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PLATE I.

Fig. 1.—Drawing of Baciljus Mallei in Coverglass Preparation of Pure Cul-

ture. Stained with Fuchsine. Magnified about 700 diam.

Fig. 2.—Drawing of Section of young Glanders Nodule in the Lung. Stained

by Loeffler's method to bring out the Bacillus Mallei. Magnified 700.

Fig. 3.—Bacillus Anthracis from Spleen of Cow. No spores are to be seen,

as the preparation was made as soon as the animal was killed. Magnified 700.

Fig. 4.—Anthrax Bacilli from Pure Culture. Stained by Moller's method.

Spore formation well seen. Magnified 700.

Fig. 5.—Streptococcus Pyogenes in the Pus, taken from an acute abscess of

the thigh. Stained with Methylene Blue. Magnified 700.

Fig. 6.—Diphtheria Bacilli at and near the surface of a false membrane.

Below this are bacilli (a) grown on glycerine agar-agar, (b) on blood serum,

(c) as seen on surface of membrane. Magnified 700.

Fig. 7.—Tubercle Bacilli in Coverglass Preparation made from a Tubercular

Gland. Stained with Carbol-Fuchsine and Methylene Blue. (Ziehl-Neelsen

method.) Magnified 700.
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PREFACE.

The object of this wont is to present concisely and with authority

an account of the Science of Surgery as it exists at the present day.

To deal successfully with a Protean phase of knowledge, which is

encumbered by many ancient prejudices and which has been,

within recent years, the subject of aggressive activity and the scene

of almost revolutionary changes, is a matter of no little difficulty.

The names of the Authors who have compiled these volumes

will, I believe, afford an assurance that this difficulty has been

approached with at least competent equipment, and for their

invaluable co-operation it is impossible to express adequate thanks.

There has been no attempt to make the work encyclopaedic ; but

every endeavour has been made to render it useful to the Student

and Practitioner of Surgery. Those Subjects which are of the

greater importance, are those which have been treated with the

greater fulness.

The articles are concerned with the Pathology, Clinical Mani-

festations and Treatment of the various diseases and injuries that

come within the scope of Surgery. The actual details involved in

operative procedures are not dwelt upon. The specialisation of

Ophthalmic Surgery made it appear desirable to exclude that subject

from the present "System."

In a few instances the same subject—or some one aspect of it

—

is treated by more than one writer, and not always with unanimity

of opinion. As the creed of the surgeon is not yet finally formu-

lated, no effort has been made to efface these divergent expressions,

or to secure an ideal uniformity.

The woodcuts illustrating the various articles are, with few
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exceptions, original, and have been for the most part taken from

living patients, from photographs, and from actual specimens. The

majority of these illustrations have been executed by Mr. Charles

Berjeau, to whose care and skill the work is very greatly indebted.

In the instances in which figures have been borrowed from other

works, the source is in every case acknowledged.

That a book dealing with many subjects, and the work of many

hands, must present some omissions is—in a first edition at least

—

inevitable, but it is hoped that these omissions are not such as to

illustrate the statement of Carlyle that " the true value of a man's

book is determined by what he does not write."

FREDERICK TREVES.

6, Wimpole Street, London,

June. 1895.
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PLATE II.

Fig. 8.—Coverglass Preparation of Pure Culture of Bacterium Coli Commune
(Bacillus Coli Communis). Stained with Methylene Blue. Magnified 700.

Fig. 9.—Coverglass Preparation of Blood containing Diplococcus Pneumoniae.

Stained by Gram's method. Magnified 700.

Fig. 10.—Margin of Abscess in a Bone. In this may be seen numerous

cocci in groups or masses and in chains (Staphylococcus and Streptococcus

osteomyelitis). Stained by Gram's method. Magnified 700.

Fig. 11.—Bacillus of Mouse Septicaemia in Coverglass Preparation of Blood.

Stained with Methylene Blue. Magnified 700.

Fig. 12.—Gonococci in Pus from Case of Acute Gonorrhoea. Note the

arrangement of the diplococci in and between the cells. Magnified 700.

Fig. 13.—Tetanus Bacillus in Coverglass Preparation of a pure culture.

Stained with Fuchsine. Note the shape of the rods and the size and position

of the spores. Magnified 700.

Fig. 14.—Section of Carious Tooth to show Position of Micrococci and

Bacilli. Stained with Methylene Blue. Magnified 700.

[Figs. 6, 9, 10, and 14 are drawn from Preparations kindly placed at the

author's disposal by Mr. H. G. Plimmer, M.R.C.S., F.L.S. ; and Fig. 12 is

drawn from a Specimen prepared by F. J. McCann. MJD.~^





SYSTEM OF SURGERY.

I. SUEGHCAL BACTEBIOLOGY.
By GERMAN SIMS WOODHEAD, M.D.,

Director of the Laboratories of the Royal Colleges of Physicians (Lond.) and
Surgeons {Eng.).

GENERAL CHARACTERS OF BACTERIA.

Before giving a description of those bacteria that bear a definite

relation to surgical diseases, it will be necessary to describe very

briefly the general characters of this whole group of micro-organisms

which it is now generally agreed are closely allied to lower vegetable

forms of life, certain of the more highly organised forms with which
we have to deal being classified in well-recognised groups of plants.

The term bacteria (Gr. fiaKTrjpia
;

flaicrpov, dim. fictKrypiov, a
staff), though now well understood and generally recognised as

including rounded organisms or cocci, is evidently a misnomer.

Bacteria form a group, the members of which have a vegetative

growth; they multiply by a process of fission or direct division,

each organism as it increases in size dividing into two—hence

the name fission fungi, schizomycetes, or scMzophytes. In some
cases this process of division is complete, the rod or the coccus

(Gr. kokkoc, a berry) simply dividing into two separate organisms

;

in other cases the two organisms may remain in contact, and even

with a slight bond of union between them, forming what is called

a diplococcus. The diplococcus may undergo still further division,

and if the individual organisms still remain attached, and division is

in one plane only, transverse to the longitudinal axis, a chain or

streptococcus (Gr. arpETZTog, a collar ; arpz-Kru., a necklace) may be

formed. A strepto-bacillus or streptothrix is formed in exactly the same
way. Where there are several planes of division, so that an irregular

or mulberry-shaped mass is formed, a staphylococcus (Gr. oratyvX)],

a bunch of grapes) is the result. Where the rods increase con-

siderably in length, with or without marked subdivision into

shorter lengths, the leptothrix (Gr. Xetttoq, slender, thin) is formed.

In addition to these more common forms we have spiral or
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screw-shaped organisms, the long chains of which are known as

spirilla, these dividing into shorter lengths to form the comma-
shaped organisms such as are met with in cholera.

1. Classification.—For our purpose the simple classification

into micrococci (spheres or granules), bacilli (rods or staves, Lat.

baculus), and spirilla (screw-shaped organisms or spirals) is sufficient.

This does not, of course, take into account the method of develop-

ment, division, and life-history, but serves merely for purposes of

recognition and description in surgical work, for which it is at present

amply sufficient.

The micrococci may be classified as diplococci ; streptococci

(already described) ; tetrads—in which there are two planes of

division at right angles to each other, little groups of four being

formed ; sarcina or packet or wool-sack cocci—the result of division

in three planes, in which the groups are composed of at least eight

cells ; and ascococci (Gr. do-zcoe, a wine-skin, a leathern bag), a

term now not much used, in which groups of cocci are contained

within a definite capsule.

The straight and elliptical bacteria are termed bacilli.

2. Structure.—These organisms are made up of a delicate

protoplasm or vegetable albumen which takes the stains of aniline

dyes so deeply that there is supposed to be interspersed throughout a

considerable quantity of nuclear chromatin (page 51). There are,

however, more deeply-stained bodies scattered throughout the proto-

plasm which are probably composed of nuclear substance, though this

has not yet been satisfactorily proved. It has been suggested that the

rapid vegetative division of the cell is due to the presence of a large

amount of this nuclear substance. Unstained, the fungus protein,

or myco-protein, as this vegetable albumen was named by Nencki,

is colourless or faintly yellow, homogeneous or glassy-looking,

granular or vacuolated. Minute granules of chlorophyll, strongly

refractile particles which give the reactions of fat, and small granules

of sulphur or starch are sometimes seen. In certain cases this pro-

toplasm may assume a yellow, red, violet, magenta, or green colour.

Enclosing the protoplasm is a dense resistant sheath or protecting

membrane, which resembles the hard covering of the vegetable cells

of the higher plants and contains cellulose. Between this dense

membrane and the deeply-stained protoplasm a narrow unstained

area may be seen ; this is, by some, said to be produced artificially by
the action of the various reagents used in preparing and staining the

organism, whilst others hold that it is a kind of modified protoplasm

from which the deeply-staining nuclear material is absent. The
inner layers of the outer membrane usually remain firm, but the

outer layers may become so modified that they form a gelatinous

covering by which, in many cases, the organisms are bound together

into little lumps or masses like frogs' spawn, known as zooglaea

masses or masses of living glue. The colouring matter, so character-

istic a feature of many micro-organisms, may be found both in this

membrane and in the protoplasm, whilst in other cases it is present
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in the membrane only and not in the protoplasmic substance. This
colouring matter, present in such micro-organisms as the Bacillus pyo-
cyaneus and in the bacillus of blue milk, may be diffused into the sur-

rounding nutrient medium. The presence of this colouring matter in

any of the above positions, when grown in sufficiently large quantities

to become visible to the naked eye, gives rise to those characteristic

beautifully-coloured masses seen in the growths of Bacillus violaceus,

(Fig. 1) the magenta micrococcus (both found in water), the Bacillus

prodigiosus, and other similar organisms. The
limiting or external membrane may be merely

altered myco-protein, but in certain bacteria, the

Bacillus anthracis for example, it consists of a

substance resembling casein, combined with a form
of mucin found especially in the embryonic tissues

of animals.

Many micro-organisms, especially those which
are motile, appear to be provided with flagella or

cilia., developed either directly from the protoplasm

of the organism or as a secondary modification of

the external membrane. These flagella may be met
with singly at the ends of the organism, or in

pairs in a similar position, or there may be several

pairs arranged at the periphery. They stain {see

Loeffler's stain for flagella, page 51) like the mem-
branes, and are found especially in those organisms

that grow in fluid media and in contact with oxy-

gen (page 8).

Although those bactei'ia of interest to the

surgeon are usually described as single - form
growths, it must be remembered that under cer-

tain conditions, as pointed out by Zopf, some of

them may be poly- or pleo-morphic during certain

stages of development. The Beggiatoa, for ex-

ample, is said to be pleomorphic because it assumes

at one time or another the several forms of cocci,

rods, and leptothrix filaments, whilst the Actino-

myces or Bay-fungus is so termed from the fact that in the lower

animals it is made up of a series of club-shaped rays with the

rounded ends of the clubs arranged at the periphery of a star. In

man, and in young colonies even in the lower animals, it does not

exhibit this supposed characteristic arrangement. In place of,

or sometimes accompanying the ray-form, may be found cocci,

usually arranged in chains or masses ; these may be accompanied by

leptothrix filaments, which, interlacing freely, form a kind of felted

network. These threads vary considerably in length and are some-

times divided ; or they may show no sign of division of any

kind. Some of the threads are curved, and when they break they

form short curved sections almost like spirilla or comma-shaped

organisms ; the cocci and threads are said to be the active fungus

b 2

ig-. 1. — Cultiva-
tion of Bacillus
Violaceus. The
dark masses are
violet-colonrcd.
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growths, the club forms being merely involution forms, the clubbed

extremity being the result of an extraordinary development of the

membranous sheath which, though marked when cattle are affected,

is comparatively rare in the human subject.

3. Methods Of reproduction. Fission.—Micro-organisms
divide very rapidly, the cholera vibrio, for example, under favour-

able conditions divides into two, once in every twenty minutes
;

others divide as slowly as once in an hour. Were conditions ideally

favourable for the continuance of this growth, all other organic life

would therefore soon be crowded out of existence. This vegetative

multiplication, however, only takes place when all the conditions for

the nutrition of the micro-organism are extremely favourable.

Spores.—If nutrition or the removal of excretory products i3

retarded, or if there is an excess of oxygen—any of which may
interfere with vegetative multiplication or fission— well-marked

changes take place in certain bacteria. The protoplasm in the

anthrax bacillus (Plate I. Fig. 4), or the Bacillus subtilis (in both

of which spore formation is a very marked feature) becomes
granular, and a small bright point appears in each bacterium ; this

point gradually increases in size until its diameter may be greater

than that of the original organism. It is then large, strongly refractile,

round or ovoid, and is known as a spore endospore, or resting spore

(see Moiler's method of staining spores, page 51), which usually con-

sists of two distinct portions—a dark limiting membrane called

the exosporium, and the colourless highly refractile speck of proto-

plasm called the endosporium. It was at one time supposed that

the endosporium did not take on staining material readily, but it

is now found that the spore does not stain, simply because of the

resistance offered by the outer limiting membrane to the passage

Df colouring matter ; so deeply may the endosporium be stained

that it is now supposed that it contains a considerable quantity of

miclear substance. The dark outline is usually surrounded by a

delicate gelatinous envelope especially well marked near the two
poles of the refractile spore. When spore formation is well

advanced, degeneration of the protoplasm of the bacteria in which
spores are found invariably follows ; where the spores are large they

readily escape from the degenerating bacillus, but where they are

small they may lie for some time embedded in the protoplasm of the

cell, which, only as it degenerates or dies, leaves the resting spore

free to be carried about by currents of air or water, to be developed

when the conditions as regards moisture, temperature and food, again

become sufficiently favourable. In the anthrax bacillus (Plate I.

Fig. 4) the spore seldom exceeds the diameter of the rod in which it

is developed ; in other cases, when the diameter of the spore exceeds

that of the bacterium, it gives rise to the formation of a spindle-

shaped organism when situated in the centre, or to a drum-stick- or

pendulum-shaped organism when situated at the end, as in the

case of the Bacillus tetani (Plate II. Fig. 13). These spores are

important because they are much more resistant to unfavourable
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conditions and to bactericidal agents than are the vegetative organisms.

Most of the vegetative organisms when desiccated rapidly lose their

vitality—the cholera bacillus, the typhoid bacillus, and others some-
times succumbing in as short a period as twenty-four hours. Spores,

on the other hand, may be dried, treated with chemical reagents, if

not too strong, and if, after all, they are again placed in favourable

conditions, they develop into this vegetative form, the spore ger-

minating out like a seed, the endosporium making its way through
the membrane which becomes ruptured either at the end or the side,

as the case may be.

The importance of the study of the conditions under which
these spores may be produced is well seen on considering the method
of formation of spores by the anthrax bacillus when it has attacked

an ox. During the life of the animal, whilst the bacillus is confined

to the blood and lymph spaces in the tissues, it will be found that

not a single spore is developed, and if the animal be buried deep
down, with an unbroken skin, and before the discharges from the

nostrils and other orifices of the body have been allowed to come in

contact with the air for any length of time, no spores will be
developed, and the anthrax bacillus will die out as the carcase

becomes decomposed. Should the animal be left exposed for any
length of time, however, wounds being made in the skin and dis-

charges flowing from the various orifices, the bacilli as they come
into the presence of air soon form spores which resist the action

even of putrefactive organisms, and may i*emain a source of infection

on a farm for some time after the animal has been buried. Splashes

of blood, or of discharges, all represent foci from which the spores

may spread, and gain access to the manure heaps or other organic

matter so plentiful about farms and at the margins of ponds, where
they in turn may form dangerous infective centres. Similarly the

spores of the organisms found in tetanus and malignant oedema are

a constant source of danger in any soil to which they have once

gained access. Spores seem to be very susceptible to the action

of the actinic rays of light.

A second form of spore described, but not yet thoroughly

understood, is the arthrospore, which consists rather of a modified

individual in a group of organisms than of a separate structure in an
individual organism. For instance, it is held that a single element

in a chain of cocci may become so modified as to be more resistant

than its fellows, remaining alive after the others have been de-

stroyed, resisting the action of the various unfavourable surround-

ings, and then, when again placed in suitable conditions, developing,

multiplying, and keeping up the species.

4. Culture diagnosis.—At first sight it would appear to be

hardly necessary to draw attention to the appearance of colonies of

micro-organisms that have grown to such a size that they may be

readily distinguished with the naked eye. But the distinct morpho-

logical characters of micro-organisms are so few, that in order to

classify bacteria we must have recourse to every fact that has yet
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been observed, not only as to their structure and functions, but also

as to their growth en masse. The functions may vary very greatly

even in the case of micro-organisms which are apparently morpho-
logically identical, whilst similar functions are sometimes observed

in organisms which under the microscope present very marked and
characteristic differences.

The most prominent of all the naked-eye features is colour ; the

Bacillus prodigiosus produces the well-known blood-red appear-

ance which gives rise to what is known as " bloody sweat " ; the red

bacillus from the harbour water of Kiel has also a characteristic

colour ; whilst the magenta micrococcus, the Bacillus violaceus, the

Bacillus pyocyaneus, the bacillus of blue pus, and the blue milk

bacillus, may be instanced as bacteria in which colour formation is

a most characteristic feature, often enabling us to distinguish one

micro-organism from others which have very similar or even identical

microscopic appearances.

Some of these colour-producing organisms, and a number of

others, have an additional function, that of digesting, peptonising,

and liquefying a gelatine medium (Fig. 1) in which they are growing;

others, however, do not develop this power of digestion, so that here

again is a diagnostic feature which facilitates the classification of

certain groups of micro-organisms. This power of peptonisation is a

feature of very great importance in the series of pathogenic germs,

as it is found that a large number of the parasitic infective bacteria

possess it in a most remarkable degree ; in fact, in some cases the

degree of peptonisation appears to run concurrently with the patho-

genic activity of the micro-organism, though there are undoubtedly

exceptions to this rule. Two very prominent examples, the anthrax

bacillus and the Staphylococcus aureus, may be taken, The virulent

anthrax bacillus sets up a rapid liquefaction of the gelatine ; this

begins at the surface (Fig. 2) and becomes less and less as the

surface is left. The Staphylococcus aureus, or, as it was first

described by Becker, the staphylococcus of osteomyelitis, when
active, also

J
sets up extreme liquefaction, the gelatine becoming

slightly turbid and the organism falling down through the lique-

fied gelatine to form an orange-coloured mass at the bottom of a

kind of funnel. Other examples will be found in the descriptions

that follow.

Much information may be gathered as to the functions of

bacteria, by growing them on milk. The proteids in the milk

may be simply precipitated as the result of an acid fermentation,

the casein being thrown down in larger or smaller flakes in different

cases. Again, the casein may be first precipitated and then digested

or peptonised by the action of enzymes, or the enzyme may come
into play at once and bring about peptonisation of the casein, with-

out the intervention of any preliminary coagulation. Then, too,

the physical characters of the milk—its appearance, taste, and
smell, and its chemical reactions—may indicate the formation of

different colouring matters, various acids, alcohols, ethers, and
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other volatile substances, some of which have already been fairly tho-

roughly worked out, whilst much still remains to be done at others.

Certain organisms, especially those which may be grown anae'ro-

bically, have the power of producing gas, which, collecting around
the organisms in the deeper layers of the nutrient media, appears
as small bubbles. This formation of gas is sometimes a point of

considerable diagnostic value, as, for example, in distinguishing

certain organisms which, though morphologically resembling the

tetanus bacillus, have the power of developing gas, a function

which does not belong to the tetanus bacillus, so

that if gas bubbles are formed in any culture in

which the tetanus bacillus is present, it is not a

pure culture of that organism.

Certain organisms have also the power of pro-

ducing a phosphorescent glow, especially when they

are supplied with special food materials, the energy

which they develop from this food material assuming
the form of light.

5. Production of toxines.—From the point

of view of the pathologist, however, the most im-

portant products of these organisms are what may
be spoken of as toxines and toxic albumoses, pep-

tones, alkaloidal bases, and poisonous or poison-

forming acids. At the same time the whole of the

ordinary decomposition products, beginning with the

ptomaines, leucine, tyrosine, and the aromatic and
organic acids, and ending with ammonia, nitrites,

nitrates, and ultimately carbon dioxide, hydrogen
and nitrogen, are formed. Many micro-organisms

have the power of forming hydrolytic ferments,

amongst which may be mentioned those having the

properties of diastase, of invertine, pepsine, tripsine,

by which the ordinary liquefaction of gelatine is

brought about, and of rennet. We thus see that

the vital manifestations of these organisms are ex-

ceedingly complex, and that each organism or group

of organisms requires to be separately studied in

order that its morphology and functions may be accurately defined.

6. Conditions Of bacterial life.—In order that bacteria may
grow and multiply and give rise to the products above mentioned, it

is necessary that they should have suitable food, some of them re-

quiring proteid or albuminous substances for their nutrition, others

living on carbohydrates. They all require water, carbon, nitrogen,

oxygen, hydrogen, and certain inorganic salts, the most important

of which appear to be those of lime and potassium. They differ

very greatly as regards their power of obtaining the materials they

require from these various substances : they are unlike plants in

so far as they are unable to assimilate carbon dioxide. Some are

able to obtain their carbon and oxygen from starch and sugars,

m

ig. 2.—Cultiva-
tion of Bacillus
of Anthrax.
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from certain organic acids, and from the glycerine group, whilst

others seem to have the power of wresting the food materials only

directly from proteid substances. In all cases the hydrogen and
oxygen are separated partly from the breaking-down food molecules,

partly from water and partly from the air. Certain organisms seem
to have the power of taking up their nitrogen from the atmosphere,

though this power is apparently somewhat restricted in its distri-

bution. It may be stated generally, that the more parasitic the

organism the less capable is it of taking up food from carbohydrates

or sugars.

It may be well at this stage to point out that certain bacteria

grow best when they are able to obtain a free supply of oxygen from
the air, without which they are unable to carry on their full pepton-

ising, enzyme-forming, or colour-forming function. Such organisms

are described as aerobic; when cultivated on gelatine they always

grow most vigorously near the surface ; the peptonised area, when pre-

sent, is usually funnel-shaped {see Fig. 1), and the formation of pigment
goes on principally near the surface or in that part of the medium in

which the oxygen has become mechanically entangled. Some bacteria,

which are known as obligate aerobes, can grow only in the presence

of oxygen ; others again, which are sjDoken of as facultative aerobes,

may become so modified that they can wrest their oxygen from the

nutrient medium in which they are growing. It should be noticed

that wherever this occurs, unless the growth of the organism is

exceedingly feeble, the breaking-down of food material and the pro-

duction of secondary products are much more marked than when the

organisms have free access to oxygen.

Other organisms, as for example the tetanus bacillus, can grow
and produce their special products only when air is rigidly excluded

(Fig. 3) ; even when such organisms do grow feebly in the presence

of air, it is found that they do not give rise to the special products by
which their presence is characterised in the non-aerobic growths. They
are termed anaerobic. Such organisms appear to be capable of de-

veloping their special functions only when they draw the elements

of their food from complex nitrogenous food or carbohydrates, of

which there is always a far greater disintegration, accompanied by
the production of greater quantities of specific and aromatic sub-

stances, than in the case of those organisms which obtain their oxygen
from the air. The tetanus bacillus and the bacillus of malignant
oedema are perhaps the two most typical anaerobic organisms with
which the surgeon has to deal.

