands of, 701

Eae, anatomy of, 430
development of, 848
external, 430
internal, 446. See Labyrinth.
middle, 434. See Tympanum.
small bones of, 439

Ear-wax, 434
Ectoderm (e/crJy, without ; Sepfxa, skin),

19, 752
Ectomere (/uepos, a part), 19
Ectostosis {offTiov, a bone), 105
Ejaculatory ducts, 696
Elastic fibres, 59

transverse striation of, 61
tissue, 57

arrangement of fibres in, 63
blood-vessels of, 68
cells of, 67
lymphatics of, 68
properties and distribution of,

57
Elastm, 61
Elements, structural, of the body, 2
Embryo, 731, note

first rudiments of, 786
flexion and torsion of, 802
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Embryology (efiPpvov, an embryo ; \6yos,

discom'se), 731
Embryonic area, 756

axis, direction of, 762
Eminentia cinerea, 291

collateralis, 339, 346
papillaris, 438

Enamel, 550, 553
formation of, 559

Enamel-columnSj 553
cuticle, 554, 560
germ, common, 555

special, 556
membrane, 560
organ, 559

Encephalic vesicles, 819, 823, 824
parts of brain formed from, 828

Encephalon (iy, in ; KecpaXri, the head), 280
blood supply of, 381
development of, 823
size and weight of, 382
specific gravity of, 384

See Ceeebeum, Cerebellum,
Medulla and Poifs.

End-bulbs of nerves, round and cjuin-

drical, 161, 169, 243
' structure of, 170
relation of, to Pacinian and tactile

corpuscles, 170
Endocardium {ivSov, witloin ; KapSla, the

heart), 493, 500
Endochondral (x^ySpos, cartilage) bone,

"3
Endogenous {yevvdco, I produce) formation

of cells, 15
Endolymph {lympha, water), 449
Endomysium (.uCs, muscle), 118
Endoneurium {vivpov, nerve), 152
End-organs, tactile, 161
Endostosis {ocrreoj/, a bone), 105
Endothelium (drjXv, papilla), 41
End-plates, motorial, 175
Entoderm (ivrSs, within ; Sep^a, skin),

19, 752
Entomere (fi^pos, a part), 19
Eparterial branch of right bronchus, 511
Epencephalon {^ni, on ; iyKecpa\ov, the

brain), 828
Ependyma (eVSu^ta, clotliing) of ventricles

of brain, 302, 324
Epiblast {^KasTos, a govm), 19, 21, 750
Epidermis (S'epfxa, the skin), 236

nerves of, 238
formation and growth of, 238
regeneration of, 239
structure of, 237

Epididymis (oiSufios, a testicle), 685
canal of, 692 -

development of, 907
relation of Wolffian body to, 907

Epiglottis, 525
tubercle or cushion of, 529

Epineurinm {vevpov, nerve), 151
Epiotic (eVi, on ; ovs, gen. ojto?, the ear)

centre of ossification, 810

Epiphysis cerebri, 831
Epithelioid (epithelium ; elSoy, form) cells

of connective tissue, 66
Epithelium (eTri, on ; StjA-/?, papilla), 40

ciliated, 45, 258
distribution and use of, 48
structure of, 50, 258

columnar, 43
striated border of, 44

cylinder, 43
classification of, 42
general structure of, 41
glandular, 45
nerve-filaments in, 41
nutrition of, 21

pavement, 43
situations of, 40
scaly, 43
spheroidal, 45
stratified, 46

distribution of, 47
tessellated, 43
transitional, 47
of organs. Sec the Various Organs.

Epoophoron (eVj, on ; w6v, an egg; <pop4u,

I bear), 906
Ergot {Fr., a spur), 346
Eustachian tube {tuba, a trumpet), 43S

development of, 812, S53
valve, 484, 875

development of, 865
Eye, anatomy of, 385

appendages of, 385
development of, 841
globe of, 390

Eyeball, 390
coats of, 391

Eyelashes, 388
Eyelids, 385

development of, 848
unstriped muscle of, 387 •

Eye-teeth, 547
Extra-embryonic parts, development of,

763

Face, development of, 811

Falciform [falx, a sickle or scythe) liga-

ment of liver, 623
lobe of brain, 341

Fallopian tubes, 705, 713
development of, 905
vessels and nerves of, 720

Falx cerebelli, 373
cerebri, 330, 373

Fascia (a band), 56
cremasteric, 682
dentata, 340, 361
infundibuliform, 683
intercolumnar, 682
propria, 6S3
spermatic, 6S2
transversalis, 683

Fascice, development of, 806
structure and uses of, 56
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Fasciculus, inferior longitudinal, 356
uncinate, 356

Fat, absorption of, by intestinal villi, 604
deposition of, in cells, 8, 75
development of, 75
distribution of, 73

Fauces (tlie throat), 544
Fenestra (a Avindow or opening) ovalis,

436
rotunda, 437

Fenestrated or perforated membrane, 60,

186, 196
Fibr?e rectic of medulla oblongata, 297
Fibrin {fibra, a fibre) of blood, 23
Fibre-cells, contractile, 133
Fibres, arciform or arcuate, 287, 295, 297
Fibres, arrangement of, in areolar tissue,

61

in elastic tissue, 63
in fibrous tissue, 62

Fibres, elastic, 59
nucleoplasniic, 9

in cell division, 1

1

in maturation of ovum, 17
white, 59

Fibrils in protoplasm, 4
Fibro-cartilage, 82

enumeration of different forms of,

83
Fibro-serous membrane, 215
Fibrous cone, 354
Fibrous tissue, arrangement of cells in,

66
arrangement of fibres in, 62
blood-vessels of, 68
distribution of, 56
l3^mphatics of, 68
nerves of, 68
physical properties of, 56

Fillet, 318
of corpus callosum, 356

Filum terminale, 259, 263
Fimbria (a fringe), 346, 348, 361
Fimbriie of Fallopian tube, 713
Fissures of cerebellum, 306

of cerebrum, calcarine, 338
collateral, 339
dentate, 338
development of, 836
hippocampal, 338
longitudinal, great, 330
pai'ieto-occipital, external, 333

internal, 339
relation of, to cranial sutures,

341
of Sjdvius, 331

relation of, to cranial

sutures, 342
transverse, 349
See also Sulci of Braix.

of liver, 623
of lungs, 504
of medulla oblongata, 28

1

of Santorini, 432
of spinal cord, 264

Flexures of colon, 615, 616
cranial, of embryo, 802, 811

Flocculus (dim. of Jioccus, a flock of
wool), 307

Fcetus, 731, note

Folia of cerebellum, 306
Folium cacuminis (of the tip), 307
Follicles (/(jMiCTiZtis, dim. oifollis, a bag),

234
Fontana, spaces of, 398
Foramen c£ec\im of medulla oblongata,

281
of tongue, 565

commune anterius, 348
of Majendie, 290
of Monro, 322, 348
ovale of heart, 483, 865, 874

closure of, 865, 877
vestige of, 487

of Winslow, 727
Foramina of Thebesius, 484
Forceps major of corpus callosum, 344,

346
Fore-brain, 823, 832
Fore-gut, 879
Foreskin, 671
Formatio i-eticularis, 292, 296, 297
Fornix (an arch or vault), 344, 347

bulbs of, 327
development of, 834

Fornix of conjunctiva, 385
Fossa (a trench) of antihelix, 431

of gall bladder, 622
of helix, 431
navicular, of urethra, 680

of vulva, 699
ovalis of heart, 483
rhomboidalis, 290
scaphoidea, 431
triangularis, 431
of vena cava, 623

Fossa; on liver, 622, 623
nasal, 470

Fovea (a pit) centralis, 409, 420
liemielliptiea, 446
hemispheiica, 446
inferior of fourth ventricle, 291
ovalis, 483
superior of fourth ventricle, 304

Frjena (pi. of frccmcm, a bridle) of ileo-

ceecal valve, 615
of lips, 544
synovial, 219

Frajnulum pudendi, 699
veli, 318

Frcenum epiglottidis, 565
lingufe, 565
of prepuce, 67

1

Fronto-nasal plate, 811, 812
Funiculus, cimcate (wedge-shaped cord),

287, 298
gracilis, 287, 298
lateral cuneate, 287
of nerve, 150, 152
of Rolando, 287, 292, 298
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Euniculus

—

continued.

sclerre, 394
teres, 293

Fivrrowed baud, 308

CrAERTNEE, duct of, 72 1, 906
Galactophorous {7aAa, milk ; <popiw, I

carry) dnc.t, 723
Gall-bladder, 625

development of, 885
structure of, 634
varieties of, 626

Ganglia (7077^10;', a swelling), general
anatomy of, 137, 155

situations of, 155
structure of, i ; 5
connection of nerve-fibres with,

156
on arteries, 189

Ganglia of cei'ebral liemisplieres, 351,

353
Ganglion, basal optic, 327

of liabenula, 326
spirale, 465

Ganglion-cells, 145, 156. Sce&\so Nerve-
cells.

connections of nerve-fibres with,

157
Ganglionic columns of spinal cord, 271

layer of retina, 411
Gastric {yacTT-fip, the stomacli) glands,

593
Gastro-phrenic {4>p^v, the diaphragm)

ligament, 727
Gastro-pneumonic (irvevixcav, the lungs)

mucous membrane, 231
Gststro-splenic {(nrKi)v, the spleen) liga-

ment or omentum, 727
Gelatin, 84
Generative organs, abnormal forms of,

910
development of, 889, 897
external, development of, 909
corresponding embryonal and per-

manent parts of, 911
tj'-pe of development of, 910. Sec

also Eeproductive Organs.
Genital cord, 897

parts formed from, 911
nerve-corpuscles, 164
passages, female, development of,

904
male, development of, 906

ridge, 894, 898
parts formed fi'om, 911

Genito-urinary aperture, 908
mucous membrane, 231
organs, 911 '

development of, 889
external, development of, 895

Geniculate body, inner, 319, 326
outer, 324, 326

Genu (knee) of corpus callosum, 343
Germ-epithelium, 894, 898, 899, 901

of ovary, 716, 718

Germinal matter, 10
membrane, 741, 747
pole, 732
spot or macula, 17, 732, 734
vesicle, 17, 732, 734, 73S
wall, 748