Most of the organisms of interest to the surgeon are parasitic,

living on or in the higher animal body. A few, such as those

producing leprosy and relapsing fever, have never yet been cultivated

outside the host, so that they must be spoken of as strictly obligate

parasites. The conditions of growth of the tubercle bacillus outside

the animal body are also so restricted that it practically comes under
the same heading, although it is possible that under certain con-

ditions it might grow outside the body. Facultative parasites arc
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those 'which, though usually living outside the body, are capable
under certain conditions of taking up their lodging in an animal host
and of there, usually, giving rise to definite pathogenic conditions.

A saprophytic organism is one which is capable of growing on
dead organic matter, i.e. outside the animal body. The terms
obligate and facultative are applied to saprophytes in very much
the same way as they are applied to parasites, obligate saprophytes
being unable to exist as parasitic organisms, and the facultative

saprophyte being a parasitic organism which can continue its growth
and multiplication on dead organic matter—anthrax
tetanus and malignant oedema bacilli may all, under
certain conditions, become facultative parasites and
alternately facultative saprophytes.

It is important for the surgeon to remember that

most organisms are saprophytic, and that even those

that now exert a pathogenic influence are apparently

derived from a saprophytic stock. Indeed, the con-

ditions favourable to the growth of saprophytic organ-

isms are so widespread and the part they play in the

process of putrefaction and conversion of dead material

lor the use of plants is so definite, whilst the agencies

inimical to the vitality of the pathogenic organisms

are so numerous and effective, that the keeping down
of the number of disease-producing germs should be a

comparatively easy matter. The obligate parasites are

confined to certain regions where the conditions are

such that they can be passed on directly from indi-

vidual to individual, but the facultative parasites,

which are able to assume a saprophytic existence

—

take the anthrax bacillus, for instance, which can

flourish on the refuse of a farmyard—are much more
dangerous organisms. In the same way those organ-

isms which, through the formation of spores, are capable

of continuing their species under unfavourable condi-

tions are more difficult to get rid of than the more
easily killed non-spore-bearing micro-organisms, such as

the cholera bacillus.

7. Temperature conditions.—The majority of the pathogenic

micro-organisms develop most readily and luxuriantly at the tem-

perature of the human body. Some will grow at the temperature

of the room—15° or 16° C, but any temperature below 30° 0. or

above 42° 0. usually leads to a diminution of their virulence or of

their vital activity. It is scarcely necessary to consider the tempera-

tures (outside the limits) at which organisms retain their vitality or

are killed off ; but speaking generally, it may be stated that most

bacteria cease to grow at a temperature of 5° to 10° 0. on the one

hand and above 45° to 50° C. on the other, though certain species

have been found which are capable of exhibiting vegetative and

functional activity even beyond the limit (65° to 70 D C).

Figr. 3.—Cultiva-
tion of Bacillus
of Tetanus.
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8. Distribution and habitat.—Bacteria are so widely 'distri-

buted that it may be well to consider, briefly, the positions in which
they occur, and from what points surgical wounds are usually

attacked. It was for long supposed that most of the organisms

setting up suppuration, hospital gangrene, and similar conditions,

were carried by air currents, but it is now generally accepted that

comparatively few organisms, and only those that can survive the

entire absence of moisture and are adherent to particles of dust, can

be carried in this manner. Most of the pathogenic and pyogenic

organisms are incapable of continuing their existence in the absence

of moisture, so that the danger of infection through the air is com-

paratively slight, though it is one that cannot be neglected, especi-

ally where large numbers of organisms are being thrown off from a

dry warm surface, or are present in a heated atmosphere where
currents are numerous and strong. There are, as a rule, com-
paratively few pathogenic organisms found floating in the atmo-

sphere except when dust, to which groups of micro-organisms will

be found to adhere, is being blown about. Pyogenic organisms,

however, have been repeatedly found in the air of inhabited rooms,

but this is explicable by the fact that these organisms are so fre-

quently met with even on the surface of healthy bodies. In some
experiments carried on by Dr. Cartwright Wood and myself, we
were able to prove that tubercle bacilli were present in considerable

numbers in the air of a room in which were a number of tubercular

animals. Similar observations have been made by other observers.

The surface of the soil, especially that holding a large quantity of

organic matter, contains large numbers of micro-organisms, most of

which are instrumental in carrying on the processes of putrefaction

and in breaking-down highly organised matter into its simpler

constituent elements. There may be an entire absence of free

micro-organisms from the subsoil at a greater depth than five or six

feet, except where they have been washed down by water percolating

rapidly through the upper layers. Most of these micro-organisms

are saprophytic in character, but as already pointed out, the anthrax

bacillus may be a source of danger for some time after it has found

its way on to surface soil ; whilst the bacillus of tetanus and that of

malignant cedema, which are very frequently present in cultivated

soil, are factors in a danger which cannot be ignored by the surgeon.

Water contains a very large number of bacteria, some washed
from the surface of the soil, whilst others, the so-called water
organisms, can be found only in water and are most of them
non-pathogenic. These water organisms flourish at a compara-
tively low temperature, but some are not at all easily cultivated

artificially except under conditions similar to those maintained in

streams. To the surgeon, the presence of water organisms is of

comparatively little importance, as even the most resistant of them
may be killed if the water be boiled for a few minutes.

The free surfaces and cavities of the human body are all main-
tained moist and at a temperature suitable for the growth of
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micro-organisms ; all the conditions for the deposition of bacteria on
and in these surfaces and cavities are of the most favourable char-

acter. The moist skin is exposed to the action of currents of air

which carry micro-organisms ; the hands are constantly coming in con-

tact with all kinds of objects on which bacteria accumulate, whence
they may be readily distributed over the surface of the body. The
ducts and glands of the skin are all filled with secretions in which
bacteria may thrive. The nose and the mouth, with their moist

walls and filtering surfaces, keep back an enormous number of micro-

organisms taken in with the air-borne dust which we are constantly

inhaling ; whilst the alimentary canal is frequently, though more
intermittently, invaded by numerous species of bacteria, many of

which are ingested with our uncooked food. It thus comes about

that so many of the organisms at present known have at one time or

other been described as present in the mouth.

More than one hundred distinct species have been found on the

surface of the skin by Welch, who has made a special study of the

subject ; he says " all sorts of bacteria are brought . . . into contact

with the skin and exposed mucous surfaces, but most of them are en-

tirely harmless, and are sooner or later removed. There are, however,

certain bacteria which are found so constantly or with such frequency

in these situations that we can properly speak of a definite bacterial

floi'a of the skin, of the mouth, of the nose, of the intestine, and of

the vagina. Thus, in the epidermis and the glandular appendages of

the skin we find regularly a Staphylococcus epidermidis albus ; in

the mouth, leptothrix and spirillar forms which will not grow on our

ordinary culture media ; in the intestine, the Bacillus lactis aerogenes

and the Bacillus coli communis ; and in the normal acid secretion of

the vagina, the Bacillus vaginalis. Other species are usually mingled

with these regular inhabitants, among the most common and im-

portant intruders being the pyogenic cocci, and in the mouth also

the Micrococcus lanceolatus. When the vagina contains pyogenic

cocci, its secretion is generally altered in reaction and appearance.

These ordinary surface bacteria cannot in health, when in contact

with the skin and mucous membrane, penetrate into the circulation

and the internal organs, or, if now and then they do happen to make
their way into the circulation, they are in health quickly destroyed.

The internal organs and fluids are normally entirely free from micro-

organisms." Some of these bacteria, though usually harmless, may
under certain conditions give rise to serious lesions, whilst others,

pathogenic in every sense, may be said to be lying in wait to effect

an entrance through an abrasion or wound intentionally made.

It must be borne in mind that the skin and mucous membrane

—

moist rough surfaces—are not only good collecting grounds, but are

also surfaces on which many micro-organisms can develop very

readily. In fact, we find, in addition to ordinary non-pathogenic

organisms, a considerable number of the pus-forming organisms

constantly present on the surface of the skin, whilst in the oral and

nasal cavities certain organisms seem to flourish, in spite of the fact
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that sputum exercises a certain deleterious influence on many of the

pyogenic organisms. Those found in the nose are specially the pus-

forming organisms and the bacillus of Friedlander, whilst under
special conditions the bacillus of rhinoscleroma, the Bacillus fo3tidus

ozsense and the bacillus of glanders have been met with, in addition

to a considerable number of unimportant non-pathogenic organisms.

The organisms found in the mouth may be said to include almost every

one that can be carried in dust, and in addition to those specially

described by dental surgeons, the various forms of pneumonia
bacilli, pyogenic cocci, the Streptococcus articulorum, the bacillus

of tuberculosis, and the bacillus of hemorrhagic septicaemia have
all been found.

It is interesting to notice that the mucous membrane of the

bladder, the uterus, the Fallopian tubes, and the urethra are in

healthy individuals entirely free from micro-organisms, although dis-

charges, when they have reached the vagina, may be found to

contain pus-forming organisms. In cases of puerperal septicaemia,

these pus-forming organisms are compai*atively frequently found in

the discharge within the uterus.

9. Methods Of invasion.—The method of invasion of the

body by micro-organisms, and the conditions that are favourable

and unfavourable to the development of pathogenic micro-organ-

isms may be briefly indicated. It was first pointed out by Lister

that even in the case of wounds that were apparently aseptic,

small points of suppuration often made their appearance around the

stitches of the suture, and it was for some time supposed that these

small points of suppuration were due entirely to the tension set up
by the presence of the tight sutures. Although this tension, by
acting mechanically on the tissues, may, undoubtedly, have some-

thing to clo with the production of pus, or rather with maintaining

the conditions under which pus is formed, it has been demonstrated

that the actual pyogenic factors are bacteria, which, present in the

skin, are only able to develop and manifest their presence under
certain conditions. The presence of the tight suture interferes

greatly with the vitality of the tissues ; the cells which normally

keep the micro-organisms in check are no longer able to exert their

inhibitory action, and the great obstacle to the growth of micro-

organisms is removed. Beyond this, however, in the slight serous

effusion which for some time contains comparatively few cells, the

pyogenic micro-organisms are enabled to develop much more lux-

uriantly than in the less favourable excretory products found in the

skin. The spaces between the stoands of the suture absorbing
nutrient fluids, are also favourable cultivation areas for pyogenic

bacteria, which, enabled to develop rapidly and along with their

products to get a start of the tissue cells, acting on these cells, set up
localised suppuration, the surrounding comparatively healthy tissues

ensuring localisation by keeping the bacteria in check.

Wounds of the skin, unless protected, are always liable to be
invaded by saprophytic organisms, but it may be laid down as a
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general rule, that the less the injury to the tissues, and the more the

effusion of blood and serum is checked, or, if such effusion does

occur, the more carefully it is all removed, the less risk of bacterial

invasion, and if bacteria do find their way into the wound, the more
readily and completely are they dealt with by the tissues. Although
a bruised wound heals readily enough when bacteria are carefully

kept out, suppuration almost invariably occurs in a similar wound
when bacteria gain access to the injured tissues ; in the one case

there is a clean slough or a gradual absorption of the dead material

;

in the other there comes away a putrid mass which may leave a

suppurating surface. The ultimate result, as regards the lesion

itself, may be the same, but the constitutional disturbance—the

local pain and inflammation—is vastly greater in the one case than

in the other. The surgeon who has had experience of wounds made
with dirty infected knives or weapons, recognises only too well 'the

dangerous results following the most insignificant lesions. A punc-

tured dissecting wound, the slight lesion made with a dirty fish-

bone in the mouth or in the hands, may be almost as dangerous as

one made with a poisoned arrow ; whilst even in those cases in which
no general disturbance follows, local suppuration almost inevitably

ensues. The wound from a rusty nail, a fragment of broken glass

bottle, or a dirty splinter of wood that has been lying on the

gTound, may suppurate owing to the presence of pyogenic micro-

organisms that have remained alive on clamp warm soil; or an attack

of tetanus or malignant oedema, or even anthrax, may be set up, the
particles of rust or the open texture of the wood offering not only a

nidus for the organisms but spaces in which serum may accumulate

for the nutrition of the contained organisms. The bruising of the

tissues which usually occurs when wounds are produced by the

above agents, is also a most important factor in the production

of disease ; the cells which normally destroy bacteria are so far

injured that they are unable to do their proper work. Dirty and
blunt instruments, especially those that have been used in the treat-

ment of septic cases, are just as deadly as rusty nails and dirty fish-

bones. The coagulated blood from a septic case on a pair of bone

forceps, or on a blunt knife, may be a focus of infection quite as

dangerous as the carcase of a cow (dead from anthrax) left in an
open field. Ordinary cleaning of such instruments is not sufficient

to remove the coagulated blood, and even the somewhat prolonged

action of such antiseptic agents as have a coagulating effect on
albumen, is not sufficient to render the whole of such foreign matter

aseptic, the micro-organisms contained in it, protected by the coagu-

lated albumen, remaining alive and capable of doing their deadly

work. In connection with all this it is now recognised that a

sharp knife should be used in order to avoid unnecessary bruising of

tissues, this quite apart from the question of rapidity of operation

and the comfort of the operator ; that no soft tissues should be torn

with forceps, which are necessarily blunt ; that scissors should be

used as little as possible, and that the chisel should be used for bone,
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only after the periosteum has been carefully divided, and that

wherever the chisel is used, bruising of the surrounding soft tissues

should, as far as possible, be avoided. It would not be necessary to

lay such stress on these points could we be absolutely certain of

eliminating the action of bacteria in every surgical operation.

It is more difficult to clean instruments than was at one time
supposed, and it is now recognised that if instruments are to be

kept scrupulously clean, they should be washed first in cold water
immediately after they have been used (a cold f per cent, saline

solution is probably the best for this purpose), then after the removal
of the whole of the albuminous material (the fatty matter being

removed by means of hot water) the instruments should be soaked

in a 5 per cent, watery solution of carbolic acid, or, better still,

subjected to moist heat in one of the numerous surgical sterilisers

now in the market—that devised by Cathcart being one of the best

for this purpose.

It has already been mentioned that special conditions appear to

be necessary for the local development of pathogenic and pyogenic

organisms ; for instance, the diphtheria bacillus and the bacillus of

pneumonia, the Bacillus lanceolatus and other bacilli, have been
demonstrated in the mouth in perfectly healthy individuals, and it is

only reasonable to suppose that these organisms do not produce

their pathogenic effect simply because they can find no vulnerable

point in the mucous membrane with which they are in contact.

The protection afforded by the surface of the skin is so complete

that the presence of pyogenic organisms on its surface is of constant

occurrence in healthy individuals, without the slightest inconvenience

resulting. Becker in his studies on the micrococcus of osteomyelitis,

now known as the Staphylococcus pyogenes aureus, pointed out that

even when injected into the circulation the micrococcus produced no
appreciable result ; when, however, the bones of the leg of a rabbit

were crushed and fractured before the micrococcus was injected, the

animal died in about a fortnight, presenting at the seat of the fracture

the usual appearances of osteomyelitis (Plate II. Fig. 10), and the pus
removed was found to contain enormous numbers of Staphylococcus

pyogenes aureus. It is interesting to note, however, that more
recent experimenters have succeeded in setting up a similar condition

of osteomyelitis, even without first injuring the bone in any way.
Periostitis too, in many cases a perfectly simple condition, is some-

times associated with the most virulent septic inflammation, leading

to suppuration, separation of the periosteum, and, often, a general

infection. The only explanation of these acute cases (which almost

invariably only follow bruising of the periosteum) is that the

organisms have been temporarily and accidentally present in the

circulation before the bruising occurred, and that it has only been
when the tissues have had their vitality lowered by injury that the

bacteria have been able to exert their specific powers.
Bacteria are undoubtedly transported from point to point by the

blood in the blood-vessels ; of this we have evidence in the condition
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of septic endocarditis, where the bacteria must have come directly in

contact with the surfaces of injured or roughened valves ; whilst septic

emboli are known to be of comparatively frequent occurrence. It is

not always so easy to follow the spread of the more slowly-growing
organisms by this path, though quite recently, considerable evidence

has been brought forward in support of the theory that tubercle

bacilli may make their way by blood-vessels to the ends of long

bones, to which they can only have gained access by the large

nutrient arteries of the shaft, or of the smaller nutrient vessels

passing in at the ends to nourish the epiphyses.

The erysipelas organism may be taken as a type of the organisms

which spread by the lymphatic spaces and vessels. Here they set

up an acute, partially localised, but gradually spreading lymphan-
gitis. The lymphangitis occurring in the early stages of poisoned

wounds has come within the experience of most observers.

Most pathogenic micro-organisms appear to have the power of

producing toxic substances, some of which, although they have a

stimulating effect on the protoplasm of the cells, gradually cause

exhaustion of their powers, so that ultimately these cells become
depressed and incapable of resisting the attack of the bacteria. The
changes produced in the protoplasm may be so profound that the cells

undergo more or less complete degeneration. In the case of pyogenic
organisms, and of the tubercle bacillus, the devitalisation of the

cells is such a marked feature that the presence of toxic products

was eai'ly suggested as the cause of the changes set up ; but only

comparatively recently has the importance of this factor been recog-

nised in connection with such organisms as the tetanus bacillus.

When this organism is inoculated alone, that is, as pure culture

separated from its products, it appears to be incapable of producing

any lesion, either local or general, the active tissue cells being able

to destroy the organism before it has time to produce any of its

poisons or to exert any markedly deleterious action on the tissues.

If, however, even a small quantity of the poisonous products of the

organism, or of certain non-pathogenic bacteria, or of such a substance

as lactic acid be introduced along with the pathogenic organism,

the tissues appear to be so paralysed or pre-occupied that they are

no longer able to prevent the vital manifestations of the micro-

organisms, which are left free to multiply and elaborate their

poisonous products from the proteid nutrient material contained in

the tissue fluids.

It has been stated that tetanus bacilli protected in threads,

in splinters of wood, in collections of fluids, or in clots to which
the tissue cells cannot gain direct access, are specially deadly; and
this for two reasons, (1) they are well provided with nutriment

and suitable temperature and moisture, and (2) consequently are

able to produce large quantities of their products which act upon
the surrounding tissues.

As regards the invasion of the various cavities and channels of

the body, it must be recognised that distinct protective barriers are
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erected at various points, and that it is only when these barriers

are removed that bacterial invasion can take place. For example,

no bacteria are found in the healthy bladder ; the external meatus
of the urethra is so small, and the sides of this channel are so closely

apposed when urine is not being expelled, that bactei-ia never make
their way beyond the entrance. Then too, owing to the constant

contraction of the bladder muscle, the current is always in one direc-

tion, so that unless bacteria be introduced by means of a dirty catheter

or sound, invasion of the bladder by bacteria is of very rare occur-

rence. The restrictive action of the walls of the meatus and urethra

is due to the direct action either of the cellular protoplasm, or of

some secretion of the lining epithelial cells. The moist mucous
membrane of the nostrils, of the moxtth, and of the upper part of the

pharynx is usually sufficient to catch and prevent the further passage

of bacteria from the air into the respiratory channel, whilst the

ciliated epithelium setting up currents away from the trachea, is

constantly bringing about the return of solid particles to the

upper part of the larynx. Other cavities appear to be protected

by the action of the sphincters as well as by the secretions of

the mucous membrane covering their walls.

10. Predisposition.—Although bacteria must now be looked

upon as the prime causal agents in the production of certain sui'gical

fevers, the fact is being daily more insisted upon that the old ideas

regarding racial, individual and tissue predisposition, are of very

great importance in relation to infection. The whole idea of pro-

tective inoculation and acquired immunity rests on the fact that

these varying susceptibilities to various diseases are present in differ-

ent species and under different conditions. Thus the tubercle bacillus

finds a much more congenial soil for its growth and development
in certain tissues, in certain people, and in certain species, than in

others ; the extent and duration of the infective process varying

with the degree of susceptibility of the tissues or organism attacked.

On the other hand, it has been noticed that the tubercle bacillus

itself may become so modified, by being placed under different sur-

roundings, that it may set up a modified form of tuberculosis. The
importance of these two factors is very great, and should always be
borne in mind when the question of infection is under consideration,

as it is only by the careful consideration of many of the facts

associated with these factors that the true meaning of bacterial

infection in different surgical cases can be appreciated.

It is much more easy to trace the local predisposing causes

in surgical than in medical diseases. In the former, of course,

we have a local susceptibility wherever wounds or lesions of the

tissues (such as inflammations, ulcers, death of a part, haemorrhage,

accumulation of fluids in serous or other cavities, and the presence of

foreign bodies, especially those of a porous or absorbent nature) in

which fluid, removed from the influence of the surrounding tissues,

may accumulate ; in this fluid, organisms carried in along with the
foreign bodies, or following them, have a favourable nidus, in vhich
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they may multiply and develop their products, so gaining a firm

foothold from which to attack the surrounding tissues. Even the

diphtheria bacillus, which, for the present, we may look upon as con-

nected with a surgical disease, is not usually able to invade perfectly

healthy fauces and tonsils ; if, however, these parts become slightly

inflamed, and there is slight exudation or ulceration at any point, the

bacilli are enabled to gain a foothold ; they give rise to their special

toxic products and acute inflammation accompanied by exudation of

fibrinous lymph, rapid degeneration, and necrosis of the special tissues

results. Then too, although the Bacillus diphtheria? cannot exist either

in the blood stream or in the lymph channels, except immediately

around the lesion, the poison secreted by the diphtheria bacillus is

transported to all parts of the body, and by its action may give rise

to marked degeneration of the peripheral nerves, and sometimes of the

muscles supplied by them, thus setting up the characteristic peripheral

paralysis, whilst at the same time other organisms, taking advantage

of the lowered vitality of the tissues and fluids at the seat of the

disease, may take the opportunity of making their way by the

various channels into the surrounding tissues, and even into distant

organs.

One of the best examples of a localised predisposition in medical

diseases is the septic ulcerative endocarditis, which results from the

deposition of bacteria—Staphylococcus pyogenes aureus and Strepto-

coccus pyogenes aureus—upon roughened or lacerated valves. The
predisposition to osteomyelitis, when bones are fractured, before the

Staphylococcus pyogenes aureus is injected into the blood sj^stem, has

already been referred to. Another surgical example is found in an
attack of bone tuberculosis, which almost invariably dates in the

mind of the patient from a bi-uise or injury of the affected bone.

It cannot be too strongly insisted upon that everything which
lowers the general condition of the patient, predisposes to infective

sui'gical diseases—overcrowding, vitiated atmosphere, want of clean

liness, bad hygienic conditions, including bad and insufficient food

and exposure to extremes of hot and cold, want of sleep, imperfect

or irregular evacuation of the excretions, excitement or emotion

—

an influence all important to the surgeon now that many of these

factors have actually been found by experiments on animals to

predispose to certain forms of disease. Haemorrhage, at one time

so constantly associated with surgical operations, has been found to

increase the susceptibility of animals to the attacks of the anthrax

bacillus and of the micrococcus of osteomyelitis by the anaemia it

produces. Glycosuria has such a marked influence in predisposing

to tubercular and purulent infection, that most surgeons dread to

have anything to do with diabetic patients. The same holds good

in cases of albuminuria, although local changes in the kidney

may, in part at any rate, account for the special vulnerability of

that organ.

It would appear that in all these conditions there is some general

factor at work, and Metchnikoff maintains that the factor to be
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specially taken into account is the leucocyte, in which, he contends,

we have the first line of defence against the invasion of micro-

organisms.