Giant-cells, 115
Gingiva (gums), 544
Giraldes, organ of, 694, 721, 908
Glands, agminated, 605

arterial, 197
of Bartholin, 701
of Brunner, 605
buccal, 544
carotid, 197
coccygeal, 197
conglobate, 208
of Duverney, 701
labial, 544
lachrymal, 389
lingual, 570
lymphatic, see Lymriiatic Glands.
Meibomian, 387
inolar, 544
mucilaginous, 219
palatine, 573
parotid, 574
of Payer, 605
salivary, 5 74. See Salivary Glands.
sebaceous, 256
secreting, general anatomy of, 223

acini of, 228
alveoli of, 228
cells of, 223, 224
compound, 226, 235

racemose, 226, 227
saccular, 226
tubular, 226, 229

ducts of, 227, 229
envelope of, 229
formation of, 225
forms of, 226
intercellular canals of, 228
lobules of, 227
lymphatics of, 229, 203
nerves of, 229
reservoirs of, 229
simple, 226, 235

solitary, of small intestine, 605
submaxillary, 576
sudoriferous, 252

Glandula lachrymalis inferior, 389
socia parotidis, 575

Glandulse ceruminosa", 434
odoriferjE, 671
Pacchionii, 379

Glans (an acorn) clitoridis, 700
penis, 671

Glisson's capsule, 625, 626
Globus major and minor of epididymis,

686
Glomerulus (dim, of glomus, a clue of

thread) of kidney, 657
Glosso-epiglottic {yAwa-a-a, the tongue

;

epiglottis) folds or frjEnula, 565
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Glottis {-yXooTrts, the mouth-piece of a

wind instrument), 528
Glycogen (yXvKvs, sweet ;

yefvdw, I pro-

duce) in cartilage-cells, 78, 84
in liver-cells, 631

GoMet-cells, 44, 232
Goitre, 540
Graafian follicles, 716

enclosure of ova in, 903
formation of wall of, 903
maturation of, 731
structure of, 718

Grandry, corpuscles of, 171

Granular cells of Graafian follicle, 903
layer of dentine, 553

Granule layer of cerebellum, 312
Granules in protoplasm, 4

streaming movements of, 6
Gristle, 77. "Sce Cartilage.
Ground-plate of connective tissue cor-

puscles, 65
Ground-substance, 2

of connective tissue, 58
Gubernacular (guberno, I guide) cord,

908
Gubernaculum testis, 898
Gullet, 5S5. Sec (Esophagus.
Gums, 544
Gustatory {gusto, I taste) cells, 328
Gyri {yvpis, a ring) of brain, 333. See

Convolution.
Gyrus, angular, 337

fornicatus (arched convolution), 340,

356

HiEJiATOBLASTS {oujxa, blood ; PAacrrSs, a

germ), 32
development of red corpuscles from,

38
Hfemin, 27
Htemoglobin, 26

crystals of, 27
Hfemoglobinometer, 27
Hairs, general anatomy of, 245

cuticle of, 246, 248
development of, 249
distribution of, 252
ending of nerve-fibres in, 249
follicles of, 247
growth of, 252
medulla or pith of, 246
muscles of, 249
regeneration of, 251
root of, 246
stem of, 245

Hair-cells in semicircular canals, 454
in cochlea, 462, 463

Hair-follicle, 247
Hair-papilla, 249
Hamulus (dim. of Juimiis, a hook) of

cochlea, 449
Haversian canals, 89

formation of, 112
fringes, 219

Haversian

—

continued.

lamellcC, 96
spaces, 95
systems, 92

Head, development of, 807
morphology of, 818

Heart, 480
apex of, 488, 493
atria of, 482, 486
auricles of, 482

capacity of, 501
development of, 862, 864
fibres of, 494
left, 486
position of, 491
right, 482
septum of, 483

auricular appendices of, 482, 4S6
blood-vessels of, 498
bone of, 493
capacity of, 501
cavities of, 482
development of, 855, 857, 861
fibro-cartilage of, 493
fibrous rings of, 493
fibrous tissue of, 493
furrows of, 482
ganglia of, 498, 499
lining membrane of, 500
lymphatics of, 498
margins and borders of, 4S2
muscvdar fasciculi of, arrangement

of, 494
nerves of, 498
openings of, aortic, 489, 493

auriculo-ventricular, left, 487,

489
right, 484, 485

of cardiac veins, 484
of coronary sinus, 484
of pulmonary artery, 485

veins, 487
relations of, to wall of thorax,

493
tendinous rings of, 493

position of, 481, 491
serous coat of, 480, 499
size and weight of, 500
sinus venosus of, 482, 486
structure of, 493, 498
valves of, auriculo-ventricular, left,

489
right, 485

development of, 866
Eustachian, 484

development of, 865
mitral or bicuspid, 489
sigmoid or semilunar, left, 489

right, 486
Thebesian, 484
tricuspid, 485

veins of, 484
ventricles, capacity of, 501

development of, 862
fibres of, 495

3 o
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Heart, ventricles of

—

continued.

left, 488
position of, 491, 493
right, 485
septum of, 485, 488
vortex of, 495

Heat-rigor, 7
Helicine (eA.i|, a spiral) arteries, 675
Helicotrema {rprnxa, a. liole), 448
Helix, 431
Hemisphere vesicle, 832
Henle, sheath of, in nerves, 153

fenestrated membrane of, 68, 186

Hepatic {fiirap, the liver) artery, 624, 630
cells, 631
duct, 625
lobules, 627
veins, 625, 630

Hepato-cystic {rfrrap, the liver ; Kicrris, a

bladder) ducts, 626
Hepato-gastric omentum, 728
Hepato-renal ligament, 727
Hilus (hilum, the mark or scar on a bean)

of kidney, 649
of Ij'mphatic glands, 210
of ovary, 714
of spleen, 639
of suprarenal capsules, 643

Hind-brain, 823
Hind-gut, 882
Hippocampus (after the fish of that

name) major, 345
grey matter of, 346
structure of, 360

minor, 346, 347
Histogenesis (IffrSs, a tissue ;

yfvudca, I

produce), relation of, to the layers

of the blastoderm, 21
Histology, I

Holoblastic (SXos, whole; jSAatrrcJs, a

germ) ova, 733
Houston, folds of, in rectum, 619
Howship, pits of, in bone, 115
Hyaline {vaXos, glass) cartilage, 78

coat of hair-follicle, 247
Hyaloid membrane, 422, 423

development of, 848
Hydatids of Morgagni, 686, 907
Hymen {vfiriu, a membrane), 701

development of, 909
Hyoid arch of embryo, 815
Hyo-mandibular cleft, 816
Hypoblast (uttJ, under ; fi\aar6s, a germ),

I9>2i, 751
Hypophysis {vtt6, under ; (piu, I grow)

cerebri, 328, 831
Hypospadias (vir6, under ; a-irdai, I draw

out), 910

Ileo-c^ecal, or ileo-colic valve, 614
Ileum {ei\4a), I roll), 599, 610. See In-

testine, SMALL,
diverticula of, 610

Impresbio coliea, 622

Impressio

—

contimiad.

duodenalis, 622
renalis, 622
vesicalis, 622
suprarenalis, 622

Incisor teeth, 545, 549
eruption of, 560, 563

Incremental lines of dentine, 552
Incus (an anvil), 440

ligament of, 442
origin of, 817

Infundibula (funnels) of lungs, 515
of kidneys, 651

Infundibulum of brain, 322, 327
of heart, 485

Infundibuliform fascia, 683
Inguinal {inguen, the groin) canal, 681

pouches of peritoneum, 727
Inter-brain, 830
Intercellular substance, 2

of connective tissue, 5S
Tntercolumnar fascia, 682
Interglobular spaces in dentine, 552,

559
Intermediate cell-mass, 891
Intestine, large, 611

areolar or submucous coat of, 613
development of, 881
division of, 611
glands of. 613
length and extent of, 611
lymphoid nodules in, 613
mucous membrane of, 613
muscular coat of, 612
serous coat of, 612
structure of, 612
vessels and nerves of, 614

Intestine, small, 599
development of, 881
divisions of, 599
epithelium of, 43, 603
glands of, 604
lacteals of, 602, 607
length and extent of, 599
lymphatics of, 607
lymphoid accumulations in, 605
movements of, 600
mucous membiane of, 600
muscular coat of, 600
nerves of, 607
serous coat of, 599
structure of, 599
submucous coat of, 600
valvulae conniventes of, 600
vessels of, 606
villi of, 601

Inti"acellular network, 4
Intussusception of foreign particles, 6
Investing mass of Eathke, 807
Iris (ipiy, a rainbow), 404

development of, 848
muscular tissue of, 406
nerves of, 407
pigment of, 406
pillars of, 397

'^

4
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Iris

—

continued.

structure of, 405
vessels of, 406

Island of Reil, 333
Isotropous (iVoTpoVos, of like character)

substance in muscle, 126

Isthmus of Fallopian tube, 713
faucium, 544
of thyroid body, 538
uteri, 707
Vieussenii, 483

Ivory of teeth, 550. See Dentine.