11. The mode of action Of bacteria.—Since the more sys-

tematic examination of the products of bacteria has been undertaken,

much light has been thrown on the question of how these bacteria

act. Some investigators have gone so far as to assume that the

whole subject could be resolved into one based on the action of

organised poisons. When, however, we come to consider that certain

disease-producing organisms can produce their poisonous products

outside the body, i.e. from dead organic matter, whilst others produce

theirs locally in some accumulation of fluid or on a devitalised sur-

face ; that some organisms are killed off in the blood but retain their

vitality when injected into subcutaneous or other tissues, especially

if these tissues be bruised, but that others, again, appear to have the

power of parasitic growth even within the blood-vessels, either free

or on deposits of fibrin, it is evident that the method of attack

must vary very greatly in different forms of bacterial disease.

Speaking roughly, the bacterial surgical fevers may be classified

under three headings : (1) Saprsemia or true toxaemia, in which
the products only of bacteria find their way into the system ; under

this heading two sets of conditions may be included : (a) in the case

of the tetanus bacillus the manufactory may go on entirely outside

the body, and the products of the organism, finding their way along

with earth into a bruised wound, may set up a distinct tetanic con-

dition before the micro-organism has had time to develop any fui'ther

products within the body
;

(b) in other cases of tetanus the bacillus

is introduced locally into devitalised tissues : here a fresh quantity

of poison is developed by the multiplying organisms at the seat of

injury, and is absorbed into the body, the bacilli remaining strictly

localised. In diphtheria there is a similar toxic condition arising out

of the development of poisonous products which are carried into the

system, although here again the bacilli are strictly localised to the

seat of original invasion. (2) In the case of true septicaemia, not

only the bacterial products ; but the bacteria themselves, find their

way into the distant parts of the body ; of this there are many
examples among the lower animals ; such diseases as anthrax and
acute hemorrhagic septicaemia may be taken as examples in the

human subject. In the latter disease it is evident that the specific

bacteria or their products are acting directly on the walls of the

blood-vessels. (3) In order to create a further class for cases in

which there are distinct clinical appearances, the old term pyaemia

may be retained to denominate those cases in which we have the

presence of abscesses, the result of septic thrombi or emboli, the

active agents in these thrombi and emboli being bacteria which
have usually found their way into the body by way of some acci-

dental or surgical wound. (See Art. VIII.)

12. The nature of the toxic products.—The nature of the

toxic products of the more important bacteria has been worked out
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almost entirely in connection with those which are associated with sur-

gical diseases. That exceedingly soluble poisons are formed by these

organisms is evident from the fact that in the cases where the lesions

are strictly localised the constitutional disturbances may be strikingly

marked, especially in those conditions with which the surgeon has to

deal, or which through usage come specially under his notice ; thus

malignant or septic oedema, symptomatic anthrax, tetanus and
diphtheria, are all characterised by this peculiarity, and although

the surgeon is called upon to treat the local lesions in order, if

possible, to cut out the manufactory of these poisons, the rate of

absorption of the formed poisons is so great that the most profound
toxic symptoms may continue up to the death of the patient, even
after the removal of the local lesion or after the destruction of the

bacteria in this lesion. On the other hand, in the septicaemias

(accepting this term in the sense in which we have already defined

it) the local lesion may be of the most trifling nature ; it has simply

served as the point of entrance of organisms, which, enabled to

multiply in the blood, and especially in the internal organs, are

capable of setting up serious constitutional disturbances similar, in

many respects, to those that follow the absorption of poison from the

local lesions. Such diseases are characterised at some period or

other (usually a short time before the death of the patient) by the

presence of micro-organisms in the blood, as, for example, in cases of

anthrax, but especially in that group of diseases known as the

haeniorrhagic septicsemias, which in different animals are associated

with bacteria bearing a strong family likeness. For example, we
have the bacillus of rabbit septicaemia, of fowl-cholera, of the

septicaemia of deer, of mouse septicaemia (Plate II. Fig. 11), of

erysipelas in pigs, and the septicaemias set up by the Pneumococcus
or Micrococcus lanceolatus.

Most of the earlier attempts to separate the poisonous products

from cultures grown in special proteid media (in which only many
of these organisms can produce their poisonous products), were
directed to obtaining substances corresponding to the vegetable

poisonous alkaloids, which could be crystallised out by means of

special reagents. Panum's sepsines and Selmi's ptomaines were looked

upon as mixtures of such crystallisable substances. Then Brieger

separated from tetanus products distinct substances, one of which he

named tetanin, another teta?io-toxine, another spasmo-toxine, and a

fourth a basic substance (nameless), which when injected was found

to bring about a rise of the temperature of the animal into which it

was injected. These alkaloids, poisonous in a certain degree, are, how-

ever, incapable of producing the extraordinary results observed in the

diseases with Avhich they are associated, and it was soon recognised

that alkaloids are probably the result of the breaking-down of more
complicated and certainly of more virulent substances; especially as

these poisonous alkaloids, in turn, under the influence of oxidation,

lose much of their virulence. It was then naturally suggested that

the actual poisonous agent might be mixed with or entangled amongst
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the crystals, rather than form an integral part of them. An im-

portant crystalline alkaloid, however

—

phlogosin—has been obtained

by Leber from the products of the Staphylococcus aureus ; which
injected gives rise to marked suppuration. Similarly, Charrin has

found an alkaloid

—

pyocyanin—in blue pus, the Bacillus pyocyaneus
being able to form a similar substance in appropriate nutrient media
outside the body ; and Sidney Martin has succeeded in isolating a

poisonous alkaloid from anthrax blood and even from cultures of the

anthrax bacillus in alkali albumen.

Within recent years an impetus has been given to the study of

these poisonous products by Roux and Yersin, who, along with

Sidney Martin and others, have been able to demonstrate that in the

diphtheria poison there is no crystallisable alkaloid. Brieger, giving

the name of toxines to the poisonous products of bacteria as a whole,

divided them into crystallisable and non-crystallisable or amorphous
toxines, giving to the latter the name of tox-albumens or toxic

proteids, as they are found to give certain proteid reactions and ai*e

formed most readily from proteid substances. Even when they can

be built up from non-proteid materials, they are formed only through

the action of the protoplasm of the bacteria. But just as we have
now come to look upon the crystallisable alkaloids as the result of

the breaking-down of these proteid toxines, it is maintained by many
observers, as tirst suggested by Loeffler, and then by Roux and Yersin,

that the real toxic agent is something even more refined than the pro-

teid, which may serve merely to hold or entangle an intensely virulent

substance, probably of the nature of an enzyme or organised ferment,

which may vary somewhat in character, according as it is locked up
in globulines, nucleo-albumins, peptones, albumoses, or like substances.

Whatever may be the nature of the poisonous substance locked up
in the proteid molecule, there can be little doubt that we have not

yet arrived at its exact chemical composition ; and for the present

we can only extend our knowledge of these poisons by physiological

experiment, though the vast amount of clinical work that is being

done appears to promise results of great value to the physiologist,

the surgeon, and the physician.

It should be pointed out that the amorphous toxic products or

proteid poisons may be divided into two classes. The first of these

classes contains those which may be looked upon as secretions or

excretions of bacteria, or the result of the action of bacteria on the

surrounding media. These, as a rule, are exceedingly soluble, and,

so far as our knowledge at present goes, have a more specific action

than the second group

—

i.e. to them appears to be due the specific

activity of a micro-organism. The second group—one of very great

importance, from the surgical point of view—contains those poisons

which are more intimately bound up in the protoplasm of the
bodies of bacteria, and are set free only in very old cultures, or
when the bodies of the bacteria are treated with a strong alkali, or
when they begin to undergo degenerative changes. This group of

substances may be formed from non-proteid materials, though this
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is not usually the case. These substances, unlike the enzymes, are,

as pointed out by Buchner, extremely resistant to the action of heat,

as they remain capable of producing their specific effects even after

being boiled. They may be dissolved out by the action of alkalies,

and in alkaline solution they possess many of the properties of the

original substance. It is in consequence of the presence of this form
of proteid poison that the bodies of many bacteria, even when
rendered incapable of multiplication by the action of prolonged

boiling, have still the power of setting up local suppuration. Koch
and Mitchell Prudden and Hodenpyl have drawn attention to this

peculiarity of the protoplasm of the tubercle bacillus, and no fewer

than seventeen organisms have been found, which, even when dead,

have the same properties. They have not only the power of acting,

by what is called chemotaxis, on the leucocytes, attracting them to

the point at which they are placed, but they exert such an action

through the poisons they contain, that the leucocytes undergo

degenerative changes and death, and as a result suppuration is set up.

Proteids formed by bacteria vary according to the nutrient

media in which the cultivations are made. Thus, Hankin only

succeeded in producing the proteid poison of anthrax bacillus when
he grew it on sterilised fibrin, and Sidney Martin was only successful

in producing the anthrax albumose when he cultivated the bacillus

on alkali albumen.

The anti-toxines, which may be considered under the heading of

Immunity, are also apparently of a proteid nature, but little is known
of their chemical composition.

13. Immunity.—Individual insusceptibility to certain diseases is

so well marked that many people are said to be incapable of taking any
of the exanthematous diseases, whilst in the popular mind an attack

of one of these diseases is looked upon as an almost specific protection

against a second attack, and such insusceptibility is looked upon as

being to all intents and purposes permanent. This popular supposi-

tion is based upon well-accredited facts and figures. On the other

hand, it is supposed that a certain temporary protection is conferred

by a single attack of diphtheria or Asiatic cholera, bxit that this

protection gradually wears off; while there are people who are not

only not protected by a single attack, but seem to be even more
susceptible to future attacks. Hereditary or racial immunity or

susceptibility is also recognised. Koch early pointed out that field

mice resist the action of the bacillus of mouse septicaemia—an

organism intensely fatal to the house mouse ; whilst, on the other

hand, as insisted upon by Loeffler and Schutz, the field mouse is

susceptible to infection by the glanders bacillus, although white mice

and house mice resist the disease in a most remarkable fashion. This

resistance may often be readily overcome. If phloridzin be given in

their food to white mice, glycosuria, which follows the exhibition of

this drug, is set up, and the animals become immediately susceptible

to the action of the glanders bacillus. They have, in fact, lost their

immunity to glanders. It is sometimes said that anatomists and
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pathologists gradually acquire a certain immunity even against

septic poisoning. There can be no doubt that individuals differ

enormously as regards their susceptibility to poisoning by post-

mortem dissection wounds. Again, an artificial immunity may be

produced in animals against certain of what are known as surgical

diseases. Pasteur has carried out this on a large scale in connection

with anthrax. The same thing has been done with malignant oedema,

diphtheria, and tetanus, and a temporary immunity has been

obtained against the action of the erysipelas organism. A similar

immunity can be produced against the action of the Pneumococcus,

the Bacillus pyocyaneus, and the pyogenic bacteria, amongst which

may be reckoned the pyogenic staphylococci and streptococci, certain

members of the proteus group, and the Bacillus coli communis.

Sometimes protection against pus-forming organisms, of a more or

less complete character, may be observed, but at present no very

definite results have been obtained, and no attempt has been made to

apply the knowledge so obtained to the prevention of suppuration in

the human subject. It will be seen that the methods that have been

used to produce artificial immunity are, in most cases, of such a

character, that their employment would be attended with very con-

siderable risk, unless the exact conditions are moi'e definitely laid

down than they possibly can be at present.

It is well known that the number of virulent organisms injected

into the tissues, or into the blood, is a most important factor in

determining whether a disease shall be mild or acute ; and numerous
experiments have been made with the object of determining the

lethal dose of certain bacteria when exhibited in different ways. It

requires a certain number of tubercle bacilli to be introduced

subcutaneously in order to set up tuberculosis. Taking a less

harmful bacterium, Watson Cheyne showed that it requires 18

millions of the Proteus vulgaris to produce any appreciable patho-

logical effect, whilst to produce an abscess in an animal by the intro-

duction of the same bacterium it requires 250 millions ; in this case

it may be that the proteids contained in the bodies of these bacteria

are the causes of the chemotaxis and of the degeneration of the

attracted cells.

This factor of dosage has been utilised in the production of

immunity. To obtain such immunity, a dose, small enough not to

be fatal, of a living virulent culture of the specific micro-organism
against which the immunity is to be set up, is injected. A second
method is so far to attenuate the virulence of the specific micro-

organism, that comparatively large doses may be exhibited for the

purpose of setting up a mild attack of the disease ; in this method
the boundary line between non-lethal and lethal doses is very much
broadened.

Such attenuation of micro-organisms has been effected in various
fashions :—by the action of chemical reagents ; by the cultivation of

bacteria at slightly higher temperatures than those at which they
flourish most luxuriantly, for instance, in the case of the anthrax
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bacillus, at 42° 0., when all stages of attenuation may be obtained,

virulence being ultimately lost; by exposure to light and air on an
artificial medium ; by drying, which gradually kills certain organisms,

especially those which do not form spores ; by the growth of two
organisms side by side—the Bacillus pyocyaneus apparently yields

products which interfere with the virulence of the anthrax bacillus

;

and by the passage of bacteria through certain animals, in order to

diminish their virulence.

The third method of producing immunity consists in the intro-

duction into the body to be rendered immune, of the products oj

the specific bacterium against which immunity is to be obtained ; in

some cases the germ-free filtrate is used, in others the sterilised

cultures containing the dead bodies of the bacilli, which have been

killed by heat or some chemical reagent. This toxic matei'ial may
be heated or mixed with chemical agents which have the power of

weakening the activity of these bacterial poisons. Lastly, the

method now most in vogue is that in which what is known as

immunised serum or blood serum (obtained from animals rendered
immune by one or other of the methods above described) is used. Even
secretions or certain excretions from immunised animals, such as

milk or urine, are supposed to have this immunising power.

Whatever method be used, the following points are now almost

proved: (1) that the immunising substances are in all probability of

a proteid nature
; (2) that sterilised cultures or filtrates deprived of

their specific poisonous properties may have a marked power of

producing immunity
; (3) an inoculated animal is for a short time after

inoculation more susceptible to an attack of the specific disease, but

as soon as this stage of susceptibility has been passed, the resistance

is increased
; (4) whenever specific bacteria are used, either in the

virulent or the attenuated form, the aim is to produce a mild attack

of the disease, as a result of which the animal is immune; (5) the

period required for the acquisition of immunity is in this case much
greater than when anti-toxic blood serum is used, in which last, a

protective influence is recognised almost immediately or, at any rate,

in the course of a few hours
; (6) it is found, however, that the

immunity so produced (the passive immunity of Ehrlich) is more
transient than that obtained by inoculation with micro-organisms or

their products
; (7) the blood serum of naturally immune animals

has not yet been proved capable of producing immunity when injected

into susceptible animals.

The manner in which this immunity is brought about is still a

controversial point. Metchnikoff and his disciples maintain that

immunity is due to the action of certain living amoeboid cells of the

body, which, it is held, are capable of ingesting and digesting living

micro-organisms which find their way into the blood or tissues.

The polynuclear leucocytes are the most important, but the whole

of the connective tissue cells may assume the same function. The
leucocytes of susceptible individuals appear to be repelled by the

pathogenic bacteria which, left unattacked, multiply and form their
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poison in situ. In the case of an immune animal, the leucocytes,

instead of being repulsed by tlie bacteria, attack them, envelope

them in their protoplasm and digest them, thus preventing them from
carrying on their work, surrounding them and bringing about their

localisation. It is supposed that the process of immunisation con-

sists in a kind of acclimatisation of the polynuclear leucocytes

and other phagocytic cells to the presence and action of special

micro-organisms. Those who do not believe in phagocytosis, or who
hold that it is only partially responsible for the process, maintain

that bacteria are killed or weakened by the blood serum, and that

only after such weakening is it possible for them to be taken up by
leucocytes ; it may be readily understood that where the phagocytic

cells have undergone degeneration, as in tuberculous nodules and in

abscesses, many of them may succumb in the effort to cope with

active bacteria. That these cells can destroy living bacteria, now
admits of very little doubt, but that micro-organisms are weakened
by the fluid constituents of the blood may also be accepted as almost

proved, though this only takes us a step farther back, as the quality

of the blood plasma must, in great measure, depend upon the con-

ditions obtaining in the cells which it contains and the tissues

through which it passes, and any immunising products which these

fluids contain must be derived from the cells, so that ultimately

we must look to the cells for the production of the immunising
factor, whether the phagocytic or the humoral theory be accepted.

Chemotaxis is almost a necessary factor in the theory of phagocytosis,

as only when the proteids of degenerated cells attract leucocytes

more than the toxic proteids repel them, is it possible to bring the

cells into contact with the bacteria, without which there can be no
phagocytosis.

The exhaustion theory, promulgated by Pasteur, was based on
the supposition that specific bacteria, when introduced into the

body, are capable of using up certain materials which are necessary

for their nutrition, so that these bacteria gradually die out

;

and even when introduced afresh, cannot exist, as there is nothing

left for them on which to feed. Then came what was known as the

retention theory, in which it was assumed that bacterial products

inimical to the existence of the bacteria which form them, gradually

accumulate in the blood, there remaining for an indefinite period, so

that any new intruders of the same species are at once killed. This

theory, however, is not now seriously held in its original form. The
third theory is that the serous fluids of the blood and lymph have
the power of neutralising or antagonising the specific poison of

certain micro-organisms. This undoubtedly holds true, in a certain

degree, in the acquired immunity against diphtheria obtained by in-

jecting anti-toxic serum. A fourth theory, now somewhat generally

received, is that these serous fluids have the power of exerting

a bactericidal action on the micro-organisms themselves, quite apart

from their power of acting upon the toxines produced by the micro-

organisms, though these two latter very frequently run side by side.
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It is here unnecessary to enter into the various suggestions made
as to the cause of this bactericidal power of serum, but it has lately-

been put forward by Kossell and Yauglian (quoted by Welch) that

the defensive proteids, which are exceedingly unstable, really owe
their characteristic action to the presence of nuclein or nuclenic acid,

so that we must ultimately look upon all these altered states of the

serum as depending upon changes which take place in the tissue cells

and leucocytes. One of the chief duties of the surgeon, therefore, is

to keep the tissue cells and leucocytes so well nourished by judicious

feeding, good hygiene, the prevention of the loss of blood, and the

removal of all dead matter from the body, that they may be as little

embarrassed, and may carry on their functions as perfectly, as

possible.

SPECIAL BACTERIA.

Pyogenic bacteria.— It has already been mentioned that

cultures of various species of bacteria, previously sterilised by heat,

on being introduced in considerable quantities into animal tissues,

have the power of setting up a localised suppuration, just as certain

products of these same micro-organisms (sepsin, cadaverin, etc.)

appear to exert a definite chemical action on the tissues, by which
they are deprived of their vitality, acting in exactly the same fashion

as nitrate of silver, strong ammonia, oil of turpentine, and similar

substances. In most cases, however, the products themselves, apart

from the proteicls contained in the bodies of these bacteria

—

i.e.

when filtered—have little or no power of setting up suppuration.

When, however, the bodies of the dead bacteria that are kept back

by the filter, are injected subcutaneously, suppuration follows. This

occurs not only when the ordinary pus cocci are used, but also when
the Pneumococcus, anthrax bacillus, tubercle bacillus, Bacillus pro-

digiosus, Bacillus coli communis, Bacillus acidi lactici, and other

similar organisms are injected. It is now recognised, however, that

the most frequent causes of suppuration are a small group of micro-

cocci, of which it is necessary to describe only a few typical examples.

]. Staphylococcus pyogenes aureus.—The first of this

group—the Staphylococcus pyogenes aureus (Plate II. Eig. 10; see also

Fig. 29)—was first observed by Ogston in 1881, in the pus obtained

from acute abscesses, and a couple of years later was again found

and described by Becker in the pus from cases of acute osteomyelitis.

This organism is the most common of those found in abscesses as a

facultative parasite, but it may be met with everywhere where man
and animals congregate, especially on the skin and the mucous mem-
branes of the upper reaches of the alimentary and respiratory tracts.

It is about -7/u to -9fx in diameter, and usually occurs in small irregular

groups, in short chains of three or four links, or in tetrads. It

stains readily by Gram's method. (See page 51.)

It grows on most media, and is a facultative anaerobe, since

—

though it flourishes most luxuriantly and produces its colour only
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in the presence of air—it still continues to grow when air is

excluded. It liquefies gelatine more rapidly near the surface than

away from the air ; after a time, when the pigment is fully formed,

the organisms fall to the bottom, and accumulate in a beautiful

orange-coloured mass, exceedingly characteristic of the growth. On
nutrient agar-agar and potato there appears a moist growth—white

at first, or pale yellow, with somewhat wavy outlines ; as it becomes
thicker the growth assumes an orange or ochre-yellow colour. On
plates it occurs as small white dots, which gradually become yellower.

When grown in milk, it forms lactic and butyric acids, and coagula-

tion occurs. It may be kept alive on agar-agar or in gelatine for a

whole year without re-inoculation. When kept moist, it is killed in

about ten minutes at a temperature of from 56° to 58° 0.

Injected in considerable quantities under the skin of one of the

small l-odents, it sets up an abscess at the seat of inoculation. These

abscesses are usually not fatal, unless very large, though sometimes

a general infection m&y follow. When injected into the circulation,

small capillary emboli, multiple abscesses of the kidney, and even

abscesses in the joints and other organs result. Garre, who rubbed

cultures of this organism freely on the skin of his own arm,

obtained a regular crop of cutaneous furuncular abscesses. This

staphylococcus is found in many of the mox^e acute skin diseases,

especially in those which are accompanied by suppuration, in acute

abscesses, in acute osteomyelitis, and in ulcerative endocarditis.

There can be little doubt that in cases of heart disease accompanied

by a deposition of fibrin, or where there is a rupture of the valves,

the introduction of these micrococci into the blood-stream is followed

by a specific infective process, the micrococci becoming attached to

the roughened surfaces, where they multiply, and are then distri-

buted as small emboli, which, impacted, form the foci around which

abscesses are formed.

2. Staphylococcus pyogenes albus.—The second species

(Staphylococcus pyogenes albus) is [identical with the first, except

that it produces no colouring matter, and is supposed to be not quite

so virulent—and is frequently found in the same positions. Welch
describes an almost exactly similar organism, the Staphylococcus

epidermidis albus. It is only slightly pyogenic, but is the organism

most frequently met with on and in the skin. Its action in lique-

fying gelatine, in bringing about the coagulation of milk, and in

producing pus when injected subcutaneously, or setting up certain

lesions when injected into the circulation, is considerably inferior to

that of the Staphylococcus aureus ; but this organism is said by

Welch to be the most usual cause of the small abscesses that occur

around tense stitches.

3. Staphylococcus pyogenes citreus and Micrococcus
pyogenes tenuis.—The Staphylococcus pyogenes citreus is iden-

tical in appearance with those already described, except that it

assumes a delicate lemon-yellow colour, and that it liquefies gelatine

still more slowly than either of the other forms. It is sometimes
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found in acute abscesses, but as yet there is little evidence that it

has any marked pyogenic activity.

The Micrococcus pyogenes tenuis, which seldom takes the staphy-
lococcus form, is somewhat larger than the Staphylococcus albus, and
the elements are more distinctly divided into hemispheres than in

any of the other forms. On agar-agar it grows as a narrow, thin,

transparent, watery layer. Its relation to pus-formation has not yet
been determined, although it has been found in the pus in several

cases of abscess.