Jacobson's Organ, 475
rudiments of, 815

Jaws, changes iu, during growth of

teeth, 563
Jejunum [jejunus, empty), 599, 610
Joints, development of, 806

Kakyokinesis (Kapvov, a kernel ; Kivr)<Tis,

movement), 16
Karyo-plasm, 9
Kidneys, 647

boundary zone of, 652
blood-vessels of, 656
connections of, 649
cortical substance of, 650
development of, 891, 896
excretory apparatus of, 650
hbrous coat of, 649
form of, 649
hilus of, 649
horse-shoe, 649
intertubular stroma of, 659
labyrinth of cortex of, 652
literature of, 659
lobulation of, 651
lymphatics of, 659
medullary rays of cortex of, 652

substance of, 650
muscular coat of, 650
nerves of, 659
papillre of, 650
pelvis of, 65

1

position of, 647
pyramids of Malpighi in, 650, 651
size and Aveight of, 648
sinus of, 650
structure of, 649
supernumerary, 649
tubules of, 651

course of, 652
structure of, 654

varieties of, 649
Krause's membrane, 128

Labia majora, 699
development of, 909

minora, 701
Labial {labium, the lip) glands, 544

Labyrinth (KaPipivBos, a maze) osseous,

446
development of, 850
membranous, 449

structure of, 451
Lachrymal apparatus, 389

canals, 390
development of, 848

gland, 389
sac, 390

Lacteals, general anatomy of, 33
plexuses of, in intestine, 607
relation to villi, 602

Lacuna magna, 680
Lacunse in bone, 90

formation of, 105
in crusta petrosa, 554

Lagena of cochlea, 853
Lamellae of bone, 90

apertures in, 92
decussating fibres of, 93
structure of, 92

Lamina ciuerea (grey layer), 322, 329
cribrosa (sieve-like plate) of sclerotic,

393
elastic, of cornea, 397
fusca, 401
involuted medullary, 361
quadrigemina, 315
reticularis, 464
spiral osseous, 449
suprachoroidea, 401

Lanugo (down), 251
Larynx {\dpvy^), 522

aperture of, superior, 528
cartilages of, 522
changes in, at puberty, 525
development of, 887
differences in, according to sex, 525
interior of, 528
laryngoscopic appearances of, 529
ligaments and joints of, 526
mucous membrane of, 536
muscles of, 531
nerves of, 538
pouches or saccules of, 528, 531
ventricles or sinuses of, 528, 531
vessels ;of, 538

Lateral plates of embryo, 793
rec(;ss of fourth ventricle, 290

Laxator tympani, 441
Lemniscus (a ribbon), 318
Lens (a lentil) crystalline, 425

capsule of, 428
development of, 847

changes in, with age, 428
development of, 841, 843, 846
epithelium of capsule of, 428
structure of, 426
suspensory ligament of, 424

Lienculi (little spleens), 639
Ligament, 66
Liganienta subflava, 57
Ligaments of bladder, 663, 664

of bones of ear, 441
3 2
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Ligaments

—

continued.

broad of uterus, 710
central of spinal cord, 259, 263
ciliary, 404
coronary, 623
costo-colic, 616, 727
crico-arytenoid, 528
crico-tliyroid, 526
falciform of liver, 623
gastro-phrenic, 727
gastro-splenic, 727
liepato-renal, 727
liyo-epiglottic, 525
lateral of liver, 623
of ovary, 710
palpebral, 387
peritoneal, 589
pleuro-colic, 616
pubo-prostatic, 669
round of liver, 623

of uterus, 710
spiral, 456, 460
suspensory of clitoris, 700

of crystalline lens, 424
of diaphragm, 502
of liver, 623
of penis, 671

tliyro-arytenoid, 527
thyro-epiglottic, 525
thyro-liyoid, 526
of uterus, 710

Ligamentum denticulatum, 37S
latum pulmonis, 502
nucliEe, 57
pectinatum iridis, 398
suspensorium (of bladder), 665

Ligula, 290, 304
Limbs, attitude and position of, diuing

development, 804
origin and formation of, 802

Limbus of spiral lamina, 457
luteus of retina, 409

Limiting membrane, external, of Brunn,

474
Linea splendens, 375
Lingula, 306
Lips, 544

development of, S13, 814
Liquor Cotunnii, 446

"
foUiculi, 717
Morgagni, 428

Literature of,

alimentary canal, development of,

917
blastoderm, 914
blood-corpuscles, 39
blood-vessels, 201

development of, 917
bone, 117
brain, 384
cartilage, 86
cells, 22
connective tissue, 72
development in general, 912
ear, 476

Literature of

—

contimicd.

embryology, general relations of,

913
epithelium, 54
eye, 429
Fallopian tube, 714
gi-avid uterus, decidua and placenta,

914
hairs, 257
head and face, development of, 915
heart, 501

development of, 917
intestine, small, 6n
kidney, 659
larynx, 538
liver, 634

development of, 917
lungs, 521

development of, 917
lymphatic system, 218
malformations, 918
mammary gland, 725
muscles, 136
nails, 257
nervous tissue, 182

system, central, developttient

of, 915
oesophagus, 588
ova, discharge of, 721
ovary, 721
ovum, 913
pancreas, 917
peripheral nerves, development of^

916
pituitary body, development of, 915
secreting glands, 230
sense-organs, development of, 916
skeleton, trunk and limbs, develop-
ment of, 915

skin, 257
spinal cord, 384
spleen, 643
stomach, 598
suprarenal body, 647

development of, 916
synovial membranes, 222
teeth, 565
testis, 699
tongue, 573
trachea, 521
lu-ethra and penis, 681
urinary bladder, 668
urogenital system, development of,

907
utero-gestation, human, 914
uterus, 714

Littre, glands of, 6S0
Liver, 620

accessory, 626
cells of, 631
coats of, 626
development of, S84
ducts of, 625
excretory apparatus of, 625
fissures of, 623
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Liver

—

continued.

fossffi on, 622, 623
impressions on, 622
ligaments of, 623
lobes of, 620, 622
lobules of, 627
lymphatics of, 633
nerves of, 625
position of, 623
size and weight of, 620
sx^ecific gravity of, 620
structure of, 626
siufaces of, 620, 621, 622
varieties of, 626
vessels of, 624, 628

Lobes of cerebellum, 306
antero-superior, 307
biventral, 307
central, 306
crescentic, anterior, 307

posterior, 307
posterior inferior, 307

;

quadrate, 307
slender, 307

of cerebrum,
central, 333
falciform, 341
frontal, 334
limbic, 340
occipital, 337
olfactory, 334
parietal, 336
temporo-sphenoidal, 338

of liver, 620, 622
of testis, 687

liobule of ear, 431
Lobules of cerebrum, cimeate, 339

lingual, 340
occipital, 339
parietal, 336
quadrate, 339

Lobulus Spigelii, 622
Locus coeruleus, 304

perforatus anticus, 330
perforatus posticus, 327

Lungs, 503
changes in, at birth, 507
colour of, 506
development of, 887
fissures of, 504
fcetal state of, 507
form of, 503
lobes of, 504
lobules of, 518
lymphatics of, 520
nerves of, 521
physical properties of, 50S
structure of, 516
surfaces and borders of, 504
vessels of, 518, 520

Lunula (dim. of luna) of naUs, 244
Lunulae of Gianuzzi, 580

of semilunar valves, 490
Lymph (lympha, water), 33

formation of, 34

Lymphatic system, general anatomy of,

201
development of, 877

ganglions, 208
glands, 208

blood-vessels of, 213
development of, 877
distribution of, 209
function of, 213
relation oflymphatic vessels to,

213
structure of, 210

hearts, 208
nodules, 213
tissue, 70
vessels, 33, 201

ati'erent and efferent, 209
anastomoses of, 201
capillary, 204
coats of, 203
development of, 208, 877
distribution of, 201
epithelium of, 203, 204
lacteal. See Lacteals.
orifices of, 216
origin of, 201

lacunar, 203
plexiform, 201
in serous cavities, 203

perivascular, 20

1

relation to cell-spaces of connec-
tive tissue, 205

structure of, 203
terminations of, 207
valves of, 204
vessels of, 204
of various organs and tissues.

See the Orgaks and Tissues.
Ljrmph-channel, 211
Lymph-sinus, 211
Lymph-spaces, 203 .