4. Streptococcus pyogenes.—At present there appears to be
some confusion as to the organisms to be included under this heading,

as no fewer than six organisms, to each of which a separate name
has been assigned, have been described by different observers ; of

these, however, three probably belong to one group, two to another,

whilst the last may be a separate species. It will be found, however,

that they are almost identical as regards their microscopical and
naked-eye appearances, and it is only when the products of these

organisms and their relative pathogenicity are inquired into, that any
distinctive characters are found.

First group.—The first member of this group, the Streptococcus

pyogenes (Plate I. Fig. 5 ; see also Figs. 26, 27, 28, and 34) may be

taken as the type : it is found wherever there is progressive erysipeloid

suppuration, in very acute abscesses, and in certain cases of ulcerative

endocarditis. {See Art. VII.) The cocci, which vary very much in

size—from Ap to '8/j. in diameter—are arranged in pairs or in chains

of considerable length. In gelatine tube cultures there is an ex-

ceedingly delicate growth on the surface, whilst in the depth, a

number of very minute granules, more discrete and larger as we pass

away from the surface, are seen ; as the surface growth increases in

size it also becomes thicker, the edges become wavy, and there is a

peculiar, almost characteristic, terraced appeai'ance. This organism
grows slowly at the room temperature, and best at the temperature

of the body ; it does not liquefy gelatine. It stains well by Gram's
method (page 51). It is pathogenic to both mice and rabbits.

Streptococcus pyogenes inalignus, which was separated from the

necrotic foci of a leucaemic spleen by Fluegge, is similar to the form
already desciibed, but it grows more slowly. A suppurating point

appears at the seat of inoculation, and a few cocci may be found in

the blood and in certain organs. It kills both rabbits and mice.

Streptococcus septicus belongs to the same group. The micrococci

form chains which break up into diplococci. It grows comparatively

slowly, and is fatal to mice and rabbits, killing them in from two

to three days. In the case of rabbits injected through the aural

vein there is first a local hyperemia, and then masses of the organ-

isms collect in the vessels to such an extent that they form thrombi,

round which necrotic areas become well marked.

Here, then, is a group of organisms all of which have certain

characters in common ; they prove fatal to mice as well as to rabbits,

in this differing from the next group.
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Second group. Streptococcus erysipelatis and Streptococcus septo-

pycemicus.— -The Streptococcus erysipelatis and Streptococcus septo-

pysemicus have been described as separate species, though they are

probably the same. Their morphological features are very much
those of the organisms already described; they are from '1p to '8p,

in diameter, occur as diplococci, or as long chains, and are usually

found in the lymph channels of the skin or mucous membranes, in

cases of er}Tsipelas (page 164).

Grown in gelatine, they appear as very minute points, with scant

surface growth ; on plates the colonies are small, rounded or ovoid,

finely granular, with somewhat irregular margins. On agar-agar

they develop as very delicate, translucent, greyish, slightly raised

colonies, which spread somewhat slowly in the case of Streptococcus

erysipelatis, but more rapidly in the so-called Streptococcus septo-

pysemicus. Streptococcus erysipelatis, however, does not grow upon
potato, whilst small dirty white colonies, somewhat raised from the

surface, appear when the Streptococcus septopysemicus is sown.

Either of these organisms, when inoculated into the ear of a rabbit,

sets up, first of all, an erysipeloid inflammation usually unaccom-

panied by suppuration ; in the human subject the organism is found

just beyond the spreading margin of erythema in cases of erysipelas,

and appears to be very readily killed, disappearing in any region in

which the blush is well marked. In this respect these organisms

differ somewhat from Streptococcus pyogenes, which develop, in the

human tissues more readily than the erysipelas coccus ; this, however,

may be partly a question of situation and partly one of oxygen and
food supply and removal of the excretory products of the microbes.

Nencki and his pupils maintain that the difference in the products

of the two organisms, when grown in various media, indicates that

the Streptococcus pyogenes and the Streptococcus erysipelatis are

distinct species. (See Art. VII.)

Third group. Streptococcus articulorum.—The last of the im-

portant members of the pyogenic organisms is the Streptococcus arti-

culorum, separated by Loeffler from the mucous membranes in cases

of diphtheria. It occurs in long chains, of which each segment
consists of two hemispheres showing in stained specimens a delicate,

clear, intermediate zone. It grows in the form of small, limpid, light

grey drops with slightly irregular outlines. On potato, after eight

days, the colonies are like those of Streptococcus erysipelatis, and are

only distinguishable under the microscope. On blood serum, alone

or mixed with peptonised meat infusion, a thin, pale, glistening or

greyish-white layer appears at the end of a couple of days. The
organism is pathogenic for mice but not for guineapigs. When
injected into the veins of a rabbit, the joints seem to be specially

affected, early death resulting.

A. large number of other pyogenic streptococci have been de-

scribed, but they are probably similar to those above-mentioned, and
it is unnecessary to do more than indicate the types of diseases with

which they are associated. They are found, for instance, in puerperal
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fever, in false membranes along with the diphtheria bacillus, in

abscesses and inflammatory processes, especially those connected
with the buccal and nasal mucous membranes, in cases of peritonitis,

in various forms of otitis, in fact wherever superficial pus-formation
is met with ; in furuncles, pustular skin eruptions, erysipelas, and
phlegmonous inflammations, especially those of badly nourished
patients, or in those in whom there is any interference with the

removal of excretions, or where there is anaemia, especially follow-

ing haemorrhage. These streptococci, then, must be looked upon as

the pus-forming organisms par excellence, although they can only

exert their full pus-forming function when the surgical conditions

are favourable.

Micrococcus gonorrhoeae (Plate II. Fig. 12; see also Fig 93).

—This organism was first described and separated from gonorrhoea!

pus by Neisser in 1879, who named it the Gonococcus. In 1885
Bumm succeeded in growing it by spreading pus, containing a large

number of gonococci, out on a thin layer of consolidated human
blood serum and keeping it at a temperature of 30° to 34° 0. in a

moist atmosphere. It forms a very thin, smooth, moist layer, almost

invisible, but having, when seen by reflected light, a greyish yellow

colour. It dies out very rapidly—at the end of two or three

days. More recently, it has been found possible to grow this

organism in a mixture of equal parts of agar-agar and blood serum.

It has also been grown on the white of egg of the peewit and
in the fluid removed from the joint in a case of synovitis. Bumm
was able to produce typical gonorrhoea by inoculating the human
urethra with a third and even with a twentieth culture of the

gonococcus, but he failed to produce the disease in the lower

animals. When suppuration is well advanced, other organisms, such

as the Staphylococcus pyogenes aureus, are usually found along with
the gonococcus, so that this latter organism appears to prepare the

way for suppuration, rather than to be the actual setiological factor.

It is found in the cells of the gonorrhoeal discharge or on the

surface of the detached epithelial cells, and occurs most frequently

and in greatest numbers in the early stages of the disease. In
sections it is seen to be specially numerous in the cement substance

between the epithelial cells. When the discharge from an acute

case of gonorrhoea is stained and examined, the micrococci are seen

to consist of pairs or fours of oi'ganisms, each of which is composed
of two biscuit-shaped ends with a zone or belt of unstained material

between, an arrangement already noted in the elements of some of

the streptococci. In consequence of this arrangement, the organism,

or perhaps the pair of organisms, is usually slightly longer than

broad

—

Sfi to l-Qp long, and 6yu to '8fx broad. The gonococcus differs

from the staphylococci and streptococci already described, in that it is

not stained by Gram's method, all colour being removed by the

iodine solution. (See page 51.) It is best stained with methyl-violet,

gentian violet or fuchsin ; more slowly but very distinctly with

methylene blue. (See Art. XXI.)
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Bacteria associated with croupous pneumonia.—The
organism which is most frequently met with in cases of pneumonia
gives rise also to certain forms of septicaemia and meningitis ; it lias

been found also in acute abscesses, in ulcerative endocarditis and in

otitis media. It is now recognised that Friedlander's bacillus plays

a comparatively unimportant part in the production of pneumonia,

and no causal relation between it and surgical diseases has yet been

traced ; but a similar organism (Plate II. Fig. 9), the Micrococcus

pneumonice crouposce, the Bacillus salivarius septicus, or the Strepto-

coccus lanceolatus Pasteuri (Sternberg), is of greater surgical im-

portance. This organism has been found both in the rusty sputum
of cases of croupous pneumonia, and in the saliva of apparently

healthy individuals, sometimes appearing there for a short time

only, but in others remaining almost permanently. It has also

been found, alone or accompanied by the Streptococcus pyogenes,

in many cases of purulent cerebro-spinal meningitis, in acute

abscesses in the parotid, and in cases of purulent pleurisy, in abscess

of the tonsil, in otitis media, and in cases of arthritis of the wrist

and shoulder-joint following pneumonia.

It occurs as a somewhat ovoid or grain-shaped organism sur-

rounded by an unstained area, arranged in pairs or in short chains.

It is stained by Gram's method, thus differing from Friedlander's

bacillus, from which the colour is discharged by the iodine solution.

{See page 51.) The Bacillus lanceolatus is said to grow only in alkaline

media, whilst the Bacillus salivarius septicus grows most luxuriantly

in a medium to which *05 per cent, hydrochloric acid, or an equivalent

quantity of nitric or phosphoric acid, has been added. This latter

organism will grow in meat infusions, giving rise to a slight milky

opacity ; after a time the multiplication stops and the organisms

settle at the bottom, to form a dense precipitate, the supernatant

fluid becoming clear. It may also be cultivated on gelatine, which
it does not liquefy, small white colonies developing along the track

of the puncture ; at the surface it forms a fine white mass, somewhat
transparent at the edges. On nutrient agar-agar or coagulated blood

serum the growth appears in the form of small transparent drops,

some of which run together to form a thin line along the track of

the needle ; there is no growth upon potato ; in milk, acid is formed,

the casein becoming coagulated. The organism is very delicate, and
soon dies out unless cultures are made every three or four days ; it

is very susceptible to the action of most disinfectants.

It is highly pathogenic for mice and rabbits, but guineapigs are

not so uniformly affected. The two former animals succumb during
the first or second day ; there is local pus-formation accompanied by
a diffused cellulitis with marked oedema, the fluid from which and
the blood both contain numerous micrococci. The passage of this

organism through a series of animals invariably increases its

virulence. The experiments on the production of immunity with
filtered cultures of the micrococcus have given very conflicting

results, and must be repeated before they can be accepted.
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Other micrococci of surgical interest.—Other micrococci

to which surgical interest attaches are the Diplococcus intracellularis

meningitidis of Weichselbaum, the Staphylococcus salivarius pyogenes,

the Micrococcus salivarius septicus—already referred to as Bacillus

salivarius septicus, the Micrococcus tetragenes—described by Gaffky
as occurring in a cavity in the lung, also by Greenfield and others

as occurring in septic conditions. Micrococcus gingiva1
, pyogenes,

described by Miller, of Berlin, the Streptococcus septicus liquefaciens,

described by Babes in the organs of a child which succumbed to

septicaemia following an attack of scarlatina, and the Streptococcus

coryzod contagiosa^ equorum which occurs in the pus of the swollen

tissues, and in the abscesses that are found in cases of strangles.

Bacillus anthracis.—The Bacillus anthracis was first described

by Pollender in Germany in 1849, then by Davaine in France in

1850; it was more fully investigated by Davaine in 1863, and by
Pasteur in 1879. (Plate I. Figs. 3, 4.) It is a rod-shaped bacterium

from l/i to l
-

25fi in breadth, and from 5/j. to 20
fj.

or 5(hx or more in

length. In the blood it occurs as short, simple or jointed segments

about 5yn to 8fi in length, with flattened or cup-shaped ends, in the

latter case a small clear disc being usually seen at the point of

division ; the bacilli are rigid non-motile organisms, which never

contain spores when in the blood of the living animal. When seen

in cultivations or in fluid removed from the thorax, they may appear

as long filaments, sometimes grouped in bundles, at others forming
a kind of felted mass. In old cultures or in organisms exposed

to the air under somewhat unfavourable conditions, spores (see

page 4) are formed. This organism may be easily seen under
the microscope even in unstained preparations, but it is more
readily studied when stained by any of the ordinary methods.

It grows readily in peptone-gelatine at the ordinary temperature of

the room, and in neutral or even slightly alkaline media. In a test-

tube gelatine culture it first throws out a series of delicate threads

around the central core formed along the track of the needle, the

growth having then the appearance of an inverted fir tree

(Fig. 2). Then liquefaction commences at the surface and shortly

becomes fairly well marked ; the fluid, at first opaque, gradually

becomes clear as the non-motile organisms fall to the bottom, to

form a greyish mass. In agar-agar plate cultures, incubated at

the body temperature, greyish-white points develop ; these, under

the microscope, are most lace-like in their delicacy ; on gelatine

plates the colonies have the characteristic and often described

"Gorgon locks" appearance. The Bacillus anthracis grows upon
the surface of a dry potato as a dirty white layer with irregu-

larly roughened surface and margins. As already mentioned, spores

never occur in the bacilli found in the blood of living animals,

but they soon develop at a temperature of 20° to 35° G. on even

at the temperature of the atmosphere, in the discharges coming from

a dead animal.

The virulence of these organisms can be modified by heating them
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at a temperature of 42 *5° C. for a lengthened period (two or three

weeks, according to Koch). Sunlig3it, and chemical and other agents

also attenuate its virulence. The spores are exceedingly resistant,

and remain alive and virulent for years if kept dry. They will also

withstand a prolonged exposure to a dry heat of 140° C, three

hours at least being necessary to destroy them. They are destroyed

by boiling for three or four minutes.

The products of the anthrax bacillus are various proteid sub-

stances nearly allied to the albumoses and peptones, and an organic

alkaloid. Toxalbumens are said to be formed, especially by the

virulent bacillus when it is grown in fibrin or alkali albumen.

An immunising substance is also formed, but the injection of

serum from an immunised animal appears to confer only a very

temporary immunity. Malignant pustule and pulmonary anthrax

in woolsorter's disease, are the diseases set up by this organism,

which are of interest to the surgeon.

The anthrax bacillus attacks cattle, sheep, horses, rabbits, guinea-

pigs, and mice, especially the young of these animals ; whilst white

rats, dogs, frogs, and the Algerian sheep are immune. The organism

is found in the blood-vessels, especially in the small capillaries of the

various organs. In pulmonary anthrax almost pure cultures of long

threads of the anthrax bacillus may be found in the serum thrown
out into the thoracic cavity. Anthrax inoculation is usually marked
by oedema of the connective tissue near the seat of inoculation, small

haemorrhages, some emphysema, pallor, flabbiness and moistness of

the neighbouring muscles, with some cloudy swelling and hyaline

degeneration. In animals that succumb to the disease the spleen is

enlarged, soft, and pulpy, containing a very large quantity of blood,

which has a somewhat tarry look. The liver has a parboiled appear-

ance, and contains a large quantity of blood; the lungs are congested,

the cavities of the heart are distended, and there may be fluid in

the serous" cavities. The blood and lymph from the tissues contain

the bacilli in very considerable numbers. (See also Art. XV. page 312.)

Diphtheria bacillus (Plate I. Fig. 6).—The diphtheria bacillus,

described by Klebs, Loeffler, and Klein, is a small straight or curved

organism, with pointed or rounded ends. It often contains in its

substance small clear spaces, or bright, glistening points. The
bacilli are usually from 3/j. to 6/.1 in length, are straight or slightly

bent, sometimes swollen at one or both ends, or they may be

elongated into club- or skittle-shaped organisms, into threads, and

other elongated forms. These latter, however, are only met with

in artificial cultures.*

* To obtain specimens for examination and diagnosis, remove a small fragment of

the false membrane by means of a piece of absorbent cotton-wool, tied firmly to a
pair of forceps or a penholder ; transfer the fragment to a scrap of blotting-paper,

and thence to a cover-glass, on which break it down as finely as possible, dry and
fix over a Bunsen flame, and stain with Loeffler's alkaline methylene blue (page 51),

or by Gram's method (page 51), or by the method described by Roux and Yersin,

who use a mixture of equal parts of an aqueous solution of violet dahlia and
methyl green, to which water is added until a clear but not too deep blue is

obtained. A drop of this is placed on the organisms on a slide, the cover-glass is
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When suppuration has set in, these bacilli can be seen only in

the deeper layers of the fibrinous lymph of the membrane, because of

the presence of numerous other organisms.*

This bacillus, apparently powerless to live in the human body,

except at the seat of inoculation, has the power of secreting a

virulent "poison, which is most active when alkaline, the presence

of free acid limiting its action very considerably. This poison is

now usually considered to be a toxic albumen (toxic albumose and
organic acid which, according to Sidney Martin, are the result of

the digestive action of Roux and Yersin's enzymes on the proteids

of the body, though Roux and Yersin seem to indicate that this is

not the case). It is so virulent that^ of a milligramme is sufficient

to kill a guineapig, \ of a milligramme to kill a rabbit, and f of

a milligramme a medium-sized dog. When injected into the veins

or into the subcutaneous tissues, this poison appears to act on
the walls of the blood-vessels, giving rise to vascular dilatations,

hemorrhages, and the peculiar oedematous areas so characteristic

of certain forms of the disease. From the behaviour of this

substance it has been suggested that the noxious agent is a poison-

forming substance rather than a toxic substance itself, and that it

is only after it has been introduced into the body that the actual

poisons are formed. This toxine has been separated from cultures

or media containing proteids and from media in which there are

none, and from animals and human beings who have died of

diphtheria. The diphtheria bacillus retains its vitality for some
time. It is capable of growing at comparatively low temperatures,

and on most kinds of organic matter, especially in milk and on
potatoes, although it is a somewhat difficult matter to determine

its presence in and on these media, without having recourse to

microscopic or cultivation examination. The importance of this

point in connection with the spread of diphtheria is very obvious.

(The anti-toxic serum treatment is considered in Art. XLIII., on
Injuries and Diseases op the Neck, "Vol. II.)

Bacillus of influenza.—The bacillus of influenza is the smallest

bacterium yet described, being about the same breadth (0'1/x to -

2/u),

but only about half as long (04/z to 0"5/x) as the bacillus of mouse
septicaemia. Pfeiffer first, and then Canon, found it in the purulent

lowered on to it, the superficial fluid removed with a piece of blotting-paper, and
the preparation is examined at once. The diphtheria bacilli, seen in small groups,

are more readily stained than any of the other organisms present.
* In order to obtain cultures, a particle of the false membrane is taken on a

platinum needle, or on a cotton-wool pad as mentioned in the previous foot-note.

This needle is then drawn eight or ten times (or the pad once) over the surface of

a glycerine agar-agar tube or a tube containing a mixture of three parts of blood

serum and one part of neutralised broth, to which have been added 1 per cent.

of peptone, 0-5 per cent, of common salt, and 1 per cent, of grape sugar. The
strokes are made parallel to one another, like ploughed furrows. Incubated at a

little below the body temperature, colonies of bacilli rapidly make their appearance,

and are visible to the naked eye in twenty hours as small rounded greyish-white

points, with an opaque centre ; these spread into greyish rounded discs of consider-

able size, before any other organisms with which they may be confounded have had
time to form colonies at all visible to the naked eye.
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discharge from the bronchi of patients suffering from epidemic in-

fluenza. It grows on the surface of glycerine agar-agar to which haemo-

globin has been added, in the form of minute pellucid colonies which

appear at the end of twenty-four hours (at 38° or 39° C). These

colonies remain perfectly distinct. They grow best when a small

quantity of the albuminoid secretion from the lungs or a drop of

blood, is smeared over the surface ; hence it is always much easier to

obtain cultures from the original secretions than to obtain secondary

cultures, unless haemoglobin be added to the nutrient medium. The
bacillus is destroyed by drying for twenty hours, or by exposure to a

temperature of 60° C. for five minutes.*

The two ends of the short bacillus are more deeply stained than

the centre ; so that the organism very frequently resembles a diplo-

coccus. This organism has a special interest for surgeons, from the

fact that lesions so frequently follow cases of epidemic influenza

;

but the relation of the bacillus to these disorganisations and sup-

purations has not yet been clearly traced.

Bacillus Of tuberculosis (Plate I. Fig. 7).—The tubercle bacillus

is found in tubercular glands, abscesses, and sinuses in joints, bones

(especially in tubercular caries), and in various skin affections, e.g.

lupus, and has thus great interest for the surgeon, by whom the

application of surgical treatment to cases of tubercular laryngitis

and cavities in the lungs must now be looked upon as part of his

work. It is a rod-shaped organism from 2fx to 5/x long

—

i.e. ^ to §
the diameter of a red blood corpuscle—and '2jx to -3^i broad, with

rounded ends. It is sometimes homogeneous, but usually has a

peculiar beaded appearance. It is non-motile.

It is grown most readily on glycerine agar-agar, on the surface of

which it forms a luxuriant growth, in the form of folded or wrinkled

greyish or yellowish-white scales. It will also grow on potatoes, in

the form of smooth colonies, which appear at the end of a fortnight

or three weeks. The appearance on consolidated blood serum is that

most frequently described. The colonies on this medium are in the

form of small, dry scales, greyish-white, sometimes coalescing and
" floating on the surface of the water of condensation "

; they grow
exceedingly slowly, but the maximum development is reached at the

end of four weeks. They grow best at the body temperature.

The bacilli are to be found in the scrapings from tubercular

sinuses, especially in the soft tissues. It is very difficult to

demonstrate their presence in bones and even in glands ; in other

tubercular lesions this is a comparatively easy matter. Tubercle
bacilli are best stained by the Ziehl-Neelsen method, f

* This organism is stained as follows (Chenzinsky's method, as modified by
Flehti) : A concentrated aqueous solution of methylene blue, 40 grammes

; £ per
cent, solution of eosin dissolved in 70 per cent, alcohol, 20 grammes ; distilled water,
40 grammes. Cover-glasses immersed in this staining solution are kept at the body
temperature from three to six hours, then washed with water and mounted in balsam.

f Ziehl-Ncelsen methodfor staining tubercle bacilli.—This is a modification of the
Ehrlich-Weigert method. The sections or cover-glasses are stained in Ziehl's
carbolic fuchsin solution, made as follows : Fuchsin 1 part, dissolved in 10 parts of
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The poisonous material contained in cultures of tubercle bacilli

is proteid in nature ; it withstands boiling, and appears to be derived
directly from the bodies of the bacilli ; when these latter are first

subjected to boiling for some time, and then injected subcutaneously,

they give rise to a circumscribed abscess, or when carried into the
circulation, to the formation of giant cells similar to those seen in

cases of tuberculosis. They do not, however, undergo caseation, and
are strictly localised. These proteins, as they are called, have a
marked power of attracting leucocytes. Other poisons which are

probably rendered inert by the action of a boiling temperature may
be the exciting cause of the caseation which is so characteristic of

tubercle. (See Art. XYI. page 351.)

Bacillus lepr89.—The Bacillus leprae was first described by
Hansen in 1879, and then by Neisser in the same year. This
bacillus is very similar in appearance to the tubercle bacillus ; it is,

however, more rigid and the ends are pointed. It is usually about 5ju in

length and *4/x in breadth; otherwise it is like this organism, even as to

its staining reactions, except that it is much more readily decolorised.

As yet, any attempt to cultivate it has been unattended with success,

though it is stated that positive results have followed inoculations

into the anterior chamber of the eye in animals. This organism is

found specially in the lymph channels of the skin, but sometimes
evidently embedded in the protoplasm of cells. It has been found
in all forms of leprosy at some stage or other of the disease.

Bacillus mallei (Plate I. Figs. 1, 2).—This bacillus was, in 1882,

proved by Loeffler and Schiitz to be the cause of glanders. It was first

examined in the nodules occurring in that disease and then in cases of

farcy. The organism is about the same length as the tubercle bacillus,

but is considerably broader, being described as from -bfi to 1
-

4/x broad.

It is doubtful whether spores are formed. The bacillus is motile, and
grows in gelatine tube cultures, but only luxuriantly at the tempera-

ture of the body, when it is seen as a whitish growth composed of

chains and threads coiled irregularly and penetrating the gelatine in

alcohol, to which solution 100 parts of a 5 per cent, watery solution of carbolic acid

are added ; this is heated until steam rises pretty freely. The cover-glass prepara-

tions are stained in three or four minutes, or even less ; sections are usually suffi-

ciently deeply stained in seven or eight minutes. In the cold they may he left for

twelve or even twenty-four hours. The superfluous fluid is drained off, and the pre-

parations are placed for a second or two in alcohol (90 per cent.), then in a 25 per

cent, solution of sulphuric acid, when the pink tinge should he immediately replaced

by a yellowish-brown. The preparations are then washed in 70 per cent alcohol,

and if they are sufficiently decolorised, are transferred to a solution of lithium car-

bonate. They may afterwards be stained, for a half to two minutes, with a watery
solution of methylene blue, cleared up with clove or aniline oil, turpentine, and
xylol, and mounted in Canada balsam. In place of sulphuric acid, nitric or hydro-

chloric acid may be used, and for clinical work, in order to shorten the process, the

methylene blue may with advantage be mixed with the acid, the decolorising and
contrast-staining being carried on in one process.

Gabbefs methodfor staining tubercle bacilli.—Stain for two minutes, without heat-

ing, in Ziehl's carbolic fuchsin solution, and after washing in water place for a minute

in a solution of 2 grammes of methylene blue in 100 cc. of 25 per cent, sulphuric

acid, wash again in water, dry, and mount in Canada balsam. This is an excellent

practical method, being simple, easily carried out, and very certain in its result.

C 2
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various directions. On plate cultures it is seen as bright yellow,

shining, coalescing colonies ; on agar-agar it has a somewhat greyer

look ; on potato, at the temperature of the body, it appears first as a

bright yellow honey-like surface-growth, which gradually takes on a

peculiar fawn colour, ultimately becoming almost chocolate-coloured

(Fig. 4). It grows well on blood serum, but most luxuriantly of all

on glycerine agar-agar, even at the room temperature, and is seen in

the form of a white transparent line of considerable breadth along the

track of the needle. The organism is best stained by a concentrated

alcoholic solution of methylene blue, after which the cover-glass or

section is rinsed in a mixture of distilled water 10 cc, concentrated

sulphuric acid 2 drops, 5 per cent, oxalic acid 1 drop, for 5 seconds,

Fig. 4.—Cultivation of Bacillus Mallei on Potato.

dehydrated in absolute alcohol, then cleared with cedar oil and
mounted in balsam.*

Pure cultures of the Bacillus mallei injected into horses, rabbits,

guineapigs, and field mice produce typical glanders, often asso-

ciated with inflammation of the nasal submucosal lymphatics and
with orchitis. The whole of the equine species and man are

affected. A case of direct infection in man, due to the use of

an imperfectly sterilised hypodermic syringe with which glanders

cultures had been injected, is recorded. Lions and tigers have

* Noniewicz's method for staining glanders bacillus: Stain for two to five

minutes in Loeffler's methylene blue (concentrated alcoholic solution of methylene
blue 30 cc. ; caustic potash -01 per cent, solution 100 cc), wash in distilled water,
and then decolorise for oue to five seconds, according to the thickness of the sections,

in a mixture of 75 parts of a 0'5 per cent, solution of acetic acid and 25 parts of
-5 per cent, watery solution of tropseolin; wash again in distilled water, and

after spreading the section on a slide, dry it first with blotting paper and then in
the air or over a spirit lamp. Clear by dropping xylol upon it (oil of cloves,
origanum and aniline oil must be avoided), and mount in Canada balsam. The
bacilli stain dark blue to nearly black, and the tissue is stained light blue.
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also been known to contract the disease. The discharge from the

nostrils in cases of glanders contains few bacilli, but quite sufficient

to make test inoculations of value. A guineapig inoculated sub-

cufcaneously in the back with discharge from a suspected animal,

develops tumefaction at the seat of inoculation ; the skin over this

ulcerates, and there is discharged first a mass of purulent material,

and a chronic ulcer with irregular indurated margins is formed, from
which then comes a sero-purulent discharge ; subsequently this ulcer

may heal. The lymphatic glands in the neighbourhood are also affected,

and may also ulcerate, and at the end of four or five weeks the animal

becomes generally infected. The testicles become enlarged, and later

there is enlargement of the joints, due apparently to an acute in-

flammatory process. Field mice die in three or four days. The
inoculation test is far easier of application and more satisfactory

than microscopic examination, as it is often an exceedingly difficult

matter to determine the presence of these bacilli, mixed as they

are with an enormous number of other bacteria which develop in

the discharge as it accumulates on the surface of the ulcers. In-

traperitoneal injection of the suspected fluid from an ulcerated

mucous membrane or gland, induces, in the guineapig, inflammation

of the testicles in three or four days
;
pus is rapidly formed, and in

this pus glanders bacilli may be comparatively easily demonstrated,

as early as the third or fourth day, especially in the purulent exudate

between the two layers of the tunica vaginalis testis. Mallein,

the toxic product of the glanders bacillus, is very similar in its

character to tuberculin, and has the same specific properties in

relation to glanders that tuberculin has to tuberculosis. Mallein,

when injected, appears to have comparatively little effect on the

healthy tissues, but when injected into a glandered animal it sets up
not only great local reaction at the seat of the infection, but also very

marked constitutional disturbances, especially those associated with

an increase of temperature. So marked is the local reaction, and so

invariably does it occur in glandered horses, that it is now almost

universally accepted as an unerring diagnostic feature—as patho-

gnomic of the disease in horses. (See also Art. XV. page 308.)

Bacillus of Syphilis.—In 1884 Lustgarten described, in certain

cases of syphilis, a straight or curved bacillus very similar in appear-

ance to the tubercle bacillus, but not stained by the Ziehl-Neelsen

method. This organism is curved, may be arranged in pairs set at a

comparatively acute angle, or it may be somewhat spiral or S-shaped.

The ends are slightly enlarged, the outline is slightly wavy, and

there are small bright points from two to four in number in each

bacillus, which is about -3/x to •5/j. in length and *2ju to '3fi in breadth.

The bacilli of syphilis are contained in large oval or polygonal cells,

each cell containing only one or two at the most. The setiological

relation of this organism to syphilis has not been established, as

it has never yet been cultivated, and all inoculation experiments

have been unsuccessful.

This .organism is stained in the Ehrlich-Weigert gentian violet
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solution.* The tubercle bacillus and leprosy bacillus stain in much
the same way, and it has been suggested that this organism is the

leprosy bacillus which appears in syphilitic cases as the result of a

mixed infection.

Bacillus of rhinoscleroma.—Another organism of interest

to the surgeon is the bacillus of rhinoscleroma, first observed by
Von Frisch in 1882, in the newly-formed tubercular thickenings of

the skin and nasal mucous membranes, sometimes followed by ulcera-

tion, occurring in rhinoscleroma. It is found in the large hyaline

cells characteristic of this disease, and also in the lymphatic vessels,

especially near the surface of the tumour. The bacillus may be

seen in the juice expressed from one of the tubercles. It is short,

two or three times as long as broad, and has rounded ends. It may
grow as a coccus, singly or in pairs, and appears to develop into

bacilli or long threads.

It may be cultivated on gelatine plates, giving rise to whitish-

yellow round colonies which, under the microscope, have a distinctly

granular appearance. In a gelatine tube the organisms form a

peculiar nail-culture-like growth, like that described for Friedlander's

pneumonia bacillus, which is white and porcellanous-looking, and is

very viscid and sticky. There is on potatoes a slightly yellowish

mass, which grows rapidly and develops gas.

It is readily stained with the aniline colours, and is seen to be

surrounded by a kind of capsule. Although this organism has been

separated from the tissues of rhinoscleroma, it is so like the

Friedlander's bacillus, which has been described in the nasal secretions

of healthy persons, and also of those suffering from chronic nasal

catarrh, that it is by no means certain that this organism has any
special relation to rhinoscleroma. The main differences are that it

retains its capsule, even when cultivated on artificial media, and that

it resists the decolorising action of Gram's iodine solution (page 51).

Bacillus septicaemia hsemorrhagicsa.— An organism, or

group of organisms, important to the surgeon is the Bacillus

septicaemias haemorrhagicae, described under different names by
different observers—the bacillus of fowl cholera of Pasteur, the

bacillus of rabbit septicemia of Koch, the bacillus of swine plague

of Loeffler and Schiitz and of Salmon and Smith, and the bacillus

of game or deer plague described by Hueppe. The bacillus of

septicaemia described by Davaine in 1872, and separated from putrid

blood, was also probably identical with this organism. The organism
found in the blood and cedematous fluid of animals affected, is

invariably a short bacillus with rounded ends, about 1-4/z in length

* Place in the solution (page 51) for from twelve to twenty-four hours at the room
temperature, and two hours in the incubating oven at 40° C. The sections are then
washed in alcohol and placed for ten seconds in a 1*5 per cent, alcoholic solution of
permanganate of potash, afterwards washed in a dilute aqueous solution of pure
sulphuric acid, and then in water. It may be necessary to repeat this operation
{i.e., returning the sections to the permanganate) three or four times until complete
decolorisation takes place. The sections are mounted in the usual way. Cover-
glass preparations are washed in water instead of in alcohol.
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and 07/i in breadth, i.e. about one-fifth the diameter of a red blood
corpuscle, sometimes arranged in pairs or in short chains. The
extremities of these rods are usually stained with the aniline colours,

giving them up again on being treated with Gram's iodine solution,

the central zone or band always remaining unstained. In cultures it

grows best at the body temperature, and also when the supply of

oxygen is somewhat restricted, hence its growth is always more lux-

uriant in the deeper layers of the culture media than near the surface.

In plate cultures the organisms give rise to white isolated colonies of

the size of a pin-head, which, under the microscope, appear granular.

In tube cultures they occur as small granulated colonies which
gradually coalesce ; there may be no surface growth at all, but if

there is it appears in the form of a thin whitish layer, sometimes
smooth, sometimes slightly irregular. On agar-agar the growth is

more transparent and greyer than on gelatine. On blood serum it

forms a very delicate, yellowish, slightly iridescent layer. If cul-

tivated at the ordinary room temperature it soon loses its virulence.

Some observers describe a growth on potatoes, others do not ; some
affirm that milk is coagulated, others that it is not. All the members
of this group of bacilli produce indol when grown in peptone solution,

and cause a uniform turbidity of broth. They retain their "vitality

for a considerable length of time if kept moist, but drying kills them
in less than a fortnight. A culture attenuated by growth at a low

temperature, may recover its virulence when inoculated into a series

of susceptible animals, such as the sparrow. The most characteristic

results of the action of this bacillus are swelling of the spleen and
lymphatic glands, swelling and ecchymoses of the mucous membranes,
acute oedema at the point of inoculation, and haemorrhages and
degenerations of small areas of muscles. The bacilli continue to

increase in the body after death. In less susceptible animals local

abscesses are formed.

The bacillus Of the bubonic plague.—Quite recently Kitasato

has described a bacillus, found in the blood and tissues of patients

suffering from the bubonic plague, very much resembling the bacilli

of the haemorrhage septicaemias. This, he maintains, has an setiological

relation to the disease. These observations have been corroborated

by Yersin and others. The bacilli are described as " rods with

rounded ends, which are readily stained by the ordinary aniline

dyes, the poles being stained darker than the middle part, especially

in the blood preparations, and presenting a capsule sometimes well

marked, sometimes indistinct." Like the Bacillus septicsemise

hsemorrhagicse, this bacillus is about one-fifth the diameter of a red

blood corpuscle in length, and half as broad as long. It is sometimes

single, sometimes arranged in pairs, or it may be in short chains.

It is only slightly motile, even when grown in beef broth, which

medium it renders somewhat cloudy. It grows best on blood serum

at the body temperature, as a moist yellowish-grey growth, which

does not peptonise the medium on which it is growing. It also

grows freely on glycerine agar-agar, as whitish-grey colonies, which by
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reflected light have a bluish appearance. Under the microscope they

are rounded patches with uneven edges ; " at first they appear every-

where as if piled up with { glass-wool,' later as if having dense, large

centres." Grown in gelatine there is little surface growth, but along

the track of the needle a number of minute, white, cocoon-like

bodies are seen, which ultimately run together and form an irregularly

crenated line ; the gelatine is not liquefied. The bacillus as culti-

vated grows in the form of long threads of bacilli, which, though

they might perhaps be mistaken for streptococci, are distinctly made
up of the organisms above described. This is due to the fact that

the bacillus so frequently resembles a diplococcus with a capsule.

This organism is found in the blood, in the buboes, and in the

spleen—in fact, in all the internal organs of patients suffering from
the plague.

Mice, rats, guineapigs, and rabbits are all susceptible to in-

oculation of the disease. Animals fed with pure cultivations of the

bacillus, and with pieces of affected organs, die with symptoms of

the plague, and with pathological appearances similar to those found

in cases of anthrax, or of malignant oedema. The organism is

rendered innocuous by the action of direct sunlight continued for

three or four hours ; when dried in ordinary daylight for a week
they are also killed ; as also by the action of moist heat at 80° C.

for thirty minutes, or at 100° C. for a few minutes. A one per

cent, solution of carbolic acid, or of quicklime, destroys the

organism in less than an hour.

It is evident then, from the post-mortem appearances, that we
have in this disease to deal with a hemorrhagic septicemic process,

so that the organism naturally comes to be classified in the above
group.

Toxic saprophytic bacteria.—In consequence of the toxic

effects of the products of certain saprophytic bacteria, it is necessary

to give a short description of some of those which have been found,

especially in abscesses or, under certain conditions, even in the blood

of animals affected.

1. Bacillus coli commmais (Plate II. Fig. 8).—The best

example of this group is the Bacillus coli communis, or Bacterium
coli commune, described as Emmerich's bacillus, or Bacillus Nea-
politanus, from the fact that it was found by Emmerich in cases of

diarrhoea in Naples. It is also probably identical with Brieger's

bacillus, or the Bacillus cavicida.

This organism, which is constantly present in the faeces of the

human subject, and of many of the lower animals, occurs in the

form of short rods, about 2/x in length and "5/i in breadth, with
rounded ends. It sometimes appears almost like a micrococcus
or short oval bacillus, sometimes arranged in pairs. It is not
stained by Gram's method (page 51), but is readily brought out
by the ordinary aniline staining methods.

It grows rapidly at the room temperature, but better at about
37° to 38° C. It has a somewhat characteristic appearance when
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grown on gelatine, forming flattened colonies, which are semi-trans-

parent and slightly thicker at the centre, where there is a kind of

dimpling ; the growth has the appearance of an irregular leaf, with
lobes and crenated margins. Along the puncture track of the needle

in gelatine cultures there is a growth of white globules or points

(discrete or running together to form a streak), some of which may-

be surrounded by a feathery growth (Fig. 5). On potato this

organism grows luxuriantly in the form of moist shining colonies.

When grown anaerobically gas is formed.

A large dose, injected into the circulation of a guineapig, kills

the animal within twenty-four hours, and the bacilli

may be found in the blood in considerable numbers

;

but the condition is then of a toxic nature rather than

of the nature of a true infection. If a small dose only

is injected, the duration of the process is prolonged,

and we have an affection much more like an ordinary

septicaemia. When injected subcutaneously, or into

the peritoneal cavity of rabbits or guineapigs, the

quantity is a most important factor. With a small

dose a local abscess may be produced, but the animal

recovers ; or peritonitis may be set up, from which
the animal may also recover, even after a few organ-

isms have been found in the blood. A large dose,

however, gives rise to severe illness, accompanied by
fever, diarrhoea, and great collapse ; there is hyper-

emia of the spleen and of the upper part of the

intestine, evidenced by the reddening of the mucous
and peritoneal surfaces. Large quantities of this

organism injected subcutaneously into dogs, give

rise merely to abscess formation.

The Bacillus coli communis is of special importance

to the human subject from the fact that it is so

frequently associated with peritonitis and suppura-

tion in any region near the intestinal tract, down
to the ischiorectal fossa. Indeed, Fraenkel and
others maintain that in cases of peritonitis, espe-

cially that form following wounds of the intestine, the inflammatory

process is due to the presence of this organism in the abdominal

cavity. That it is not the sole cause, however, is made clear by the

fact that in certain cases the ordinary pus-forming organisms, or the

Bacillus lactis aerogenes, and the Bacillus pneumoniae have been

found.

2. Bacillus lactis aerogenes.—This organism, of import-

ance only from the pathological point of view because it has been

found in peritonitis, is usually met with in the faeces of children

and animals fed upon milk. It consists of short thick rods 1/j to

2/i long and 5/x to 8jj. broad, with rounded ends, and is grouped in

pairs or irregular masses.

In gelatine tube cultures it grows luxuriantly in a characteristic

Fig. 5. — Cultiva-
tion of the Ba-
cillus Coli Com-
munis.
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nail-shape. It forms soft, prominent, porcelain-like colonies on th6

surface of a plate culture, and round yellowish colonies in the depth

of the gelatine. On potatoes it grows readily at the room tem-

perature, but luxuriantly at that of the body, giving

rise to the formation of gas—hence the name—and
is usually "white or creamy in colour. In milk, in

which it sets up an energetic lactic acid fermenta-

tion, and in grape sugar solutions, it requires air,

and gives rise to the formation of considerable

quantities of carbonic acid gas and water. It does

not form spores. It is associated with the summer
diarrhoea of infants, and bears much the same rela-

tion to peritonitis, though in a modified degree,

that the Bacillus coli communis does.

3. Bacillus pyocyaneus.— Bacillus pyocy-

aneus, or the bacillus of blue pus, was first found by
Gessard in the blue pus from wounds. It is a slender

bacillus, with rounded ends, about the same size as

the bacillus of mouse septicaemia, but slightly thicker,

and is usually so small that it may be taken for a

coccus.

It grows rapidly at the room temperature. In a

tube culture a funnel-shaped area of the gelatine

rapidly becomes liquefied, and a bluish-green fluor-

escence gradually spreads through the remaining

solid gelatine. This coloration of the medium is

even better seen in plate cultures, the whole of the

gelatine not liquefied assuming a light green colour.

On agar-agar there is a moist greenish-white layer,

the agar-agar becoming green and fluorescent (Fig.

6). On potatoes rusty-looking colonies are formed
;

these, when moistened with dilute ammonia, become
green, or with dilute acids, red. A bluish colour-

ing matter—pyocyanin—and a fluorescent greenish

pigment have been separated.

These organisms, when injected in considerable

quantity, either subcutaneously or intraperitoneally,

are pathogenic for both guineapigs and rabbits, set-

ting up an acute oedema, purulent infiltration, or
purulent peritonitis, as the case may be, the bacillus

being found in the blood and in the fluids drawn off

from the affected areas. Given in smaller quanti-

ties, it sets up local suppuration ; but the animal
usually recovers, and remains protected against the

action of considerably larger doses.

4. Proteus vulgaris.—Another organism of some surgical

interest is the Proteus vulgaris, one of the commonest of the putrefac-

tive bacteria. It is a bacillus with rounded ends from 1*25^ to 3 -

75yu

in length and -(jfi in breadth, occurring either as oval forms or as

Fig. 6. — Cultiva-
tion of Bacillus
Pyocyaneus.
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more distinct bacteria, usually in pairs, or in longer straight or spiral

filaments. There are also numerous involution forms. This organism
is very motile, and possesses long cilia, and is probably the most
important of all those organisms at one time included under the

term Bacterium termo.

On weak gelatine the colonies have usually a yellowish-brown

colour, and from the margins of the main mass of the colony branches

forming a network shoot off in a characteristic manner, until the

whole surface of the gelatine may be covered with zooglcea masses of

considerable size. In tube cultures the liquefied gelatine is cloudy

along the puncture, although a great part of the culture sinks to the

bottom ; eventually the whole of the gelatine becomes liquefied.

On agar-agar, at the room temperature, a rapidly-growing, moist,

greyish-white coating is formed, and a similar moist but much dirtier-

looking layer on blood serum. Although spores are never found, the

bacillus resists desiccation. It may also grow anaerobically.

A dose of ~jj cc. of a liquefied culture injected into the muscles

is rapidly fatal to rabbits and guineapigs, half that quantity giving

rise to an extensive local abscess, followed at a late period by the

death of the animal, whilst -^^ cc. produces no effect. Watson
Cheyne, who carried on these experiments, calculated that nine

millions of these organisms produced no effect when injected into the

muscular tissues of rabbits. Injection into the subcutaneous con-

nective tissue—of a dose twice as large as that which proved fatal

when injected into a muscle—gave rise to abscess formation, but did

not kill the animal ; and on recovering, this animal was found to be

insusceptible to a similar dose injected into the muscles. Immunity
has also been obtained by injecting filtered cultures of this organism.

Cheyne points out, however, that if a large but non-lethal dose of

the sterilised products of the bacteria be mixed with a small number
of living bacteria an unprotected animal will succumb ; from this

he argues that the poisons devitalise the tissues, and thus enable

the small number of bacteria to set up characteristic pathological

reactions. This is a point of very great importance as bearing on

the necessity of removing the effete matter by the various emunctory

channels at regular intervals, wherever surgical operations have been

performed. The Proteus mirabilis and Proteus zenkeri must be con-

sidered as having a similar action to the Proteus vulgaris.

5. Bacillus cedematis aerobicus.—Klein has obtained from

garden earth a bacillus named by him the Bacillus cedematis

aerobicus. It is about l/i to 2/x in length and 7fx broad ; it some-

times forms long filaments. It stains with aniline colours, but is

decolorised again by Gram's iodine solution (page 51). It is com-

paratively unimportant, but must be mentioned, as when inoculated

into guineapigs, rabbits, and white mice, the animals die very

rapidly, often on the first day, suffering from a condition of sub-

cutaneous oedema, the fluid from which is fatal when injected in

quantities of a single drop.

Bacillus foetidus OZeense,—Bacillus foetidus ozsenae is of
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interest principally from the fact that it is found in the nasal secre-

tions of patients suffering from the disagreeable disease of ozaena,

though it has not yet been proved that it has anything to do with

that condition beyond mere association. The organism, separated

by Hajek in 1888, consists of a short bacillus a little longer than

broad, the elements of which are usually arranged in pairs or in

short chains.

It grows on the ordinary media at the temperature of the room,

the colonies becoming visible at the end of 36 hours, and giving rise

to liquefaction and the formation of gas. On agar-agar plates the

colonies have a granular appearance and the margins are fringed, the

surface of the growth being moist and slimy-looking when in contact

with the air. Grown on blood serum, at the temperature of the

body, they form a whitish layer, from which is emitted a very dis-

agreeable putrefactive odour. Its injection subcutaneously into

rabbits and mice is followed by intense local inflammation, which is

succeeded by spreading gangrene of the connective tissues. In the

same year, 1888, Lumnitzer also separated an organism from a case

ef putrid bronchitis, which emits a disagreeable odour, and sets up
intense local inflammation and a spreading gangrenous process.