Lymphoid cells, 70
cords, 211
tissue, 70, 213

Lyra, 348

Macula acustica, 450
structure of, 455

germinativa (germinal spot), 734
lutea (yellow spot), 409, 420

Malleus (a hammer), 439
ligaments of, 441
origin of, 817

Malpighian corpuscles of spleen, 642
layer of skin, 237
pyramids of kidney, 650

Mammary {mamma, the breast) glands,

721
changes in epithelium of, 723
differences according to sex, 724
structure of, 723
varieties of, 724
vessels and nerves of, 724
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Mammilla (the nipple), 721
Mandibular {mandibula, a jaw) arch in

embiyo, 815
plates, 811

JMantle of hemisphere-vesicle, 832
Mannhrium (handle) of the malleus, 439
Marginal cells of salivary glands, 580
Margo acutus and obtusus of heart,

482
Man-ow, 98

development of red corpuscles in,

37
fojtal, no

Mastoid cells, 437
Matrix of cartilage, 78

formation of, 85
of elastic cartilage, 82
of fibro-cartilage, 83
nuclear, 9
of nails, 244

jMaxillary plates. Sir
Meatus auditorius externus, 433

of nose, 471
urinarius, 701, 703
venosus, 871

Meckel's cartilage, 817
Mediastinum {medius the middle ; sto,

I stand), 477
testis, 687

Medulla oblongata, 2S0
anterior area of, 284
anterior columns of, 289
blood supply of, 381
development of, 823, 825, 82S
external characters of, 280
fissures of, 281
internal structure of, 291 '

lateral area of, 284
lateral columns of, 288
limits and size of, 281

posterior area of, 284
posterior columns of, 286
pyramids of, 289
raphe of, 297

Medulla spinalis (spinal marrow), 259
Medullar}'- artery, 100

canal of bone, formation of, no,
"3

centre, 788
of cerebellum, 313

. of cerebrum, 354
groove, 789
plates, 749, 789
segments in nerve-fibres, 143
sheath of nerve-fibres, 141

chemical composition of, 144
rod-like and reticular structures

in, 143
spaces, 107
stria, 326
tube, 749, 790, 819
velum, superior, 304

inferior, 305, 308
Meibomian glands, 387
Meissner, plexus of, 608

Membrana adamantiuse, 560
flaccida, 436
fusca, 393
granulosa of Graafian follicles, 718,

900, 903
limitans, 410, 419
nictitans, 386
propria, 70

of glands, 223, 229
of mucous membranes, 232

tjTupani, 435
secondary, 437

Membranes of the brain and spinal cord,

371
mucous, serous, &c. See Mucoirs
AND Serous Membeanes.

Meninges (fi-hviyi,, a membrane), 371
Meroblastic [ixepos, a part ; fi\a(TT6s, germ)

ova, 732
segmentation of, 745

Mesencephalon (fj-eaos, middle ; ^-/K4<paKov,

the brain), 826, 829
Mesentery {ivrepov, intestine), 589, 725

development of, 880
Mesoblast, 19, 21, 751

Kblliker's views on, 757
origin of, 753, 754

Mesoblastic somites, 792
Mesocfecum, 589, 614, 725
Mesocolon, 589, 616, 725
Mesoderm (fieaos, middle ; Sepfia, skin),

19. 752
I
Mesonephros (v^ippSs, the kidney), 890
Mesorchium (opx^s, a testicle), 683
Mesorectum, 589, 618, 725
Metanephros (yuero, behind ; ve<pp6s, the-

kidney), 890, 895
parts formed from, 911

Metencephalon, 828
Meynert's views of the relations of parts

of nervous system, 370
Micro-millimeter, 467 note

Midbrain, 823, 829
Midgut, 886
Migratory cells, 30

of connective tissue, 66
pigment in, 77

Milk, 724
Milk-teeth, 549. See Teeth, teM"

PORARY.
Mitral valve, 489
Modiolus (the nave of a wheel), 448, 449
Molar glands, 544
Molar (mola, a mill) teeth, 547, 549
Molecular base of chyle, 39

movement of pigment granules, 77
Mons veneris, 699

development of, 909
Morsus dialjoli (devil's bite), 713
Mouth, 544

development of, 813, 883
Mucigen, 225, 579, 593
Mucilaginous glands, 219
Mucin, 44, 69
Mucin-cells of salivary glands, 580
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]\rucons alveoli of salivary glands, 579
Mucous membrane, general anatomy of,

231
attachment of, 231
basement membrane of, 232
blood-vessels of, 234
connective tissue of, 233
Gorium of, 232, 233
distribution of, 231
division of, 231
epithelium of, 232. Sec Epithelitjii.

folds and valves of, 231
glands of, 235. See (iLA>fDS.

lymphatic nodules of, 213
lymphatics of, 234
lymphoid tissue of, 234
muscular tissue of, 232, 233
nerves of, 234
papillse of, 234
physical properties of, 232
structure of, 232
villi of, 234

Mucous tissue, 69
Mucus, 235
Miiller, muscle of, 38S
MiiUerian duct, 89 1, 894

parts formed from, 894, 897, 904
fibres in retina, 418, 421

Multicuspidate {multus, many ; cusjpis,

a point) teeth, 548
Multiplication of cells, 1

1

endogenous, 15
Muscle-columns, 127
Muscle-plates in embryo, 132, 798
Muscle-prisms, 127
Muscle-rods, 124
Muscles, arytenoideus obliquus, 536

aryteno-epiglottidean, 536
arytenoid, 536
ciliary, 404
compressor urethrfe, 679
corrugator cutis ani, 620
cremaster, 682
crico-aiytenoid, lateral, 533

posterior, 533
crico-thyroid, 531
detrusor urinre, 667
erectores clitoridis, 700
kerato-cricoid, 533
lingual, 570, 571
orbicularis palpebrarum, 3S7
of pinna of ear, 432
portio ary-vocaUs of thyro-epiglotti-

deus, 535
recto-coccygeal, 618
sphincter. See Sphikctee.
stapedius, 443
sustentator tiinicJE mucosae, 620
tensor tympani, 442
thyro-arytenoid, 534
thyro-epiglottidean, 535

Muscles, development of, 79S
of limbs, origin of, 806

Muscular tissue, general anatomy of, 118
involuntary, 133

Muscular tissue, involuntary

—

continued.

cardiac, 135
nerves of, 175

plain, 133
attachment of, 134
development of, 135
distribution of, 134
nerves of, 135, 174

voluntary, 118, 258
appearances of, under polarized

light, 126
blood-vessels of, 130
changes of, in contraction, 125
cleavage into disks, 122
corpuscles of, 123
cross-stripes of, 121

development of, 132
fasciculi of, 119
fibres of, 119

branched, 120
ending of, 120, 130
figure and measurement of,

119
structure of, 120

fibrils of, 121

growth of, 132
laeerti of, 118
nerves of, 131, 175

termination of, 175
nuclei of, 123
optical appearances, 121
pale, 123
red, 123

vessels in, 131
sheath of, 118
views on structure of, 127

Muscularis mucosae, 232, 233
Musculi papillares, 485, 488, 495

function of, 486
pectinati, 483, 4S6

Musculi pubo-vesicales. 666
Myelin {fjLvs\6s, maiTOw), 144
Myeloplaxes, 100, 115
Slyocardium {fuvs, a muscle ; KapZia, the

heart), 493
Myolemma {Ke/xixa, a husk or rind), 120

Nails, general anatomy of, 243
formation of, 245
growth of, 245
lunula of, 244
matrix of, 244
structure of, 244

Nares (nostrils), anterior, 468
posterior, 469

Nasal {nasus, the nose) duct, 390
fosste, 470

development of, 812
pits, primary, 812
processes, external, 813

Negro, cause of colour in skin of, 238
Nerve or nerves, auditory, 451

cochlear division of, 465
origin of from cerebrum, 367
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Nerve or Nerves, auditory

—

contimtcd.

in medulla oblongata, 295
vestibular division of, 45

1

cerebro-spinal, general anatomy of,

137
arrangement of funiculi in, 152
construction of, 150
degeneration of, 179
development of, 17S, 836
distribution of, to glands, 229
fibres of. Sec Nekve-Fibres.
lymphatics of, 154
origins or roots of, 158, 275
plexiform arrangement of, 154
regeneration of, 179
relation of sympathetic to, 153
sheath of, 150
terminations of, 159, 258

in cardiac muscle, 175
in end-bulbs, 169
in involuntary muscles, 1 74
in networks or terminal

plexuses, 161, 173, 399
in Pacinian bodies, 164
in tactile cells, 161

in tactile corpuscles or

touch bodies, 162
in voluntary muscles, 1 75

vessels of, 154
cranial, development of, 837

origins of, in medulla oblongata,

294, 295, 363 et seq.

from encephalon, 363
facial, in embrj'o, 837, 839

origin of, from cerebrum, 367
fifth, in embryo, 837, 838

origin of, 365
fourth or trochlear, origin of, 365
glosso-pharyngeal, in embryo, 840

origin of, from brain, 368
in medulla oblongata, 294

hypoglossal, in embryo, 838
origin of, 369

in medulla oblongata, 294
of limbs, origin of, 806
olfactory, in embryo, 838

distribution of, 474
origin of, 363
structure of, 475

optic, in embryo, 846
membranes of, 378
origin of, 363

pneumogastric or vagus, in embryo,

837, 840
origin of, from brain, 368

in mediiUa oblongata, 294
relation of meninges to, 372, 375,

.378
sixth or abducent, in embryo, 838

origin of, from brain, 366
spinal, development of, 836

origin of, from spinal cord, 275
spinal accessory, origin of, from

brain, 369
in medulla oblongata, 294

Nerve or nerves

—

continued.

sympathetic or ganglionic, 137
development of, 840
relatioii to cerebro-spinal nerves,

153
structure of, 145

third or oculomotor, origin of, 364
in embrj'o, 830.

Nerve-cells, 145
of cerebellum, 311
of cerebrum, 357, 358
connection with fibres, 148
distribution and shape of, 145
in ganglia, 156
in spinal cord, 271
structure of, 147

Nerve-fibres, 125
afferent or centripetal, 137
arrangement of, in nervous cords,

153
connexion with cells, 148
course of, in nerve-trunks, 154
dark-bordered or meduUated, 139

axis cylinder of, 140
division of, 157
medullary sheath of, 141
nuclei of, 143, 144
primitive sheath of, 144
sheath of Schwann of, 144
white substance of, 141

development of, 178
efferent or centrifugal, 137
pale or non-meduUated, 138, 145
terminations. See Neeves, Ceke-

bro-Spinal.
varicose, 139

Nerve-glands, 840
Nervous networks and plexuses, 174

substance, structural elements of,

137
Nervous system, general anatomy of,

137
descriptive anatomy of central organs

of, 259
development of, 818

Neural centre, 788
crest, 837
tube, 790

Neurilemma {vevpov, a nerve ; \e/xfia, a
peel or skin) of nerves, 151

of spinal cord, 375
Neurenteric canal, 759
Neuro-epidermal la3'er of blastoderm, 750
Neuroglia (vevpov, a nerve

;
y\la, glue),

149, 270
Neuroglia-cells, 270
Neuro-keratin {Kepas, horn), 271
Nipple, 721, 722
Nodes and internodes of Eanvier, 141
Nodule (dim. of nodus, a knot) of cere-

bellum, 308
Nodulus Arantii, 490
Nose, 468

cartilages of, 469
development of, 812, 854
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Nose

—

continued.

fossEe or cavities of, 470
meatus of, 47

1

mucous membrane of, 471
olfactoiy region of, 473
vessels of, 476

Notch of Eivini, 436
Notocliord {vSsTos, the back

; x^P^'h: a
string), 749, 790, 796

Nuclear fluid, 9
matrix, 9

Nuclei (nucleus, a kernel) of blood-cor-

puscles, 24
of cartilage cells, 78
of cells, in general, 3, 8

chemical nature of, 10
hjraloid zone of, 10
structure of, 9, 257

of colourless blood corpuscles, 31
of connective tissue corpuscles, 65
division of, 12, 257
of epithelial cells, 42
of fat cells, 74
of muscle, 123
of nerve-fibres, 143, 144
of origin of nerves, 158
pontis, 3cx>

of superficial arcuate fibres, 297
Nucleolus (dim. of 7iucleus), 9
Nucleo-plasm {nucUiis, a kernel ; itKdffau,

I form), 9
Nucleus amygdala [amygdalcc, an al-

mond), 353
of auditory nerve, accessor}'', 303,

368
inner or principal, 295, 302, 367
outer or superior, 303, 368

caudatus, 351, 353
emboliformis, 310, 313
fastigii, 310, 313
of facial nerve, 302, 367
of fifth nerve, inferior sensorj'^, 366

motor, 302, 366
superior sensory, 302, 315, 366

of fourth nerve, 315, 365
globosus, 310, 313
of glosso-pharyngeal nerve, 294, 368
hypoglossal nerve, 294, 369, 370
lateralis of medulla oblongata, 292
lenticularis, 351, 353
of olivary body, 295
of optic thalamus, anterior, 325

outer, 325
of pneumogastric nerve, 368
red, 318
of sixth nerve, 315, 365
of spinal accessory, 369
superior olivary, 301
of tegmentum, 318
of third nerve, 315, 364

Nutrition of cells, relation to secretion

of, 224
use of fat in, 76

Nj'mphse, 700
development of, 909

Obex (a bar), 290
Oblique vein of the heart, 484
Ocular vesicle, primary, S22, 841

secondary, 844
Odontoblast (o5ovs, gen. o^6vros, a tooth,

IBXacrrds, a germ), 550
CEcoid (oIkos, a house), 28
Qisophagus (o'lm or oia-ca, obs. = (pepw,

I bear ; (paye7v, to eat), 585
coats of, 586
development of, 879
glands of, 587
structure of, 586
vessels and nerves of, 587

Olfactory cells, 473
lobes, 334

formation of, 361
development of, 835
structure of, 361, 362

mucous membrane, 473
nerve, distribution of, 474

structure of, 475
pits, primary, 812

01i^'ary {oiiva, an olive) body, 288
capsule of, 289
development of, 832
nucleus of, 295

nucleus, 295
peduncle, 295

Omenta, 589, 727
Omentum, gastro-colic or great, 73c

gastro-splenic, 639, 727
hepato-gastric or lesser, 728

Omphalo -mesenteric (ofxpaXdv, the navel;

(jifffos, middle ; evrepov, the bowel)

veins, 871
vessels, 763

Operculum (covering, or lid) of insula,

331
. _ , ,

Opisthotic {oiTKTOev, behind ; ods gen urds,

the ear) centre of ossification,

810
0])tic commissure, 328, 363

cup, 842, 844
nerve, development of, 846

origin of, 363
relations of meninges to, 378

thalami, 324, 344
blood supply of, 381
development of, 831

tract, 363
development of, 831

vesicle, primary, 823, 841
secondary, 844

Ora serrata (serrated border), 408, 420
Organon adamantiuae, 559
Os cordis, 493

orbiculare seu lenticulare, 440
tincffi, 706
uteri externum, 706
uteri internum, 707

Osier's phenomenon, 32
Osseous matter, primary and secondary,

no
tissue, 87. See Bonk
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Ossicula auditus, 439
Ossification, 10

1

in cartilage, 105
in membrane, 102
subperiosteal, 112

Osteoblasts [hcneov, a bone ;
^Xaa-rSs, a

germ), 104
Osteoclasts (/cActw, I break), iii, 115,

562
Osteodentine (df^ns, a tooth), 564
Osteogen {yevydce, I produce), 103
Osteoporosis (tto'^os, a pore), 113
Ostium abdominale of Fallopian tube,

713
uteri, 707
uterinum of Fallopian tube, 707, 713

Otic vesicle, primary, 848
Otoconia {ovs gen. ut6s, an ear ; Kovia,

sand), 450
Otoliths [KiQos, a stone), 450, 455
Ovaries (ovum, an egg), 714

development of, 894, 898
ligaments of, 710
nerves of, 720
size, -weight, and position of, 714
structure of, 716
vessels ^^if, 720

Oviducts, 713
Ovula Nobothi, 710
Ovum, 731

development of, in general, 747
progressive, 903
special history of, 763

enclosure of, in Graafian follicles,

. 903
.m titerme decidua, 776

fecundation of, 18, 739
formation of, 900
holohlastic, 733
human, early stages of, 771
mammalian, 733

cell-nature of, 16

maturation of, 17, 735
membranes of, 763
meroblastic, 732

segmentation of, 745
ovai-ian, 731
production of embryonic cells in, 18
segmentation of, 741

in animals, 741
in mammals, 743

segmentation cavity of, 742
separation of, from ovary, 738

Oxyntic (o|us, acid) cells, 596
glands, 594

Pacinian bodies, 161, 164
development of, 169
distribution of, 165
ending of nerve-iibres in, 168
function of, 169
relation of perineurium to, 167
in the skin, 243

Pacinian bodies

—

continued.

structure of, 165
vessels of, 169

Palate, 573
glands of, 574

Palnice plicatae, 707
Palpebrte {palpcbra, an eyelid), 385
Pancreas {irav, all ; Kpeas, flesh), 634

development of, 886
duct of, 637
head and tail of, 634
lesser, 363, note

position of, 634
size and weight of, 635
structure of, 637
surfaces of, 635, 636
varieties of, 637
vessels and nerves of, 637

Panniculus (a garment) adiposus, 230
Papilla foliata, 568

lachrymalis, 385
Papillas, circumvallate, 566

conical, 568
dental, 556
filiform, 569
fungiform, 568
of mucous membranes, 234
of skin, 241, 243
of tongue, 365

Parachordal (irapd, near
; x°P^'h, a string,

viz., the notochord) cartilages,

807
Parenchymal (Trapeyxvfia, interstitial in-

fusion) tissue, 55
Parepididymis {irapd, near; epididymis),

694
Parietal wall of embryo, 751
Paroophoron (irapd, near ; a>o<p6pos, bear-

ing eggs), 901
Parostosis, 105
Parotid gland, 574

connections of, 575
duct of, 576
position of, 574
vessels and nerves of, 576

Parovarium (irapa, near ; ovarmm, ovary),

720
Pars ciliaris retin?3, 408, 420

intermedia of vulva, 702
Peduncles of cerebellum, 299, 310, 313

of cerebrum, 316
of corpus callosum, 330
of pineal gland, 326, 348

Penis, 671
development of, 909
form and attachments of, 67

1

glands of, 671
integument of, 671
ligament, suspensory of, 671
lymphatics of, 676
nerves of, 672, 676
vessels of, 672, 674, 676

Peptic cells, 596
Perforated space, anterior, 330

posterior, 322, 327
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Perforating fibres in bone, 94
in cement, 554

Pericardium (Trepi, about ; KapUa, the
heart), 478

development of, 858
cardiac, 499
vestigial fold of, 480, 874

Perichondrium {Tfepi, about
; x'^''^P°^}

cartilage), 78
Perilymph, 446
Perilymphangeal {ayye7oy, a vessel) no-

dules), 213
Perimysium (fj-vs, a muscle), 118
PeriniBum, development of, 909
Perineurium {vevpov, a nerve), 151
Periosteum {cxniov, a bone), 98
Peristaltic {irepKTTeWw, I constrict or

narrow) movement of intestines,

600
Peritoneum (irepf, about; rejVw, I stretch),

588, 72s
continuity of, traced, 725
formation of folds of, 882

Perivascular lymphatics, 201
of spleen, 643

sheath, 375
Perivitelline {vitellus, yolk) space, 17
Pes (foot) accessorius, 346

hippocampi, 345
pedmiculi, 315, 316

Peyer's glands, 605
patches, 606

Pharyngeal tubercle, 583. (>S'i5e Vol. I.)