The anaerobic bacilli.—The anaerobic bacilli, unable to live

in the blood on account of the large quantity of oxygen therein

contained, are nevertheless capable of multiplying locally in the sub-

cutaneous tissues or in masses of fibrin ; in fact, wherever oxygen is

cut off from a localised area by disease processes. When these

organisms have gained a foothold in any localised position, they are,

like the diphtheria bacillus, able to manufacture and distribute their

soluble poisonous products to all parts of the body.

1. Bacillus tetani (Plate II. Fig. 13).—The most important
of these anaerobic bacilli is the Bacillus tetani, first demonstrated by
Nicolaier in 1884, although it was not until 1889 that Kitasato

obtained pure cultures by heating for one hour at 80° C. the pus
taken from a wound. By this method all other organisms and spores,

except those of the tetanus bacillus, were killed off. The spores of

the tetanus bacillus were then sown in media placed in vessels

from which all the air could be exhausted or driven out by means
of hydrogen.

The organism is a thin straight bacillus with rounded ends,

sometimes growing into long filaments; these divide into shorter

rods, at the extremities of which spores are developed. These spores

are usually rounded, but they sometimes assume an oval or oblate

shape. They are almost invariably considerably larger than the

diameter of the rod in which they are developed, and, as the end
becomes distended by the large spore, the bacillus assumes a peculiar

pin-shaped or drum-stick form, from which the organism derives its

name "drumstick" bacillus. This bacillus is stained by Gram's
method (page 51); the spores, however, require to be stained for a
much longer time than the protoplasm of the rod, but when the

stain is once taken up it is much more firmly retained, so that it is a
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comparatively easy matter to obtain a good double staining by first

treating with fuchsin for a considerable length of time and then de-

colorising everything but the spore, in an acid, afterwards giving
a contrast stain with methylene blue. (See Fig. 35.)

This organism only grows anaerobically, best at the body tem-
perature in pure cultures, forming spores at the end of thirty hours

;

it grows much more slowly in gelatine, at a temperature of from
20° to 25Q C, forming spores at the end of a week. The addition of

2 to 3 per cent, of grape sugar to almost any of the ordinary media
enables the organism to develop fairly readily along the line of

puncture, only below the surface, where a feathery growth is formed,

which is always more luxuriant as the bottom of the tube is ap-

proached (Fig. 3). No gas is formed if the culture is pure. In
peptone bouillon rendered slightly alkaline and kept in contact

with an atmosphere of hydrogen, there is an abundant growth of the

organism.

This organism retains its virulence under cultivation only so long

as it is grown under anaerobic conditions ; especially is this the case

where there has been no time for spores to develop. Experiments
made by inoculating pus from wounds from which patients have ac-

quired tetanus may give entirely negative results in consequence of the

fact that the bacilli have continued their existence under conditions

unfavourable to the retention of their specific virulence. Tetanus
may be produced in the smaller animals by inoculation of very

small particles of nearly all cultivated garden earth, by inoculation

of pure anaerobic cultures of the tetanus bacillus, by the inoculation

of a pure culture plus the tetanus poison or plus lactic acid or

Bacillus prodigiosus, or by inoculation into a bruised wound. It is

difficult to produce tetanus with a young culture, and sometimes

even with an old culture from which, the poison has been washed
away. This is due, apparently, to the fact that the tetanus organisms

form their poisons slowly, and may be rapidly destroyed by the tissue

cells before they have time to form sufficient poison to produce the

nervous symptoms associated with the disease. In the cases above

mentioned, the tissue cells are so occupied in removing the foreign

matter introduced with the organisms, or are so paralysed by the

action of the lactic acid, or of the tetanus poison, that they are not

able to contend on equal terms with the tetanus bacilli, which, under

the favourable conditions so presented, grow rapidly, and eventually

the patient succumbs.

The tetanus organism being a facultative saphrophyte, can grow
outside the body ; it is found in the stable and in the field, so that

tetanus is most common amongst those who work with horses, or on

the land, and the people most susceptible are those in whom bruised

wounds with which dirt may come in contact are most common

—

gardeners, agricultural labourers, soldiers on campaign, and young
children.

The specific tetanus poison, which has been found in the blood

and spleen of patients who have died from tetanus, and has also
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been obtained in considerable quantities from pure cultures of the

tetanus bacillus, when inoculated into rabbits, guineapigs, or mice, or

even into horses, produces a distinct intoxication setting up all the

symptoms of tetanus. It resembles the enzymes in being destroyed

at the comparatively low temperature of 65 Q C. in about 5 minutes,

in 20 minutes at 60° C. and 1^ hour at 55° 0. It is not affected by
drying at ordinary temperatures, but in consequence of its instability

in the presence of chemical agents, it is exceedingly difficult to remove
it as a pure substance. Brieger and Kitasato and Weyl, however,

have succeeded in obtaining a most virulent poison, in the form of

yellow transparent flakes readily soluble in water, which does not

give the reaction for albumens. It is not destroyed by drying, nor

in the dried state by absolute alcohol, chloroform or anhydrous ether,

but is injuriously affected by acids and alkalis, sulphuretted hydrogen

and high temperature, thus resembling the tetanus poison in its

original solution. This poison is so powerful that its toxicity may
be represented as being 500 times as great as that of atropin and
120 to 400 times as great as that of strychnine. The tetanus

bacillus has never been found at a distance from the seat of

inoculation, whence then the absorption of the poison must go on,

but when the extreme virulence of the tetano-toxine is remembered
the deadliness of the process can be readily understood. The first

experiments on the production of immunity against tetanus were
futile, but Kitasato was able to produce a temporary immunity in

rabbits by inoculating with the filtrate from a culture of the tetanus

bacillus, and then injecting at the same point a small quantity—3 cc.

of a 1 per cent, solution of terchloride of iodine—at intervals of 24

hours for five days. He then found that mice, in which he had
previously failed to obtain any immunity, were rendered immune
by the injection into the abdominal cavity of 0*2 cc. of the blood of the

immune rabbit so obtained; this treatment proved efficacious, even

after symptoms had become developed in the affected mice. The
blood of an immune animal was also found to have the power of

neutralising the tetanus poison ; to such an extent has this been
carried that 300 times the lethal dose of a virulent culture, after

being mixed with serum from an immunised animal, produced no
pathogenic results. Upon this rests the whole method of the pre-

paration of immunising serum and the antitoxic treatment of tetanus.

(See Art. IX. page 200.)

2. Bacillus redciaiatis maligui (bacillus of malignant oedema,

vibrion septique).—This organism is of importance as being one of

those so carefully studied by Pasteur (1877) and by Koch four years

later. Like the tetanus bacillus it is found in the superficial layers

of the soil, especially those soils containing a large quantity of organic

matter, and in water that has been allowed to stand in pools near

such soil. It is usually obtained by introducing a small quantity of

garden earth into a pocket beneath the skin of a rabbit or guinea-

pig, when there is developed in the course of 14 to 24 hours, according

to the virulence of the organism, some swelling around the seat of
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inoculation, in which a peculiar crackling associated with a condition

of emphysema may be felt. On the death of the animal, which
usually takes place within 24 or 48 hours, bloody serum is found
infiltrating the subcutaneous and intermuscular tissue. In this

serum the bacillus is found, but so frequently mixed with other

organisms that the best method of obtaining a pure culture is to

remove a drop of blood from the heart, under strict antiseptic

precautions, and incubate it in a sealed tube for 24 hours, at the

end of which time the blood has gone much darker in colour, bubbles

of gas have developed at points along the tube, and when the tip

of the tube is broken, drops of blood are forced out violently, in-

dicating that owing to the formation of gas the pressure within the

tube is very considerable.

These bacilli taken from the tissues are from 3/x to 3'5/x long

and lfj, to Llyu broad, occurring either as single rods, in chains of two
or three, or in long filaments containing twelve to fifteen of these

rods or segments, the transverse divisions not being well marked.
The bacilli differ from those of anthrax, in that they are not

quite so broad, the segmentation in the longer chains is not nearly

so distinct, and the ends of the rods are invariably convex. These
organisms are not stained by Gram's method. The short segments
often contain spores, which are oval and sometimes of greater

diameter than the bacillus itself, so that they cause swelling either

at the end or in the middle, according to the position of the

spore. These spores may be stained in the same way as those

of the tetanus bacillus. Flagella may also be demonstrated. This

organism cannot grow in the presence of oxygen, and is therefore an
obligate anaerobe ; it grows best and forms spores most abundantly
at a temperature of 37° C. Like the anthrax bacillus it does not
form spores in the body of the living animal in which it is deve-

loped, but multiplies rapidly and forms spores readily after the

death of the host, if the body is kept warm.
This organism is best grown in nutrient gelatine, to which has

been added 2 per cent, of grape sugar. Like the tetanus bacillus

it does not grow near the surface, but fairly luxuriantly near the

bottom of the tube. As a result of this growth, the deeper part of

the gelatine first becomes liquefied and cloudy in appearance, and
gas bubbles form in considerable numbers, liquefaction being most

marked where most gas is formed ; ultimately the whole of the

gelatine may become liquefied. When the gelatine is liquefied

before the bacilli are added, small liquefying points are formed in

the course of two or three days in the lower portion of the gelatine.

These points resemble the liquefied gelatine already described, and
when examined with a magnifying glass they are found to have

running across them a fine network, whilst the periphery has some-

what the appearance of a chestnut " burr." The organism also grows

in the depth of nutrient agar-agar and in blood serum, the- latter

medium being rapidly liquefied. This organism may also be grown in

meat, to which a small quantity of water has been added, in a flask
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containing hydrogen. The odour of a culture of the malignant
oedema bacillus is extremely characteristic, and once observed can

never be forgotten.

It is pathogenic for nearly all the domestic animals, with the

exception of cattle, but it is met with only as an accidental disease

in horses and in man, developing in the latter in the form of what the

French call " gangrene gazeuse." It is noticeable that pure cultures

inoculated into a susceptible animal do not set up the peculiar forma-

tion of gas to the same extent as when earth, which no doubt con-

tains a number of other bacteria, is injected. This organism, when
thrown directly into the veins, is killed otf, and the animal does not
succumb. The most sure way of producing the disease is to inject a

pure culture subcutaneously, or into the muscular tissues, especially

if this is accompanied by an injection of lactic acid, or if there is

any previous injury to the tissues. An animal that recovers from
one attack of this disease is said to be immune ; filtered cultures of

the organism, or the filtered serum from immune animals, are said

to produce a similar immunity ; in both these cases, however, the

inoculation must be repeated daily, for from three to eight days,

100 cc. of filtered culture being injected in three days, or 8 cc. of the

filtered serum in eight days.

3. Bacillus of black quarter.—The bacillus of sympto-
matic anthrax, Rauschbrand bacillus, bacille du charbon symptoma-
tique, bacillus of " blackleg " or " quarter evil."

This bacillus is not pathogenic to the human subject, but is im-

portant as being one of the anaerobic bacilli, and is usually studied

in England as the cause of "black quarter" in cattle. Like the

preceding organism, it sets up emphysematous swellings of the subcu-

taneous tissue, a process which often spreads into the intermuscular

septa ; it is found especially on the quarters, particularly where the

subcutaneous tissue or muscle has been injured. On cutting into

the darker-coloured affected area, gas and dark red serum exude in

considerable quantities. In this serum is found a bacillus either

single or in pairs, seldom in threads of any length. The individual

bacilli have rounded ends, and are from 3yu to 5/x long and 5fi to ~6fi

broad. As in the other organisms of this group, flagella and spores

may be demonstrated, the former by Loeffler's method (page 51), the

latter by means of a prolonged staining with fuchsin at a high

temperature. The oval spore is generally within the bacillus, and is

placed near the middle of the rod, in some cases forming a con-

siderable swelling, so that the bacillus becomes more or less spindle-

shaped. This bacillus is not stained by Gram's method.

Like the other anaerobic organisms this bacillus grows best in

nutrient materials to which a certain proportion of glucose—2 per

cent.—or glycerine—5 per cent.—has been added ; it will also grow
on the surface of gelatine in an atmosphere of hydrogen, the colonies

appearing as small rounded growths with irregular margins and
surface ; after a time the gelatine becomes liquefied, and rays shoot

out from the central mass into the surrounding liquefied gelatine.



ACTINOMYCES. 49

When grown in the depth of gelatine or agar-agar, gas may be formed
in considerable quantities. The cultures have then a peculiar acid

penetrating odour.

These organisms develop best at the body temperature, and the
disease in cattle is therefore usually met with in summer, when the
temperature is high. Spores are never found in the living host, but
only at the end of ten to forty-eight hours after death. This disease,

though occurring amongst cattle specially, may give rise to a slight

local reaction in the horse.

The small experimental animals are not readily infected, but
by the addition of a 20 per cent, solution of lactic acid to the inocu-

lating fluid, animals which ordinarily exhibit little susceptibility to

the disease succumb comparatively readily, and, as in the case of

tetanus bacillus, by the addition of sterilised or non-sterilised

cultures of the Bacillus prodigiosus or of Proteus vulgaris, the

disease may be induced even in rabbits and mice. The guineapig

is easily affected, and presents the same lesions as are found in

cattle. The organisms hei*e are found principally in the dark-

coloured serum at and around the seat of inoculation, though cultures

can usually be made from blood taken from the heart immediately

after death, in which they multiply with great rapidity. This

organism is readily attenuated by heat, and Aiioing and Kitt have
used powdered dried muscles from affected cases—these muscles having

been diied at from 32° to 35° C—as vaccine material. This powder,

according to Kitt's method, is exposed to a temperature of 85° to

90° C. for six hours for the second vaccine, and the first vaccine is

made by exposing for the same period to a temperature of 100° to

104° C, care being taken to prevent any moisture from gaining access

to the powder. Inoculation in succession with these two vaccines sets

up a local reaction, the animal recovers, and may then be safely in-

jected with the most virulent material. Other methods of obtaining

the same end have been used, but none are more convenient or more
efficacious than the above.

Actinomycosis.—The actinomyces or ray fungus (Figs. 55

and 56) is found in the pus obtained from certain forms of abscesses

of the lungs, the liver or other organs, and bones, especially those of

the spinal column. The most commonly described form is found, espe-

cially in cattle, in the centre of firm fibrous nodules, this centre being

usually softened or reticulated, the meshes surrounding softened

caseous points which, on examination under the microscope, are found

to be made up of a mass of cells in which is embedded a yellow or

brownish point, composed of wedge-shaped rays, the bases of which

are somewhat rounded, the whole mass having a peculiar mul-

berry appearance when seen in profile, and a conventional star-

like appearance when seen in section. This ray-like fungus,

however, is stated to be merely an involution form found in

older tumours, the active fungus appearing in the form of cocci,

arranged in chains, or leptothrix threads which interlace freely so

as to form a kind of felted network in the centre of the colony,
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with a somewhat radiate arrangement near the periphery. These

threads, somewhat larger in diameter than the cocci (the cocci

are 0*5 /x), vary very considerably in length, being sometimes divided

into short bacilli, or even cocci, whilst in other cases they are seen

as long threads without any sign of division. Near the margin

the threads may become branched, and very frequently, near the

extremity, there is some thickening of the sheath of the coccus

without, however, the club form being well developed. In other

cases, again, the development of the club form is well marked. That
these filaments are the active forms of the fungus was proved by
Bostrom, who found that although the club-shaped peripheral portion

of one of these masses gave rise to no growth on any of the culture

media, those parts which contained numerous filaments were capable

of being cultivated on ox blood serum and agar-agar, appearing

first as fine granules along the line of inoculation ; the growth as it

becomes more marked develops into small yellowish-red nodules,

around which delicate branched processes spread out. These
yellowish masses soon run together, and at the end of seven or

eight days are covered with a delicate fluffy white layer. This

organism grows especially well under anaerobic conditions and at the

body temperature. On microscopic examination, cocci, segmented
threads, the longer threads and the clubs were all found, and when
the threads or cocci were inoculated into the peritoneal cavity of

rabbits or subcutaneously in calves, a typical actinomycosis was set

up. The actinomyces lives outside the body, on barley and other

cereals, from which it is supposed to make its way by the tonsils,

where it has been found in the crypts, both in the human subject

and in the pig. It may also be introduced through wounds,
especially in horses and cattle that are cast and operated upon on
a straw bed ; even accidental scratches of the skin, mouth and
pharynx may allow of the entrance of the organism, whilst it is

thought that in certain cases it may make its way along the mammary
ducts. The leptothrix form is that which is most frequently met
with in the human subject. (See Art. XV. page 316.)

Mycetoma or Madura foot.—Closely allied to the actinomyces
is the fungus found in mycetoma or Madura foot, which has recently

been described by several writers in Great Britain, and has been
cultivated by Surveyor and Boyce. It appears to be a streptothrix

growing slowly on glycerine-agar at the body temperature ; the

form cultivated was from the white variety of the disease, and did

not form pigment. There is true dichotomous branching of the

filaments. To the naked eye the growth is a prominent, somewhat
tough growth, which is divided almost like the ovum of a frog, first

into four and then into eight or even more segments. Experimental
inoculation gives rise to local irritation only. (See Art. XV.)
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The Staining of Bacteria.

Summary of the various stages in staining cover-glass preparations.—Spread out
the fluid on the cover- glass, and allow it to diy ; draw the cover-glass three times
through a flame ; stain from one to three minutes in aqueous solutions of fuchsin,
gentian violet, methylene blue, or Bismarck brown. Gentian violet gives good
results, especially if carbolic acid, aniline water, or other reagents are employed to
intensify its action. Loeffler's methylene blue and Gram's method are also very
suitable.

Staining bacteria in sections.—Sections are transferred directly from absolute
alcohol to the staining solution, Gentian violet is very suitable for most cases. As
a rule, the same methods may be employed here as for cover-glass preparations,
with certain modifications : (1) Sections should be left for a longer time in the stain

;

(2) heat should be applied while the staining process is being carried on, either in
an incubator or by warming over the flame of a spirit lamp until vapour begins
to rise; (3) when the nuclei have lost their colour, or become indistinct during
the decolorising process, they can be brought out again by means of a contrast
stain, such as lithium carmine, picrocarmine, or Bismarck brown

; (4) excessive
decolonisation during dehydration may be prevented by adding a small quantity of
the stain employed to the alcohol—as a rule, however, this precaution is un-
necessary, for if the sections have been well stained, a slight loss of colour is rather
an advantage than otherwise

; (5) clove oil should never be used for clearing the
sections, as it dissolves out aniline dyes, and, to a certain extent, spoils the colour.
Origanum oil is better, but xylol will be found best in most cases.

Gram's method.—Sections or cover-glasses should be kept in absolute alcohol,

from which they are transferred to Ehrkch-Weigert gentian violet solution (aniline

water, 100 cc. ; concentrated alcoholic solution of gentian violet, 11 cc. ; and
absolute alcohol, 10 cc), and left for one to three minutes (tubercle bacilli, twelve
to fourteen hours). Wash for two to three minutes in alcohol, and then put into a
solution of ten parts iodine and twenty parts iodide of potassium in three thousand
parts water, until the dark blue violet is replaced by a dark purple red. Wash once
or twice in alcohol, until most of the colour has disappeared ; then clear up in oil of
cloves, until the whole of the colour is washed out from the sections, and mount in
balsam. Nuclei and tissues are stained yellow, and the micro-organisms, if present,

deep blue or almost black. After the bleaching process the nuclei may be stained
with eosin, vesuvin or Bismarck brown ; then wash in alcohol, and mount in balsam,
glycerine, or glycerine jelly. Aniline water is prepared by adding five parts of

aniline oil to one hundred parts of water ; shake well every half hour for three or
four hours, and decant the water, as the oil settles to the bottom, or take the milky
fluid and Alter it, the filter being thoroughly moistened with water, so that the
undissolved drops of aniline oil may be kept back; the fluid should come
through quite clear and transparent. The commercial aniline is about half the

price, but it is said not to answer the purpose so well. Aniline water soon spoils,

and therefore should be used fresh.

Mailer's method ofstaining spores.—The dried cover-glass film is passed three times

through the flame, or placed for two minutes in absolute alcohol ; then it is rinsed

in chloroform for two minutes, washed in water, and put into a 5 per cent, solution

of chromic acid for half to two minutes, after which it must be thoroughly washed.
Now place a drop of Ziehl's carbolic fuchsin on the cover-glass, and hea'i for one
minute over the flame, until it just begins to boil ; then wash off the solution, and
decolorise in 5 per cent, sulphuric acid. Wash thoroughly in water, and stain for

thirty seconds in a watery solution of methylene blue or malachite green ; wash
again, dry, and mount in Canada balsam. The spores are stained dark red, and
the protoplasm of the bacilli blue or green.

Loeffler's stain forflagella.—Make a potato broth, composed of two parts cooked
potato, mashed and boiled in ten parts of distilled water. Carefully sterilise, and on
this make a cultivation of the required organism. A drop of the culture is then

diluted with from five to ten times its volume of distilled water. If the organisms will
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not grow on this potato broth, they may be cultivated in meat bouillon, which must
be diluted forty or fifty times before it is used for microscopic examination ; or on
gelatine plates, the cultivations in this case being diluted about one hundred times.
A. drop of the diluted fluid is spread on a cover-glass ; on this a drop of 10 per cent,

alcohol is allowed to fall, and the whole is dried in the open air or in a warm room,
at a temperature of 40° C. The bacilli are then mordanted in a solution made up as
follows :—20 per cent, tannin solution, ten parts ; cold saturated solution of sulphate
of iron, five parts ; aqueous or alcoholic solution of fuchsin, or alcoholic solution of

methyl-violet, one part. To this mixture add a drop of hydrochloric, acetic, or
sulphuric acid (in the case of those bacteria which give an alkaline reaction), or of

an alkaline solution, say, 1 per cent. NaOH (in the case of bacteria which have an acid
reaction) - Put a few drops of this mixture on a cover-glass, heat until steam rises, wash
in distilled water, and then in absolute alcohol, until all colour is removed. Repeat
the process, and stain in an aniline water or carbolic acid solution of fuchsin, which
has been neutralised by the addition, drop by drop, of a 1 per cent, solution of NaOH,
until a layer of the previously transparent fluid, several centimetres thick, begins to
become opaque. This will bring out flagella most beautifully. Success depends
on adding just the right quantity of acid or alkali to the mordant.



II. INFLAMMATION.

By W. WATSON CHEYNE, F.R.S., F.R.C.S.,

Surgeon to King's College Hospital ; Professor of Surgery at King's College.

Definition.—Inflammation may be defined as the immediate
series of changes which occur in the tissues as the result of an injury,

provided always that the injury is not of sufficient violence to destroy

the tissues at once. That is to say, whenever an injury is done to a

part, whether the noxious agent be a chemical or a mechanical one,

a certain series of changes commences in that part, and that series of

changes, up to a certain point (so long as they are of an exudative

or destructive character), forms what we know as the inflammatory

process. The degree of the inflammatory change and destruction of

the tissue will depend on the length of time that the inflammation

goes on, and its severity and after-effects on the duration of the

action of the irritant, and on the intensity with which it acts. I have
especially said that it is the early series of changes occurring after an
injury which are inflammatory, and if the injury be slight, or if the

irritant only act for a very short time, the changes which deserve

the name of inflammation soon cease, and the further processes which
occur are those of repair. Inflammation precedes repair ; but repair

is not inflammation, and must not be confounded with it. Inflam-

mation is essentially a destructive process, and when it ceases repair

commences.