Pharynx {(papw^), 583
attachments of, 583
development of, 879
mucous membrane and glands of,

584
Pia mater, 371, 375
Pigment, 76

deposition of, in cells, 8
distribution of, 76
in the skin, 238

Pigment-cells, 76
Pigment-molecules, movements of, 77
Pineal {pinea, a pine-cone) body or

gland, 326
development of, 830, 831

Pinna (a feather), 431
development of, 854
ligaments of, 432
muscles of, 432
structure of, 431
vessels and nerves of, 433

Pit of stomach, 590
Pituitary (jntiiUa, phlegm or mucus)

body, 328
development of, 328, 825, 831

membrane of nose, 471
Placenta (wAokoCs, gen. irXaKovvros, a flat

cake),

circulation iu, 785
development of, early, 779
relation of fcBtal and maternal ele-

ments in, 784

Placenta

—

continiccd.

relation of uterine glands to, 785
structure of, 782

Placentation, 779
Plasma (TrAao-crco, I form) of blood, 23

of lymph, 33
Plasma-cells, 65
Pleurse (trAevpci, a rib or side), 502

development of, 886
extent and limits of, 502
structure of, 503

Pleuro-peritoneal space, 793
Plexus of lymphatic vessels, 201

of nerves, 154
Auerbach's, 608
Meissner's, 608
myentericus {fj.vs, muscle ; eyre-

poy, intestine), 174, 608
tympanic, 445

of veins, hosmorrhoidal, 619
pampiniform {paminnus, a ten-

dril), 697, 720
vaginal, 705

Plexuses, termination of nerves in, 161

Plica gubernatrix (guiding fold), 907, 908
semilunaris of eyelid, 385

Polar globules, 17
extrusion of, 736

Pomum Adami (Adam's apple), 522
Pons (bridge) hepatis, 623

Varolii, 299
blood supply of, 381
development of, 829
grey matter of, 300

Porta hepatis, 624
Portal canals, 62S

vein, 624, 628
Portio dura, 367

mollis, 367
Porus opticus, 409
Postoral (post, behind ; os, oris, the

mouth) visceral arches, 808, 815
Prsecuneus, 339
Premolars, 547
Preoral (^jrre, before ; os, the mouthj

visceral arches, 808
Prepuce (prcejmtium, foreskin), 671, 700

development of, 910
Prickle-cells, 47, 237
Primitive fibrillse of nei"ves, 141

groove, 748, 787
sheath of nerve-fibres, 144
streak or trace of embryo, 748, 787

Primordial {primus, first ; ordior, I begin)

kidney, 889
ova, 900
vertebrae, 792

Principal cephalic- flexure of embryo,
802

disk in muscle-fibres, 128
Procerebrum {pro, fore ; cerebrum, brain),

826
Processus brevis vel obtusus, 440

gracilis, 440
orbicularis, 440
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Processus reticularis, 266
vaginalis peritonei, 683

Proctodaeum, 884
Promontory of tympanum, 437
Pronephros ("^ph, before ; yecppSs, the

kidney) 890, 894
Pronucleus, female, 18

formation of, 736
male, 18

formation of, 739
Pronuclei, female and male, fusion of,

.740
Prootic {TTpo, before ; ods, gen. wtJs, the

ear) centre of ossification, 810
Prosenceplialon {n-p6s, before ; eyKe<pix\ov,

the brain), 826, 832
Prostate (xpS, Ijefore ; 'idTrmi, I place)

gland, 669
anterior, 681
lobes of, 669, 670
secretion, 670
shape, size and position of, 669
structure of, 670
vessels and nerves, 670

Protoplasm (TrpuTos, first ; irKaffaw, 1

form) of cells, 3
chemical and other changes occurring

in, 8
constitution of, 3
contraction of, 5
effect of electric and other stimuli

on, 7
fibrils of, 4
granules, in, 4
reaction of, 4
vacuoles in, 3

Protovertebr£e (irpSiTos, first ; vertebrse),

792
cleavage of, 793

Protovertebral columns, 793
somites, 792

Pseudopodia (y^ev^s, false ; vo6s, gen.

TToSds, a foot), 5
Pseudostomata {(ttS/jm, a mouth), 216
Pudendum, 699
Pulmonary artery. See Aktery.

veins. See Veins.
Pulp-cavity of teeth, 550
Pulvinar (a cushion), 324
Punctum lachrymale, 385
PupH of the eye, 404, 405
Pu[)illary membrane, 847
Purkinje, cells of, 312

fibres of, 500
Pyloric glands, 594
Pvlorus (Trv\up6s, a gate-keeper), 589,

598
Pyramidal nuclei of medulla oblongata,

295
tract of spinal cord, 277, 298

Pyramid in cerebellum, 307
of thyroid body, 538
in tympanum, 438

Pyramids of medulla oblongata, anterior,

289

Pyramids of medulla oblongata

—

coniinued.

decussation of, 289
development of, 829

posterior, 287
of kidney, Malpighi's, 650, 652

Racemose {racemus, a cluster of grapes)
glands, 226, 227

Ranvier, constricting band of, 142
nodes of, 141

Raphe (pa^prj, a seam) of corpus callosum,

342
of medulla oblongata, 297
of scrotum, 682
of tongue, 565

Recessus labyrinthi, 849
Recto-uterine folds, 710
Recto-vaginal pouch, 727
Recto-vesical pouch, 664, 725
Rectum {intestinuTn rectum, the straight

intestine), 611, 616
columns of, 619
connections of, 618
length of, 617
position and course of, 616
vessels and nerves of, 619

Eegenei-ation of textures, 22. See also

the various Tissues.
Reissner, membrane of, 457, 459
Renes succenturiati (reserve kidneys), 643
Reproductive organs, external, develop-

ment of, 908
development of, 889, 897
female, 699
male, 668

Respiration, organs of, 502
Restiform (restis, a rope) bodies, 287

development of, 829
Eete mirabile, 184

mucosum, 237
vasculosum testis, 691

Reticular lamina of cochlea, 462
tissue, 70

Reticulum of nervous centres, 149
Retina {rete, a net), 408

ciliary part of, 408, 420
colour of, 408, 417
development of, 841, 845, 846
layers of, 409

ganglionic, 411
molecular, inner, 412

outer, 413
of nerve-fibres, 41

1

nuclear, inner, 412
outer, 414

pigmentary, 417
of rods and cones, 416

microscopic structure of, 409
sustentacular tissue of, 419
vessels of, 421

Retinacula (restraining bands) of ileo-

caical valve, 615
Retinal purple, 408, 417, 418
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Eibs, development of, 798
Kima (cleft) glottidis, 528, 530

of pudendum, 699
Kod-fibres of retina, 414
Rod-granules of retina, 415
Bods of Corti in ear, 461, 462

of retina, 416
Root-slieatli of hair, 248
Bosenniuller, organ of, 720, go6
Rostrum of corpus callosum, 343
Rugae (wrinkles) of bladder, 665

of mucous membrane, 231
of stomach, 593
of vagina, 704

Saccttlae {sacculus, a little bag) glands,

226
Saccule of vestibule, 450

structure of, 453
of larynx, 528, 531

Sacculus, vesical, 667
Saccus endolymphaticus, 451
Salivary glands, 574

changes in cells of, during activity,

580, 581
ducts of, structure of, 582
structure of, 578
vessels and nerves of, 583

Santorini, cartilages of, 524
fissures of, 432

Sarcolemma (capl, flesh ; \efifia, a husk),

120, 258
Sarcous elements, 122
Satellite (satellcs, an attendant) veins, 189
Scalae (^cala, a stair) of cochlea, 448, 449
Scarf-skin, 236
Schlemm, canal of, 399
Schneiderian membrane, 471
Schreger's lines, 551
Schwann, sheatli of, 144

white substance of, 141
Sclerotic (o-KATjpJy, hard) coat of eye, 391

development of, 847
structure of, 393

Scrotum (a skin), 682
development of, 909, 910
vessels and nerves of, 684

Sebaceous {sebum, suet) glands, 256
Secreting apparatus, 225

cells, 223
fringes, 226
glands, 231. See also Glands,

Secreting.
membrane, 225
surface, modifications in form of,

226
Secretion, 223, 225

cell-agency in, 224
mechanism of discharge of, 230

Segmental duct, 891
orgMis, 890

origin and formation of, 891
tubes, 892, 899

Segmentation of fecundated ovum, 741
cavity of ovum, 742

Segmentation

—

continued.

of protovertebrse, 793
spheres of ovum, 744

Semen, 697
Semicii'cular canals, 446

development of, 850
membranous, 451

Semilunar valves, 486, 4S9
Seminal ducts, 696

granules, 697
tubules, 687
vesicles, 695

Senses, organs of, 385
development of, 841

Sensory terminal organs, 162
Septula renum, 650
Septum (a partition) of heart, 483, 485

lucidum, 344, 347
nasi, 468

cartilage of, 470
pectiniforme (comb-like), 673
posticum of spinal cord, 377
scroti, 682
of tongue, 565
transversum of semicircular canals,

453
Serous alveoli of salivary glands, 579, 580
Serous membranes, general anatomy of,

214
apertures in, 203, 216
blood-vessels of, 218
epithelial lining of, 215
form and arrangement of, 215
lymphatic nodules of, 213, 218
lymphatics of, 218
nerves of, 218
sti'ucture and properties of, 215

Serum of blood, 23
Sesamoid (resembling the fruit of the

Sesame) fibro-cartilages, ?i'^

Sharpey, fibres of, 94
primary and secondary areolae of,

107
Sigmoid (like the letter aiyiia) flexure of

colon, 616
valves, aortic, 489

pulmonary, 486
Siliqua (capsule) olivse, 289
Sinus (a hollow) circularis iridis, 399

coronary of heart, 484, 874
of kidney, 650
pocularis (cup-like), 678
prostatic, 678
urogenitalis, 897, 909

parts formed from, 911
venosus, 482, 486
of vestibule, common, 450

Sinuses, utero-placental, 785
of Valsalva, 490
venous, in skull, 373
of veins, 192

Skeleton, development of, 794
Skin, general anatomy of, 236

lilood-vessels of, 242
cuticle of, 236. Sec also Epideemis.
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Skin

—

continued.

development of, 806
glands of, 252
lymphatics of, 242
Malpighian layer of, 237
muscular tissue in, 240, 249
nerves of, 238, 242
papill?e of, 241
stratum lucidum of, 237
tliickness of, 236, 240

Solitary glands, 213
of small intestine, 605

Somatic wall of embryo, 751
Somatopleure (cr&ijua, the body ; ir\€upa,

side), 751
Space, perforated, anterior, 330

posterior, 322, 327
Spermatic cord, composition of, 68

1

coverings of, 682
vessels and nerves of, 684

Spermatic fascia, 682
filaments, 697

Spermatoblasts" {ffnepfia, seed ; B^aarSs, a

germ), 689
Spermatozoa {a-jrepfia, seed; Cwoj/, an

animal), 697
development of, 687, 688, 689, 698
effect of, on maturation of ovum, 18,

739
introduction of, into ovulm, 39
motion of, 698

Spliinctei (a-cpiyyoj, I bind) of anus, in-

ternal, 619
of bladder, 667
of larynx, 536
of pupil, 406
vaginffi; 461
vesica, 425

Spina tympanica major, 441
Spinal cord, descriptive anatomy of, 259

blood supply of, 380
central canal of, 268, 275

ligament oi, 259, 263
columns or tracts of, 277

antero-lateral, 268, 277
continuation of, in medulla ob-

longata, 298
direct lateral cerebellar, 278
ganglionic or vesicular, 271
Goll's, 279
posterior white, 268, 279
j)rincipal of anterior column,

279
commissures of, 265, 274
connective tissue of, 268, 270
course of nerve fibres in, 277
development of, 820
enlargements of, 262
external form of, 262
fibres of, 277
fissures of, 264
grey matter of, 266

arrangement of nerve-cells in,

271
internal structure of, 266

Spinal cord

—

continued.

ligaments of, 263, 378
lymphatics of, 382
membranes of, 371
microscopic stnicture of, 269
origin of nerves from, 275
relative proportion of grey and white

matter in, 267, 269
size of, 259, 262
terminal filament of, 263
weight of, 384
white matter of, 268

Spiral groove, 457
ligament, 4511, 460

Splanchnic {anr\dyxya, entrails) wall of
embryo, 751

Splanchno - pleiu-e (irXivpd, a side),

751
Splanchnology {(T7r\dyxm, entrails ; \6yos,

a discourse), 259
S^Dleen, 639

accessory, 639
blood-vessels of, 641
coats of, 640
corpuscles of, 642
development of, 877
hilus or fissure of, 639
lymphatics of, 643
modifications of blood in, 643
nerves of, 643
position of, 639
pulp of, 641
size and Aveight of, 639
structure of, 639

Splenculi (little spleens), 639
Splenic artery, 641

flexure of colon, 616
Spleniam {(rv\;ivlov, a pad) of corpus cai-

losuni, 343
Stapes (a stirrup), 440
Stapedius, 443
Stenson's duct, 576
Sternum, development of, 798
Stigma in ovary, 719
Stigmata of blood capillaries, 194
Stomach, 589

connections of, 590
culs-de-sac of, 589
development of, 879
dimensions of, 590
distension, effect of, on position of,

590
epithelium of, 593
fundus of, 589
glands of 593

changes in cells of, during
activity, 596

lymphatics of, 597
lymphoid tissue in, 596
mucous membrane of, 591
muscular coat of, 591
nerves of, 598
position of, 589
pylorus, 589, 59S
rugae of, 593
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Stomacli

—

continued.

serous coat of, 590
shape of, 589
structure of, 590
submucous coat of, 591
vessels of, 597

Stomata (ctt6ix<x, a mouth) in serous

membranes, 203, 216
Stomodceum, 813, 8S3
Stratiim ciuereum, 320

gi-anulosum, 361
intermedium of crusta pedunculi,

316
laciniosum, 361
lemnisci, 320
lucidum of epidermis, 237
opticum, 320
radiatum, 361
zonale, 320

Stria pinealis, 322
terminalis, 344, 352
vascularis, 459

StriiE acusticjB, 291
longitudinal, lateral and mesial,

of corpus callosum, 342
medullares, 291

Stroma {a-rpwua, a bed) of blood cor-

puscles, 26
intertubular of kidnej's, 659
of ovaries, 716
of suprarenal bodies, 645

Structural elements of the body, 2
Subarachnoid fluid, 376

space, 376
trabeculas, 376, 377

Subcutaneous tissue, 55, 239
Subdural space, 37

1

Sublingual gland, 577
vessels and nerves of, 578

Sublobular veins of liver, 630
Submaxillary gland, 576

duct of, 576
vessels and nerves of, 577

Submucous tissue, 55, 231
Subserous tissue, 55, 215
Substantia ferruginea, 304

gelatinosa, 266, 270, 274
gelatinosa centralis, 275
innominata, 325
nigra,_3i5, 317
spongiosa, 271

Subthalamic tegmental region, 326
Subzonal membrane, 770
Sudoriferous glands, 252

development of, 254
distribution of, 253

Sulci (furrows) of the cerebral hemi-
spheres, 330, 331

calloso-marginal, 338
central, 332
development of, 835
frontal, 335
interlobar, 331
Intraparietal, 336
occipital, 337

Sulci of the cerebral hemispheres

—

c<mi.

of the island of Eeil, 333
olfactory, 334, 336
orbital, 336
postcentral, 336
prfficentral, 335
primitive, 835
secondarj'-, 835
temporo-spheuoidal, 33S
triradiate, 336

Sulcus, lateral, of crus cerebri, 315
oculomotorii, 315

Suprarenal bodies or capsiiles, 643
accessory, 647
blood-vessels of, 645, 646, 647
cortical part of, 645
development of, 840
fibrous investment of, 644
forms and positions of, 643, 644
function of, 647
hilus of, 643
lymphatics of, 646
medullary part of, 646
nerves of, 646, 647
size and weight of, 644
structure of, 644

Sustentacular tissue of nerve-centres,

149
Sustentaculum lienis, 616
Sweat glands, 252
Sympathetic nerve. See Nerve, Sympa-

thetic.
Synovia, 219
Synovial bursse, 219

capsules of joints, 219
folds or fringes, 219, 221
membranes, 218

articular, 219
development of, 222
lymphatics of, 222
marginal zone of, 221
nerves of, 222
relation of, to articular carti-

lage, 80
structure of, 221
vaginal, 219
vessels of, 222

sheaths, 219
villi, 222

Systems, organic, 2

Tache embryonnaire, 756
Tactile {tactus, touch) cells, 161

corpuscles, 161, 162, 243
of birds, 171
distribution of, 164

menisci, 258
papillae, 243

Tffinia {raivia, a band) fomicis, 322
hippocampi, 346, 348
pontis, 327
semicircularis, 344, 348, 352

Taenii^ tectse, 342
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Tarsal {Tapa-6s, a broad flat surface) car-

tilages, 584
Taste-buds, 567

distribution of, 568
Tectorial membrane, 462, 465
Teeth, arrangement of, in jaws, 545

changes in, during gi-owtli of jaw?,

563
characters of, general, 545
formation of, 555
hard tissues of, 550

formation of, 558
permanent, 545

calcification of, 563
development of, 561
eruption of, 563

pulp of, 550
structure of, 549
temporary, 545, 549

development of, 555
eruption of, 560
shedding of, 562

Tegmentum (covering) of crura cerebri,

315, 317
nucleus of, 31S

Tela choroidea (the choroid web), 545
Tendon (reiVco, 1 stretch), 66

connection of, with muscle, 130
nei"ve-endings in, 174

Tenon, capsule of, 391
Tensor tjonpani, 442
Tentorium (a tent) cerebelli, 571
Testes (testicles), 681, 685

blood-vessels of, 690, 696
capsule of, 686
coverings of, 682
descent of, 908
development of, 894, 899
excretory duct of, 693
interstitial cells of, 690

tissue of, 690
lymphatics of, 697
lymph-spaces of, 690
nerves of, 697
shape, size, and position of, 683
structui'e of, 686
tubules of, seminiferous, 6S7
weight of, 685

Textures in general, i

enumeration of, i

intercellular substance of, 2

regeneration of, 22
structural elements of, 2
waste of, 22

Thalamenccphalon (thalamus; ijKi^oKov,

the brain), 826, 830
Thalamus (bed) opticus, 324, 344
Theca (sheath) of spijial cord, 259, 372
Tlioracic duct, 33

structure of, 204
viscera, 477

Thymus gland or body, 541
development of, 889
lobes of, 541
vessels and nerves of, 543

Thyro- arytenoid ligaments, 527 •

Thyro-hyoid arch, 815
membrane, 526

Thyroid (Bvpios, a shield) cartilage,

522
gland or body, 538

development of, 539
fluid of, 539
lobes of, 538, 539
pathological changes in, 540
position of, 538
structure of, 539
vessels and nerves of, 540
weight of, 539

Tissues. See Textures.
Tomentum (flock of wool, hair, &c.)

cerebri, 375
Tongue, 565

development of, 818
dorsum of, 565
frsenum of, 565
glands of, 570
lymphoid tissue of, 571
mucous membrane of, 565
mrrscles of, 571
nerves of, 572
papillfe of, 565

circumvallate, 566
conical, 568
filiform, 569
fungiform, 568

raphe of, 565
septum of, 572
vessels of, 572

Tonsils, 574
Touch-bodies, 162
Trabeculfe (dim. from trahs, a beam)

cranii, 808
of corpus cavernosum, 673
of lymphatic glands, 211
of spleen, 639

Trabs cerebri (corpus callosum), 342
Trachea {rpaxvs, rough ; arteria trachea^

the rough artery), 507
cartilages of, 511
changes in after birth, 50S
development of, 887
elastic tissue of, 513
epithelium of, 513
foetal condition of, 508
glands of, 514
measui'ements of, 507
mucous membrane of, 513
muscular tissue of, 513
relations of, 508
situation of, 507
structure of, 511
vessels and nerves of, 514

Tract, Goll's, 279
of fillet, 299
olfactory, 363
optic, 363
lateral cerebellar, 278, 287, 29S
principal of anterior column, 279
pyramidal, 277, 278, 298
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Tractus intermedio-lateralis, 267, 273
sj^iralis foramiiiulentus, 465

Tragus {rpdyos, a goat), 431
Trapezium of pons Varolii, 300
Tricuspid {tres, three, cuspis, the point of

a weapon) valve, 485
Trigone (triangle, from Tpels, three

;

yaivia, a' . angle) of bladdei', 655
Trigouum halvsnulse (dim. of habena, a

rein), 324, 326
Tuber annulare, 299

cinereum, 322, 327
cochleae, /]/]/]

olfactorium, 334
valvulse, 307

Tubercle, amygdaloid, 345
cuneate, 287, 293
of Lower, 484
of Rolando, 287, 292

Tubercula quadrigemina, 319. SeeCoB.-
roRA Quadrigemina.