The phenomena of inflammation.—We see very well what
happens in the early stage of inflammation if we watch the effect of

a mustard poultice applied to the skin. If the poultice be removed
after, say, ten minutes, the skin will be seen to be reddened over the

whole area to which the irritant was applied ; but if the finger be placed

on any part of the red area, the redness at once disappears beneath it.

If, on the other hand, instead of removing the mustard poultice in

ten minutes it be left on, say for an hour, it will again be found that

the skin has become reddened ; but it will also be seen that on

passing the finger over the reddened area there are points here and

there from which the redness cannot be pressed away. Thirdly, if

the poultice be left on for a longer time, it will be found that not only

is the redness of the skin a redness which cannot be dispelled by

pressure, but that blisters have formed on the surface.

In this observation we see the whole series of changes which occur
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in the early stage of inflammation. The first effect, the redness, shows
that there is an increased amount of blood in the part, and that the

blood-vessels are dilated ; and the fact that the redness can be dis-

pelled implies that this blood is circulating freely. The second

effect, where the blood cannot be entirely dispelled by pressure, shows
that in these parts the circulation is no longer going on, but has

been arrested, this condition being known as inflammatory stasis.

The third stage, where blisters have formed, implies that certain

constituents of the blood have passed out and accumulated under
the epidermis, thus forming a blister. Hence we see that in the

early stages of inflammation changes take place, some of which have
reference to the vessel walls and some to the vessel contents.

By studying the changes which follow irritation in a transparent

living membrane, such as

the frog's foot, one can

see exactly what takes

place. In the first instance,

on the application of the

irritant, one usually finds

that the arteries commence
to dilate, till, by-and-by,

they may be as large, or

even larger, than their ac-

companying veins. It must
be remarked, however, that

in some cases, especially

after the application of cer-

tain chemical irritants, a

preliminary pexiod of con-

traction precedes this dila-

tation. In addition to this

dilatation of the arteries

—

which affects more especi-

ally the small arteries—it
will be seen that the capillaries, and also to some extent the veins,

become distended, while at the same time the blood is circulating

through the part with increased rapidity. If, however, the condition
be watched, it will be found that presently the circulation in these
distended vessels becomes slower and slower, so that after a time one
can see the individual corpuscles passing along the channels; and
ultimately, at the part where the irritant has acted most severely,

the flow of blood becomes entirely arrested, and we have the condi-
tion spoken of as inflammatory stasis (Fig. 7).

The expluKiafioBi of these phenomena has been furnished
by Sir Joseph Lister as the result of observations made a long time
ago on the behaviour of the pigment cells in a frog's foot under the
action of an irritant. On looking at the frog's web, one sees not only
blood-vessels, but also pigment cells, which are numerous in the
skin, and are present also in the deeper tissues, more especially

Kg

:
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. 7.—Section of Skin from Acute Traumatic
Gangrene, showing' stasis in all the blood-
vessels which were gorged with blood, and
in some places ruptured. There has also been
a quantity of fluid poured out raising the
epidermis (bulla?), which has at this part been
lost. There has been no time for cellular in-
filtration of the tissues.
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along the blood-vessels. On watching these pigment cells, it will

be seen that their protoplasm is in constant motion. At one time
the protoplasm containing pigment granules has retreated towards
the centre of the cell and formed a ball ; in this condition the frog is

light in colour. At another time the protoplasm will be seen rush-

ing out from the centre into numerous ramifications of the cells,

which were previously invisible, till the whole tissue becomes a net-

work of this cell protoplasm containing the pigment granules ; in

this state the frog becomes dark. This action of the protoplasm of

the cells seems to be a reflex phenomenon in connection with the

access of light to the frog's eye. Bring the frog into a bright

room, and at once the protoplasm of the pigment cells begins

to retreat towards the centre of the cell and the frog becomes light.

Shut out the light from the frog's eyes, and again the pigment-

bearing protoplasm commences to hurry out from the centre of the

cell into the various branches, and the frog becomes dark in tint.

If the frog be killed the pigment always becomes concentrated towards
the centre of the cells.

Now, if we take the frog into a light room and apply mustard to

the frog's web while the pigment is in a state of concentration, and
then either put it into a dark room or shut out the light from its

eyes, it will be found that the pigment has become diffused over the

whole of the body with the exception of the inflamed area, over which
it remains in the same condition as it was when the irritant was ap-

plied. If, on the other hand, the irritant be applied while the frog

is of dark colour, and the animal be afterwards brought into a light

room, the pigment throughout the body becomes concentrated, while it

remains diffused in the irritated area. If the irritant be removed
recovery gradually takes place; the pigment begins to move in the cells

in the affected area, more sluggishly it is true than elsewhere, but ulti-

mately recovery becomes complete. Hence the condition as regards the

pigment cells is that of a temporary suspension of their function

—

in other words, a temporary paralysis ; and no doubt this condition

of temporary paralysis is not limited to the pigment cells, but affects

all the other fixed cells in the same area. Hence the most probable

theory as regards the dilatation of the vessels in the early stage of

inflammation is that at the focus of the inflammation it results from

the direct paralysing action of the irritant. This, however, does not

completely explainthephenomenon, because this dilatation of the blood-

vessels is not limited to the focus of the inflammation ; there is a

similar condition extending for a considerable area around, an area

greater than that directly affected by the irritant itself. This secondary

dilatation of the blood-vessels is no doubt a reflex phenomenon, and

hence the explanation of the dilatation of the vessels is two-fold,

namely, in part direct paralysis as the result of the action of the

irritant on the vessel wall, and, in part, a reflex paralysis through

the nervous system. I need not go into the various other theories

which have been put forward.

The stasis, also, may be explained in the same manner. It
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certainly is not due to any action of the irritant on the blood

contained in the vessels, because stasis does not necessarily occur

immediately after the lesion, and the blood, which was acted on

by the irritant, has passed through the vessels of the part long

before the occurrence of the stasis. Besides, substances such as

chloroform, which interfere with the coagulation of the blood,

nevertheless produce stasis when applied to the surface of the

tissues. Further, it will be seen, on watching the inflamed area,

that the corpuscles flow freely in the vessels up to the focus of the

inflammation, and it is only when they arrive at that part that they

acquire this tendency to stick to each other and to the walls of the

vessels ; and further, if one watches the vessels leading from the in-

flamed area, it will be seen that as the corpuscles escape from that

part, they lose their adhesive tendency, and flow on perfectly freely

in the circulating blood. Hence the cause which leads to the stasis

is something which is permanently present in the part, and this

stasis has been looked on by Sir Joseph Lister as another mani-

festation of the paralysis of the functions of the vessel wall

:

that is to say, blood when in contact with the walls of healthy

vessels does not coagulate, either because the vessel wall has the

power of actively preventing coagulation, or because it is absolutely

neutral in the matter as compared with dead material, whereas in

inflammation the walls of the blood-vessels being in a state of

suspended function coagulation tends to take place within them.

It matters not which of these explanations is the correct one

;

the fact remains that when injured the vessel wall loses its normal
characteristics, and comes to resemble dead material in so far that

the blood tends to coagulate when it comes in contact with it,

this loss of its function being due to the direct action of the

irritant on the vessel wall, and not merely to the dilatation of

the blood-vessels. As we can readily see, there is no tendency

to stasis in those blood-vessels which are dilated in the vicinity

of the inflammation in which the cause of the dilatation is not a

direct paralysis of the vessel wall, but a reflex phenomenon. On
the other hand, the stasis and the dilatation in the centre of the

inflammation are probably due to the same cause, namely, to direct

action on the vessel wall, this action not resulting, in the first in-

stance, at any rate, in the death of the tissues, but simply in a

suspension of function, which is recoverable again if the irritant

do not act too long or too severely.

While these changes are going on in connection with the circu-

lation of the blood, another set of changes are also taking place

which have reference to the contents of the vessels, namely, certain

constituents of the blood tend to pass out through the vessel walls

and accumulate in the tissues around. This is the phenomenon of

exudation, evidenced clinically by the occurrence of the blister when
mustard has been applied to the skin, and the constituents which
pass out of the blood-vessels are the blood corpuscles, both red and
white, but more especially the white, and certain elements contained
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in the blood plasma. The passage of the blood corpuscles—more
especially the white corpuscles—out of the blood-vessels during the

early stage of inflammation, was demonstrated experimentally and
attributed to their power of amoeboid movement even before their

migration had been actually observed.

I may mention one or two of these observations. For example,

if the centre of a frog's cornea be touched with a fine point of nitrate

of silver, it will be noticed that some hours afterwards a delicate,

cloudy ring has formed around the margin of the cornea, and if the

injury done have been considerable, this ring—which on microscopical

examination is found
to consist of cells

resembling leuco-

cytes—gradually ap-

proaches the injured

part, and the whole
cornea becomes
cloudy. The conclu-

sion, therefore, is not

that these cells have

been derived from
multiplication of the

corneal corpuscles

—

in which case they

would not necessarily

appear in the first

instance quite at the

margin — but that

they are actually

leucocytes which
have passed out of

the COnj unctival Fig- 8.—Section of Granulation Tissue from a suppurating Ulcer,
i-ii -i , , -i At a, a white Mood corpuscle is seen in the act of pass-
OlOOd-veSSelS at tne mg. through the wall of a blood-vessel.

margin of the cornea,

and, therefore, accumulate in the first instance in largest numbers at

that part. Further evidence of this is obtained by injecting finely-

powdei'ed cinnabar, in the first instance, into the dorsal lymph sac

of the frog, and then, after some hours have elapsed, cauterising the

cornea in the manner just mentioned. When cinnabar is injected

into the lymph sac, the lymph corpuscles, which are present there in

large numbers, take up the particles into their interior by virtue

of their amoeboid power, and can then be afterwards recognised by
the presence of these particles in them. Now in this experiment it

has been found that among the cells which appear around the corneal

margin are some which contain particles of cinnabar, and which

therefore must have come from the lymph sac, and consequently

have passed through the walls of the blood-vessels. Lastly, if the

cinnabar be injected into the blood stream instead of into the lymph
sac, and the experiment be performed as before, it is found that the
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number of corpuscles in the cornea, which contain cinnabar, is much
greater, and this is in accordance with what one would expect, seeing

that a larger number of the leucocytes in the blood have had the

opportunity of taking up these particles.

It having been demonstrated in this way that a considerable

number, at any rate, of the cells which appear in the inflamed area

during the early stage of inflammation, are actual leucocytes which
have passed out of the blood-vessels, Cohnheim was the first to

observe the actual migration of these corpuscles. This is done by
spreading out the mesentery of a frog on a glass plate. As the

result of the action of the air, it will be found that the early stages

of inflammation are set up in the exposed part of the mesentery, and
we have the various

--sti&@§£ftS*l*fk~*
phenomena of dilatation

of the vessels, and slow-

ing of the blood current,

which have been already

mentioned. Now if,

while the circulation is

(
-'V).'>;!-. '..'- Vrr-v.-Y^-'.'.-yVV"'.' •V-'vV.'-.-'W- becoming slow, a small

vein be carefully watched,
''

_".•;•• .'iV •,,'"' it will be found that two
.;.••:.••'• • .... . currents can be distin-

-„ ~ .:. guished in the vessel

—

''; .'••'. :•'«'•':'•.
' 'v:/;'"n:c:v^ '^^vv

;^'^^^^•;-:•:^;..:•: a central current contain-

TiX ' '
\ • ing the red blood cor-

'*'" '"'r
°f^

- .
•

• •- puscles, and a marginal

current, in which are the
""^'* ^i^^^^fc* white blood corpuscles.

Fig. 9.—Early Stage of Inflammation of Muscle. The If these white corpuscles
muscular fibres are separated by serous exudation v.„ WQ 4.

r>
i
1 p j *j. w :ii v.^

(cedematous) and leucocytes are collecting around Wducneu, id wiii ue
the blood-vessels. At one part the muscular fibres found that they pass
are being destroyed, and granulation tissue is i , i i

being formed. along much more slowly

than the red, tend to

stick to the walls of the vessels and to each other, and ultimately

come to a standstill altogether, and thus the inner wall of the

blood-vessel may after a time be seen to be lined with a layer of

leucocytes (Fig. 8).

If the specimen be left for some hours, it will be seen on examining
it again that not only is there a layer of white corpuscles inside the

vessel, but that there are large numbers of similar cells outside the

vessel ; and one may find appearances showing corpuscles which
have only partially passed through the vessel, and, as a matter of fact,

the actual migration of the corpuscle has been observed after hours

of careful watching. Once these corpuscles have passed through the

vessel, they proceed by virtue of their amceboid action to wander
away through the tissues, and thus, after a time, the whole surround-

ing district is seen to be infiltrated with leucocytes, although for a con-

siderable time the largest numbers of these cells are found immediately
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surrounding the blood-vessels (Fig. 9). Not only do the white cor-

puscles migrate through the walls of the blood-vessels, but a certain

number of red corpuscles also pass out, in some cases in considerable

numbers. This migration of white corpuscles seems to go on most
actively through the smaller veins, but it also occurs through the

capillaries, and perhaps also through the small arteries. The
exudation of the red corpuscles apparently occurs mainly through

the walls of the capillaries. As to the explanation of the migration

of these corpuscles, it is most usually assumed that the white

corpuscles pass out by virtue of their amoeboid movement, being to

some extent helped by the blood pressure, and that the red corpuscles

pass out solely as the result of that pressure. It may be remarked
that this migration ceases when complete stasis takes place.

At the same time that this migration of blood corpuscles is going

on, certain of the fluid elements of the blood pass out—sometimes

in large quantities—giving rise to marked swelling of the tissues.

This blood plasma coagulates outside the vessels, and consequently

the resulting swelling is of a firm, hard character at the focus of the

inflammation. Where the vessels are dilated reflexly at the margin
of the inflammation, there is also a certain amount of exudation,

more especially of fluid, from the blood-vessels, but this fluid does

not coagulate, and consequently the parts around, instead of being

hard and brawny, are cedematous, and pit on pressure.

The essential feature of this stage, therefore, is exudation, but
the character and the amount of the exuded material vary much in

different cases, and in some instances give a definite type to the

disease. As I have said, the exudation in typical cases coagulates in

the part, but in certain forms of inflammation this coagulation is

only imperfect, and there is what is spoken of as a sero-fibrinous

exudation ; while in some cases coagulation does not take place at

all, and we have a serous exudation. Where the inflammation

affects a mucous surface, the exudation contains not only fibrin, but

mucin and some dead epithelial cells (superficial layer), and is

spoken of as a croupous exudation. In other cases, again, there is

a large admixture of red blood corpuscles with the exudation, for

example, where the inflammation is very intense, as in some forms

of bacteric disease, or where the walls of the blood-vessels are very

friable, as in cancerous pleurisy and so on, these exudations being

spoken of as hcemorrhagic.

The terminations of inflammation. — So far, I have ex-

plained the phenomena of the early stage of inflammation, and
when this stage has been completed, several things may happen.

In the first place, the inflammation may come to a standstill,

and, at once, changes leading to restoration of the part to a

state of health take place, in other words, resolution occurs. By
resolution, we mean the complete restoration of the part to its

normal condition ; the walls of the blood-vessels gradually recover,

the stasis passes off, and the circulation becomes re-established.

The exuded materials become re-absorbed, passing either into the
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blood-vessels, or most usually into the lymphatic vessels—those which

have coagulated undergoing, in the first instance, a certain amount

of fatty degeneration : the corpuscles either re-enter the blood-vessels

or get into the lymphatic vessels, or undergo fatty degeneration, and

are absorbed by the lymphatics in the form of debris, and in this

way the part recovers its normal condition. In some cases, however,

this resolution is not quite complete, as, for example, where the in-

flammation has attacked the surface of a serous membrane, such as

the pleura or the synovial membrane of joints. There, the two serous

surfaces are apt to become stuck together by the lymph, which acts

as a mould into which plasma cells penetrate, these cells subsequently

organising into fibrous tissue, and giving rise to adhesions between

the serous surfaces, a well-known result for example in the pleura as

pleural adhe-

sions, and in

the joints as

a cause of

stiffness (Fig.

10).

In the
secoud place,

if the inflam-

mation be ex-

tremely vio-

lent, stasis

may occur
between the over a very

large area,

and when the

inflammation comes to a standstill a portion of that area does not

recover, and we have the condition oi gangrene.

In the third place, and most commonly, when the inflammatory

changes have gone on to the stage described, they continue, and lead

to the second or later series of inflammatory changes, namely, the

destruction of the original tissue of the part which is the seat of the

disease, and the formation of a new tissue, which is termed granula-

tion tissue (Fig. 11). Where this occurs, it will be found, provided

that the inflammation has lasted sufficiently long, that the original

structure of the part has completely disappeared. If the inflamma-

tion be situated in muscular tissue, the muscular elements will be

destroyed, and after a time nothing will be seen but a mass of round
cells with embryonic blood-vessels. Similarly, if the skin be the seat

of the disease, as, for example, in small-pox pustule, the papillae of

the skin are destroyed, and their place is taken by this same granu-

lation tissue. In bone, also, the solid tissues of the bone disappear,

and instead of a dense osseous structure, we find nothing but a mass
of soft granulation tissue. This granulation tissue is, as I have just

said, composed of a mass of round cells containing embryonic blood-

vessels (Fig. 12), but when an inflammation has lasted for any time,

Fig. 10.—A Piece of Lung showing Adhesions passin
two Pleural Surfaces.

a, Parietal pleura ; 6, adhesions c, lung.
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these cells, more especially at the parts most distant from the focus of
inflammation, have a great tendency to become elongated and spindle-
shaped, and to develop into fibrous tissue ; and hence, in examining
granulation tissue, it is

seldom that one finds

—unless it be in the

very early stage, or at

the focus of the inflam-

mation—that there are

only round cells and
embryonic blood-ves-

sels. It is most common
to find at other parts

of the inflammatory
growth that more or

less complete fibrous

tissue formation has

taken place, and that

the walls of the vessels

have becomethickened,
and considerable num-
bers of them obliter-

ated. This tissue is

called granulation tis-

sue wherever it occurs,

because its structure is

exactly the same as

that found in the granulations or buds on the surface of a healing

sore (Fig. 8)

As regards the origin

of these granulation

cells, much debate has
taken place. Formerly
it was held that the cells

which formed the granu-

lation tissue originated

entirely from prolifera-

tion of the connective

tissue cells in the part
,

but when Cohnheim
demonstrated the migra-

tion of the white cor-

puscles, many at once

took up the view that

these cells were leuco-

cytes or derived from
leucocytes which had passed out of the blood-vessels during the early

stage. It is now, however, pretty generally held that leucocytes do not

possess the function of forming permanent tissue, and that the cells

Fig. 11.—Inflammation of Pat. Cells are accumulating
between the fat cells, which are being compressed and
disappearing ; at some parts only a young cellular
(granulation) tissue is to he seen.

Fig. 12.—Section of Granulation Tissue, showing its
cellular structure and the presence of numerous
young vessels.
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of the granulation tissue must be derived either by proliferation of

the fixed connective tissue corpuscles in the part, or by proliferation

of the wandering plasma cells, which, again, are apparently deriva-

tives of the connective tissue corpuscles.

As regards the origin of the blood-vessels in granulation tissue,

they apparently arise in the various methods in which they are

formed in the embryo, more especially by budding from the endo-

thelial cells of existing capillaries, which buds join others from
neighbouring capillaries, become hollowed out, and form new channels.

When inflammation has passed on to the stage of complete

destruction of the tissue and the formation of granulation tissue,

various things may happen. In the first place, the cause of the

inflammation may cease to act, and retrogressive changes take place

in this granulation tissue, consisting essentially in the organisa-

tion of the granulation cells into more completely formed fibrous

tissue. Where complex tissues are destroyed, there is no repro-

duction of the original tissue of the part (Fig. 9). There is, in

fact, no real resolution of the disease. The result of the healing

process is the formation of a, fibrous cicatrix. This new fibrous tissue

assumes the characters of the connective tissue in which it is formed
;

for example, where fat was previously present, it afterwards develops

into loose, fatty, areolar tissue. Where denser fibrous tissue is pre-

sent, as in tendons, the result is the formation of dense fibrous tissue

;

or where the inflammation occurs in bone, the new cicatrix becomes
converted into bone.

A second thing that may happen where the inflammation has

gone on to the stage of granulation is that the cause of the in-

flammation ceases to act with the same violence, but still remains
in the part and keeps up the changes to a slighter degree, and we
have the condition of chronic inflammation established.

Thirdly, and most commonly, where the inflammation has gone
on to granulation as the result of a series of acute changes, its

further continuance ends in suppuration.

Lastly, in cases where inflammation affects a free surface

—

especially of the skin

—

ulceration may be the result*

The causes Of inflammation.—As regards the causes of acute

inflammation, I need not here enter into particulars. As has already

been stated in the definition, any injury to the tissues which is

sufficiently severe will set up a certain degree of inflammation in the

first instance, the exact stage to which the inflammation proceeds

depending, however, on the length of time that the irritant continues

to act and on various accessory circumstances. Inflammation, in

fact, only continues so long as the cause or causes remain in action.

Once these causes are got rid of, healing processes commence.
Apart from the exciting causes of acute inflammation, a certain

predisposition on the part of the tissues, or of the body generally,

may be necessary in order that these causes shall act. We shall,

however, have opportunity in treating of suppuration to refer more
particularly to these causes.
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The exciting causes of acute inflammation come, for the most
part, from without, and they may be divided into two groups, from
the j3oint of view of treatment—namely, firstly those which are
momentary in their action or are removable, and secondly those
which cannot be readily got rid of. In the first group of cases we
have such things as injury, which may be either of a mechanical or

chemical nature. As regards mechanical injuries to the tissues, these

are usually only momentary in their action, and it is seldom—unless

they have caused actual death of a portion of the tissue, which may
then act as a foreign body—that the inflammation produced by
mechanical injuries goes so far as the stage of granulation. In most
cases the inflammation subsides before this period has arrived, and
resolution is the result. Chemical substances applied to the tissues,

and constantly renewed, may carry on the inflammation to the stage

of granulation ; but it is comparatively seldom that these substances

come into play in ordinary circumstances. Again, the presence

of foreign bodies—such as bullets, pieces of dead bone or tissue, etc.

—are also causes of inflammation under certain circumstances, and
may lead to the destruction of the tissue and the formation of

granulation tissue. "With regard to the second group of cases, by
far the mosb common cause of acute inflammation is the growth of

micro-organisms in the tissues of the affected part; and as these

micro-organisms generally carry the inflammation to a further stage

than granulation—for example, to suppuration—we need not consider

them here in detail. (See Art. III.) It is these micro-organisms
which I have grouped under the head of irremovable causes, because,

at the present time, once they have become established in an inflamed

part, we have no certain means of getting rid of them.

The symptoms of acute inflammation.—The symptoms of

acute inflammation are both local and general.