Tuberculum acusticum, 291
pharyngeum, 583. (<Sec Vol. I.)

Tubular glands, 226, 229
Tubules, dentinal, 550
Tubuli recti of testicle, 691

seminiferi, 687
uriniferi, 651

Tunica adiposa of kidneys, 648
adventitia of arteries, 188
albuginea of testicle, 687
clioroidea, 400
chorio-capillaris, 402
granulosa of Graafian follicle, 732
intima of arteries, 185
media ,, 1S8
propria of semicircular canals, 453

of spleen, 640
Euyschiana, 402
vaginalis oculi, 391

testis, 684
formation of, 908

vasculosa of testicle, 687
Tutaraina (means of defence) oculi, 385
Tympanum (rv/nTravov, a drum) or middle

ear, 434
bones of, 439

movements of, 443
development of, 850, 852
membrane of, 435

secondary, 437
lining, 444

muscles of, 442
vessel and nerves of, 444
walls of, 435, 436, 437

Tyson's glands, 671

Umbilical {umbilicus, the navel) fissure

of liver, 623
vesicle, 764
vessels, 875

Umbo (the boss of a shield) of membrana
tympani, 436

VOL. II.

Urachus [olpov, urine ; exw, I hold), 663,

769, 897
Ureters [ohpiw, I pass urine), 660

development of, 891, 896
orifices of, 665
structure of, 660
varieties of, 661
vessels and nerves of, 661

Urethra, 668
female, 703
male, 676

bulb of, 675
crest of, 678
development of, 909
fossa navicularis of, 680
glands and lacunae of. 680
length of, 676
mucous membrane of, 680
orifice of, external, 671

internal, 665
port.ou of, bulbous, 680

membranous, 678
prostatic, 669, 678
spongy, 680

Urinary bladder, 661. See Bladder.
organs, 647

development of, 889
vesicle, 766

Uriniferous tubes, 652
development of, 896
structure of, 654

Urogenital orifice, 908
sinus, 897, 909

parts formed from, 911
Uterogestation, human, 771, 775
Uterus (womb), 705

blood-vessels of, 711
body of, 706

mucous membrane of, 709
cavity of, 706
cervix or neck of, 706

mucous membrane of, 710
changes in, periodic structural,

711
from age, 713
in gestation, 135, 707, 712
in menstruation, 711
after pregnancy, 712

development of, 905
fundus of, 706
glands of, 709, 710

relation of, to placenta, 785
ligaments of, 710
malformations of, 713
mucous membrane of, 708

regeneration of, after parturi-

tion, 786
separation of, at birth, 786

muscular coat of, 708
muscularis mucosae of, 708
nerves of, 711
OS, or mouth of, external, 706

internal, 707
position of, 705
serous covering of, 705

3 p
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Utems

—

continued.

size and weight of, 706
structure of, 707

Uterus masculinus, 678, 897
Utricle {utriculus, a small bag) of male

urethra, 678
of vestibule of ear, 450

Uvea {xtva, a cluster of grapes), 406
Uvula (dim. of ima) of cerebellum, 308

vesica;, 665, 670

Vacuoles, 3
in pale corpuscles, 30
in contractile fibre-cells, 133

Vagina (a sheath), 703
development of, 897, 905
glands of, 705
orifice of, 701
sphincter of, 705
structure and connections of, 705
vessels and nerves of, 705

Vagina cellulosa of nerves, 151
Vaginal synovial membranes, 219
Vallecula of cerebellum, 306

Sylvii, 331
Valve, or valves, ofBauhin, 615

Eustachian, 484, 865, 875
ileo-csecal, or ileo-colic, 614
of Kerkring, 600
of lymphatics, 204
mitral, 489
semilunar or sigmoid, 486, 489
Thebesian, 484
tricuspid, 485

development of, 866
of Tulpius, 615
of veins, 191
of Vieussens, 304

Valvulse conniventes (lying close to-

gether), 231
Varicose nerve-fibres, 139
Varicosities of primitive fibrillse ofnerves,

141
Vas aberrans of testis, 694

deferens, 693
development of, 894, 907

spirale, 459
Vasa afferentia and efi"erentia of lym-

phatic glands, 209
efferentia of testicle, 692, 693

development of, 907
Vasa i-ecta, false, of kidney, 658
Vasa vasorum of arteries, 189

of lymphatics, 204
of veins, 191

vorticosa, 402 "•

Vascular area, developing blood-vessels
in, 34

of yolk-sac, 763, 856
system, development of, 854
papillse, 243

Veins, general anatomy of, 189
anastomoses of, 189

Veins

—

continued.

blood-vessels of, 191
coats of, 190
distribution of, 189
epithelium of, 192
great, development of, 871
peculiarities of, 191
satellite, 189
sinus of, 192
small, structure of, 196
stnictare of, 189
valveless, 192

bronchial, 520
cardinal, 872
of Galen, 351
hepatic, 625, 630
interlobular of kidney, 658

of liver, 628
intralobular of liver, 627, 630
portal, 624, 628
posterior vertebral, 873
primitive jugular, 872
pulmonary, distribution of, 519

position of at root of lungs, 505
sublobular, 627, 630
umbilical, 871, 886

closure of, 876, 877
vertebral, posterior, 873

Velum, inferior or posterior medullary,

305, 308
interpositum, 349
pendulum palati, 573
superior or anterior medullary, 304

Vena portse, 624, 628
Venee cordis minimEe, 484

comites, 189
hepaticae advehentes and revehentes,

871
stellulse, 658

Ventricles {ventrmdus, dim. of venter, a
belly), fifth, 347

fourth, 290
medullary portion of, 290
upper portion of, 304

lateral, 344
of heart, development of, 862

fibres of, 495
left, 488
right, 48s
septum of, 347

Sylvian, 347
third, 321

epithelial lining of, 323
Ventriculi tricornes, 344
Vermicular (vefmiculus, dim. of vermis,

a worm) movements of intestines,

600
Vermiform appendix, 614

development of, 881
Vermiform process of cerebellum, 305
Vertebral column, development of, 794
Verumontanum {venc, a ridge), 67S
Vesica urinaria, 661. See Bladdee,

XJEINARY.
Vesicle, blastodermic, 19, 745
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Vesicle, germinal, 17
umbilical, 764
urinary, 766

Vesico-uterine folds, 710
Vesicula prostatica, 907
Vesiculffi seminales, 695

vessels and nerves of, 697
Vestibule of ear, 446

membranous, 449
of vulva, 701

Vestigium foraminis ovalis, 483
Vibrissfe, 469
Vieussens, valve of, 304
Villi {villus, shaggy hair), 234

development of, 882
arachnoidal, 379
of small intestine, 600, 601

Visceral arches, 815, 816
destination of, 816

clefts, 816
wall of embrj'^o, 751

Visual purple, 408, 417, 418
Vitelline (vitclliis, yolk), duct, 764, S80

granules, 732
veins, 871

Vitellus, 17, 732
Vitreous {vitruvi, glass) body, 422

development of, 848
Vocal cords, false, 528, 530

true, 527, 528, 530
length of, 531

Voice, organ of, 522. Sec Larynx.
Voluntary muscle, 118
Vortex of heart, 495
Vulva, 699

blood-vessels and nerves of, 703
erectile tissue of, 702
vestibule of, 701

"Water-beetle, sti-ucturc of muscular
fibres of, 124

Wharton's duct, 576
jelly, 69

White fibres of connective tissue, 57
Whorl of the heart, 495
Windpipe, 507
Winslow, foramen of, 727
Wisdom teeth, 548
Wolffian bodies, 889, 890, 906

parts formed from, 911
duct, 891

parts formed from, 894, 904, 911
tubes, 892

Womb, 705. See Uterus.
Wrisberg, cartilages of, 525

Yolk, 17, 722, 733
-corpuscles, 733
-membrane, 732
-rest, 756, 761
-sac, 763

Zimmerman, elementaiy particles of, 32
development of red cor-

puscles from, 38
Zona incerta, 326

fasciculata, 645
glomeralosa, 645
pellucida, 17, 734
reticularis, 645

Zonula ciliaris, 423
of Zinn, 423

Zooid {Cvo", a living being), 28
Zymogen {Cvfiri, ferment

;
yevvaoi, I pro-

duce), 225
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