(a) .Local symptoms.—The local symptoms are always described

in text-books as four in number ; namely, redness, swelling, heat, and
pain. These four, when they occur together, always imply the presence

of an inflammatory process ; but, occurring separately, they do not

necessarily possess this significance. For instance, redness alone may
be due to dilatation of the blood-vessels, quite apart from any inflamma-

tory change— that is to say, from any suspension of function in the

blood-vessels—as occurs after division of the sympathetic nerve in the

neck, where the blood-vessels of the ear become greatly dilated, and the

ear itself becomes intensely red, but no other phenomena of inflam-

mation result, because the vessel walls are healthy. Swelling, also,

does not of itself indicate inflammation, because many swellings are

due to new growths of various kinds ; and the increased heat of the

part and the pain are also not necessarily indicative of inflammation.

When, however, the whole four symptoms are combined, it is almost

certain that we have to do with an acute inflammatory process, the

only exception being some very rare cases of sarcomata growing

excessively rapidly.

In the first place, where the inflammation is superficial, the skin
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over the part is of a bright red colour, due, of course, to the presence

of an excessive amount of arterial blood in that region, this redness

being, however, much more extensive than the actual inflamed area,

owing to reflex paralysis of the blood-vessels around. The redness

of the ordinary acute inflammation also shades off gradually at the

circumference, there being a gradual passage from the normal condi-

tion of the vessels beyond to the dilated condition of the vessels at

the centre. It is only in certain specific inflammations—such as ery-

sipelas—that there is a definite limitation of the reddened area. As
the inflammation continues, this redness becomes darker towards the

centre, owing to the greater difficulty which the blood there finds iu

passing through the capillaries, and its consequent increased venosity.

There also the redness is, after a time, not only due to dilatation of

the blood-vessels and increased quantity of blood, but also to actual

pigmentation of the tissues, as the result of the passing out of the red

corpuscles from the blood-vessels, their disintegration in the tissues,

and the deposit of the blood pigment there. Consequently, when
the inflammation has lasted for a considerable time, a certain amount
of staining of the tissues will often remain for some weeks or months.

When the inflammation subsides, the redness of the region also dis-

appears ; but this disappearance is for a time not complete, because

the recovery of the tone of the vessels is somewhat slow. Hence for

some weeks or months the part which has been the seat of an acute

inflammation can be recognised from its increased vascularity after

exertion, and also from the pigmentation of the skin, when the

inflammation has been intense or long-continued.

An acutely inflamed part always gives the sensation of greatly

increased heat to the hand ; and it was at one time a question that

was thought to be of importance, and was consequently much debated,

whether this increased heat was actually generated in the inflamed

part, or whether it was merely noticeable because there was such an
increased amount of hot blood in that area. It seems to me that

—

taking into consideration the various experiments which have been
made—it may be asserted that there is a slight, though very slight,

generation of heat in the inflamed area, and that the blood which
returns from that part is very slightly higher in temperature than
that which comes to it. The matter, however, is one which, accord-

ing to our present views, is of practically no importance, and an
increased production of heat in the inflamed part is only what one
would expect as the result of the active chemical changes which must
be going on there.

The swelling which occurs as the result of acute inflammation

in a part varies in character according to the portion of the inflamed

area which is examined. In the centre of the inflamed area the

swelling is hard and brawny, and it is not easy to press the finger

into it. On the other hand, at the margin the swelling is soft, and the

finger readily causes pitting. The explanation is that in the centre

of the inflamed area the swelling is due to the presence of solid

material which is deposited in the tissues, this material being in the
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main coagulated exudation from the blood-vessels, and in part, also,

large numbers of inflammatory cells. At the margin, on the other

hand, the cause of the swelling is the presence of a serous fluid in

the tissues, which is readily driven along the interstices of the tissue

under pressure by the finger.

Lastly, as regards the pain. This varies in character and degree,

according to the seat of the inflammation. It is least where the
inflammation occurs in loose cellular tissue ; it is greatest where
fasciae and other dense tissues which do not readily yield to pres-

sure are affected. This pain is of a throbbing character, and is

much worse when the part is allowed to hang down, that is to

say, when the distension of the blood-vessels is increased. It is

mainly due to the pressure of the distended blood-vessels on the

nerves of the part, these nerves being probably also themselves the

seat of inflammatory changes.

(b) General syaiiptosns.—A patient who is suffering from
acute inflammation also presents, in most cases, certain constitu-

tional symptoms, varying in degree and in character according to the

extent of the inflammation, and according to the causes which have
set it up. In the most ordinary or sthenic form of inflammatory
fever, the patient complains of headache, his eyes are suffused, there

is more or less complete loss of appetite, the tongue is furred, white
and moist, the bowels are constipated, the urine is scanty and high-

coloured, and the skin is dry. The temperature rises rapidly at

the commencement of the inflammation, and on an average attains

a height of about 103° F., and for three or four days this temperature
of between 102° and 103 Q

is maintained in cases' where one has to

do with a somewhat extensive, but not particularly dangerous, form
of inflammation. Where the inflammation has gone on to suppu-
ration, the temperature not uncommonly begins to fall or becomes
oscillating, and, in any case, this fall takes place when the inflamma-
tion subsides. The pulse-rate is also increased, varying usually
from 100 to 108, and the pulse is full, not easily compressible, and
regular. In some cases where the inflammatory fever is high, or

where the inflammation attacks the head, there may be delirium,

which is generally of a, more or less violent character, the patient

shouting and tossing about.

This is the ordinary type of fever in cases that are not of a
very serious nature, but in certain forms of inflammation the

general symptoms assume a much graver character, indicating

very grave depression of the patient's vitality. This form of

inflammatory fever, which is spoken of as asthenic fever, or a

typhoid state, may be present from the commencement, but most
usually is preceded for a day or two by the sthenic type, which I

have just described. In this asthenic form the temperature is

higher and somewhat oscillating, the pulse, instead of being full and
bounding, is soft, thready, easily compressible, and numbers from
120 to 150 the minute. The tongue, instead of being moist and
white, is brown and dry. Delirium is almost always present, and is

D
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of a low muttering character, the patient lying in bed in a semi-

conscious condition. This type of fever itsually occurs in cases

where the inflammation is very extensive, more especially where we
have the form spoken of as diffuse cellulitis ; where it rapidly

ends in gangrene; where certain serous membranes, such as the

peritoneum, are the seat of the disease ; or in certain cases of acute

inflammation of the periosteum and bone.

The cause of this inflammatory fever is no doubt due to the

absorption of poisonous materials from the area of inflammation, and
as in almost all cases where these general symptoms are present,

the inflammation ends in suppuration or gangrene, these poisonous

materials are most usually the products of the bacteria which are

the exciting causes of the inflammation (page 18).

Treatment.—The treatment of acute inflammation resolves

itself into local and general ti-eatment.

(a) Local treatment.—In treating a case of acute inflamma-

tion, the first thing to be done is to ascertain, and if possible remove,

the causes that are at work. If this can be done, the inflammatory

process will at once come to an end, and very little further treatment

will be required. I have already referred to the removable causes

of inflammation, such as the presence of foreign bodies, the action of

chemical substances, etc., and if these are known to be present and
are accessible, they ought at once to be taken away. Practically,

however, in almost all cases where we have the symptoms of acute

inflammation which I have described, the active cause at work is

the growth of micro-organisms in the tissues, and is, therefore,

according to our present knowledge, irremovable, and all that we
can do in the first instance in the way of treatment, is to attempt to

render the growth of these organisms difficult, to minimise the

effects they produce, and to modify any symptoms which are sources

of danger or discomfort.

The most obvious symptom to treat is the congestion of the part,

and if we succeed in diminishing the congestion, we succeed also in

diminishing the pain and the amount of exudation. The congestion

of the part may be diminished in a variety of ways. In the first

place, an essential in the treatment of an inflamed part is to elevate

it so as to favour the return of blood to the heart and diminish the

venous engorgement. The advantage of elevation of the part is at

once evident from the patient's sensations. If an inflamed part be

allowed to hang down, the throbbing becomes very severe and the

tissues feel as if they would burst ; while if it be placed on a higher

level than the heart, a sensation of relief is at once experienced.

Another way of diminishing the congestion of the part is to reduce

the rapidity of the heart's action by giving aconite, one or two minims

in two or three doses with about an hour's interval between each, the

patient being carefully watched ; the result is that with the dimin-

ished frequency of the heart's beat a diminished amount of blood is

sent to the inflamed part in a given time.

Again, by blood-letting one can diminish the local congestion.
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and this is better done by local than by general blood-letting. The
effect of general blood-letting is to lessen the vigour of the heart's

action, and consequently to reduce the force and rapidity with
which the blood, is sent into the inflamed part. It is possible, also,

that where a considerable amount of blood is withdrawn, the com-
position of the blood-serum is altered in a direction antagonistic to

the life of the micro-organisms, and thus the growth of the causal

agents may be interfered with. The mode in which local blood-

letting acts is not very clear, but it is probable that to a considerable

extent the action is a reflex one, namely, that in emptying superficial

vessels, reflex contraction of those which are going to the inflamed

part occurs.

The forms of local blood-letting in acute inflammation consist of

leeching, cupping, scarification, and free incision. The action of the

leech is to saw through the surface of the skin in a triradiate manner
and then to suck a quantity of blood from the part. The amount
which a leech will usually take is about a drachm and a half, and once

it has sucked its full, it generally falls off. It is important to remember
that in the leech's pharynx a substance is secreted which has the

power of pi'eventing the coagulation of the blood, and in this way
the flow of blood can go on. The importance of this point is with
reference to the after-bleeding from leech bites, which is sometimes
very dangerous and which may possibly in some cases be due to the

presence of this secretion in the wound. In applying a leech, care

must be taken to confine its movements within the area in which it

is required to act (that area having been previously thoroughly

cleansed), and if it does not quickly take hold, this will be promoted
by pricking the part and drawing a little blood, or by nibbing a little

cream on the surface of the skin. After the leech has filled itself, it

usually drops off, but if it does not, the application of a little salt and
water will produce that effect, and then the bleeding can be promoted
for some time by the application of hot fomentations. When it is

desired to stop the bleeding, the application of pressure is usually

sufficient ; but sometimes there is a great deal of trouble in

arresting the hsemorrhage. If that be the case, it may be necessary

to apply styptics, such as perchloride of iron, etc. ; but generally

it is sufficient to pinch up the skin around the leech bite, dry it

thoroughly, and paint it over with collodion. If the bleeding per-

sist, excision of the leech bite will usually stop it. On account of

this risk of bleeding, leeches should only be applied on parts where

pressure can be subsequently and efficiently employed—for instance,

not to the eyelid or the scrotum—and also, the leeches should be

used in the morning and not at night, so that if bleeding goes on it

can be easily detected.

Cupping, either dry or wet, has practically tht> same effect. In

employing wet cupping, the air in the cup is exhausted by a match
or a piece of burning blotting paper, and the cup quickly inverted

and closely applied to the skin. After it has acted for a few

minutes, it is removed, scarifications are made over the part, and the

d 2
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cup is reapplied, care being taken that the scarifications should not

go through the whole thickness of the skin, otherwise retraction of

the vessels will take place, and satisfactory bleeding will not occur.

Haemorrhage can be subsequently promoted, if desired, by the use of

warm fomentations.

The most useful method of local blood-letting in cases of super-

ficial inflammation is the employment of incisions, which are of value

not only in removing the congestion of the part by the bleeding, but

also in permitting the exuded materials to escape, and thus diminish-

ing the pressure on the blood-vessels and the consequent interference

with the circulation of the blood. This method is of especial inrport-

ance where the inflammation attacks dense tissues, and where the

pressure of the exudation may completely arrest the circulation and
lead to the occurrence of gangrene. For example, in cases of in-

flammation of the periosteum, it is of extreme importance to make
early and very free incisions through the inflamed tissues, otherwise

necrosis of the superficial layers of the bone is very apt to occur.

The congestion of the part may also be relieved by the employ-

ment of cold. Cold applied to a part causes contraction of the blood-

vessels, and over an inflamed area it will lead reflexly to the con-

traction of the vessels going to that area. Cold, however, has a

deleterious action in two ways. In the first place, it depresses

the vitality of the part if too long applied and too intense, thus

favouring the occurrence of gangrene ; while, secondly, it leads to

slowing of the circulation through the part, as shown by the blueness

of the fingers where the hands have been long exposed to cold.

While it is desirable to diminish the quantity of blood coming to an
inflamed part, it is not desirable to slow the circulation ; on the

contrary, it is of advantage that the circulation should be active in

the part in order that the deleterious materials may be quickly

carried away and diluted in the blood, either by means of the blood-

vessels themselves, or by means of the lymphatic system. Hence,

cold must be very judiciously applied in acute inflammations, and as

a matter of fact, its use should be mainly limited to the early stage

of the affection ; in the later stages it is very apt to precipitate

gangrene.

There are various methods in which cold may be employed.

Where the degree of cold required is not great, some of the evapo-

rating lotions are quite sufficient. For example, an evaporating

lotion composed of chloride of ammonium (half an ounce), rectified

spirits of wine (an ounce), to eight ounces of water, acts extremely

well, a piece of rag being placed over the inflamed area and kept

constantly wet with this lotion. Another very good lotion is the

lead and opium lotion, consisting of the dilute liquor plumbi sub-

acetatis, with ten to twenty minims of tincture of opium to the ounce.

Where more efficient cold is required, dry cold must be employed,

Decause it is less apt to lead to gangrene. This dry cold may be

applied by means of ice contained in an indiarubber ice-bag, a piece

of lint being placed between the bag and the skin in order to absorb
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any moisture. If still more efficient cold be requisite, any desired

degree is obtained by means of Leiter's tubes. These are thin leaden

tubes arranged in coils, which can be moulded to the irregularities of

the surface. A piece of lint is placed between the skin and the

tubing, and then water of the desired temperature is passed through

from one end in a continuous stream. These tubes are extremely

efficient in keeping up the cold, and must therefore be carefully

watched. It is well not to leave them on for more than two hours at a

time, on account of the great depression of the vitality which results.

They are also of advantage in cases of haemorrhage.

Another plan of treating acute inflammations, which is of more
universal applicability, is the employment of heat, which, like cold, is

found to diminish the congestion of the part in certain cases, and
thus to lead in some instances to resolution. The action of heat is

not so clear as that of cold, but it also is probably in most cases a

reflex one. Where the inflammation is quite superficial, and where
the skin and the inflamed part are fed by the same vessel, it is con-

ceivable that the dilatation of the superficial vessels of the skin over

the inflamed area, as the result of the application of the heat, will

lessen the supply of blood which can go to the inflamed part ; but
in most cases the vessels of the skin and of the inflamed part are

independent of each other, and this explanation will not suffice. It

is possible also that the effect of heat is to lessen the excitability

of the deeper-seated nerves, and therefore to diminish the dilatation

of the vessels leading to the part. Certainly, where heat is applied

to the skin, the irritability of the nerves is reduced, as shown by
the easing of the pain, etc. ; and it is possible that this action is

communicated to the deeper nerves, leading to diminution in the

calibre of the afferent arteries. Heat also acts beneficially in that it

increases the rapidity of the circulation through the part, and thus

washes out the morbid products which tend to accumulate there.

Heat may be applied either by means of poultices or fomenta-

tions. Of these the poultice is no doubt the most effectual for the

time being ; but it is a decomposing vegetable substance, and should

subsequent operation in that part become necessary, the thorough

disinfection of the skin is a matter of great difficulty. Hence, in

cases where poultices are used over a part which may be subsequently

incised, it is well to combine them with some antiseptic substance,

or to have them entirely composed of it, the best materials that

may be used to impregnate the poultice being eucalyptus oil or

boracic acid. Linseed meal is what is usually employed for

poultices, and its advantage consists chiefly in the presence of

the oil, but other materials will act almost as well if only oil is

added. The poultice must not be too heavy—about four table-

spoonfuls of linseed meal to half a pint of water—and everything

must be as hot as possible, the water boiling, and the material on

which the poultice is spread previously heated. Where a poultice is

used in the case of superficial inflammation, it is applied directly to

the skin ; but in deeper-seated inflammations, where the poultice. is
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applied at a higher temperature, a piece of muslin or lint must be

interposed. Outside the poultice a mass of cotton-wool is laid, and
the whole fixed on by a bandage. It does not usually require

changing for from two to three hours. In cases where an operation

will probably be subsequently required it is best to be content

with hot fomentations. These are made by pouring boiling water
on a piece of thick flannel, which is then wrung dry, and
quickly applied to the skin ; and outside it, overlapping it in all

directions, a piece of mackintosh cloth, and outside this again

some cotton-wool and a bandage. The disadvantage of the fomen-

tation is that it requires to be changed more frequently ; but in cases

where pressure can be borne the fomentation or the poultice can be

kept hot for a much longer time if an indiarubber hot-water bottle,

containing a small quantity of boiling water, be laid over the part,

outside the cotton-wool.

(b) General treatment.—As regards the treatment of the

general condition, the indications are to keep up the strength of

the patient, to dilute the poison in the blood, to lead to its excre-

tion from the blood, and to treat any special symptoms which
may arise. Of these, the most important is to attend to the

restoration of the excretions, and this should be done by the

administration of purgatives, more especially sulphate of magnesia
\

by the use of diuretics, the best of which is probably bitartrate

of potash, usually given in gruel—one tablespoonful of oatmeal,

half a pint of water, a drachm of cream of tartar, and a little

sugar and brandy, or spirit of nitrous ether; and by sudorifics,

such as liquor ammonia? acetatis, or Dover's powder. The purgative

acts not only in expelling the excretions, but in leading to transu-

dation of a quantity of serum from the blood, and it probably acts

also as a counter-irritant leading reflexly to diminution of the in-

flammatory condition ; it should be administered in every case, even
although the bowels are acting. The poison should also be diluted

in the blood by allowing the patient to drink large quantities of

fluid, which he is always very ready to do. This fluid should, of

course, be as much as possible of a nutritious character, such as

milk, barley-water, weak beef tea, etc. A good fluid is also the
" Imperial " drink, which is composed of a drachm to a drachm
and a half of cream of tartar, with a little sugar and a little lemon-

peel to the pint of boiling water. As regards the food during the

acute stage of inflammation, it must consist essentially of milk and

fluid preparations of meat (the patient can digest nothing else), and
if he gets plenty of milk (four to six pints a day), he will obtain

sufficient nutriment for the time being. Stimulants are not

usually necessary or desirable. As soon as recovery commences,
the patient will require as nourishing a diet as he is able to

digest, and he will then in all probability be the better for a little

stimulant.

Prognosis.—As regards the prognosis in cases of acute inflam-

mation, questions which are constantly asked by the patient are

:
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How long is the trouble going on 1 And does it show any signs of

improvement 1 These are difficult questions to answer ; but we may
take it that if an acute inflammation lasts for more than three or

four days, it will almost certainly go on to suppuration : if, on the

other hand, it is noticed after three or four days that the skin,

instead of being tense and shiny as the result of the great dis-

tension from the exudation, becomes wrinkled, the inflammation is

subsiding, and will probably do so without the occurrence of sup-

puration.

Chronic inflammation.—So far I have been speaking of acute

inflammation, but we have also to consider another inflammatory

process which is much more difficult to describe and understand—
namely, chronic inflammation. By this, we mean an inflammation

which runs its course slowly, and which is not accompanied by any
severe local or constitutional symptoms.

Causes.—The causes of chronic inflammation differ from those

of acute, more especially in the fact that it is not due to the ordinary

pyogenic organisms, but is most commonly the result of some other

morbid process which is going on in the tissues. At the same time, the

presence of a foreign body in the part, such as a bullet, or a piece of

dead bone, etc., may keep up this condition of chronic inflammation

for an indefinite time. The retention of pus after the opening of

an abscess—where the opening has been too small—will also keep
up a condition of chronic inflammation in the surrounding tissues.

Similarly, the obstruction to a duct of a secreting gland, such as a

salivary gland, will set up chronic inflammation in the substance of

the gland from the pressure of the retained secretion. Again, chronic

inflammation is kept up by certain conditions of the blood, as in

rheumatism, or by deposits from the blood, as in gout. By far the

most common cause of chronic inflammation is, however, the pre-

sence of an infective disease, more especially tubercle or syphilis.

The greater part of the swelling which occurs in tuberculous diseases

is due to chronic inflammation of the tissues surrounding the

tubercular deposit, and not to the tubercular deposit itself ; and
herein lies the difficulty in understanding or describing chronic

inflammation by itself as apart from the disease with which it

is associated.

Processes.—The processes which go on in chx'onic inflammation

are in their essence the same as those which occur in acute inflammation,

except that they progress very much more slowly, and extend over a

longer period. These processes consist in the gradual destruction of

the tissue in which the inflammation is occurring, and its replacement

by young connective tissue. In chronic inflammation one does not

meet with typical granulation tissue, the multiplication of the cells

goes on very slowly and they very quickly undergo organisation

(Fig. 13), and the ultimate result of chronic inflammation is an increase

in the connective tissue of the part which is the seat of the inflamma-

tion, leading in the first instance to great thickening of the part (for

example, in chronic inflammation of bone), and subsequently, in
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some instances, as in cirrhosis of the liver, to marked contraction

and diminution in the size of the organ (Fig. 14). Chronic in-

flammatory conditions of themselves do not go on to suppuration.

Symptoms.—As regards the symptoms of chronic inflammation,

there is no constitutional effect from the inflammation per se, unless it

attack some vital organ, any general trouble which results being due

to the other morbid process, which sets up the inflammatory condition,

such as tuberculosis. Of the local symptoms, the most marked is the

swelling of the part, which may in some cases attain great size, more

eepecially in cases of chronic inflammation of the periosteum and bone.

This increase

in size is, as I

have already

mentioned,
sometimes fol-

lowed, after the

disease has dis-

appeared, by
marked dimi-

nution. As re-

gards the second

cardinal symp-
tom of inflam-

mation, pain,

that will vary

according to

the seat of the

inflammation.
In some cases

the pain is only

very slight, in

others there is

a good deal,

and it depends
on whether
nerves are in-

volved in or pressed upon by the inflammatory new growth. In
the case of bone, for example, there is generally a good deal

of pain of an aching character, worse at night. In chronic in-

flammation of the soft tissues, such as the breast, the pain is

of a more neuralgic character, due to the compression of the

nerves. In most cases there is, however, a certain amount of

tenderness on pressure. There is always some increased heat

over a chronically inflamed area, as compared with the opposite

side, and naturally, also, the part which is the seat of the inflam-

mation is more vascular than the healthy tissues ; at the same
time, unless the inflammation affects the skin itself, there is no
redness. The skin at the seat of a chronic inflammation, how-
ever, may be of a somewhat duskier colour than elsewhere, and the

Fig. 13.— Section of Nerve from a Stump, showing the great Increase
of the Fibrous Tissue as the result of Chronic Inflammation.
This new tissue is very vascular, and as it contracts presses on
the tubules, leading to their atrophy.
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increased vascularity of the part may be shown by the presence
beneath the skin of enlarged veins.

Treatment.—The continuance of chronic inflammation bein°-
entirely dependent on the presence of the irritating cause, the first

essential in the ti-eatment is to ascertain what the cause is, and
to get rid of it if possible. Where the inflammation is due to a
foreign body, such as a bullet or a piece of dead bone, naturally the
treatment is to open up the part and to remove the offending agent.
Where the inflammation depends on some constitutional condition,
such as rheumatism or gout, the removal of the cause must be at-
tempted by means of suitable constitutional remedies. Where, how-
ever, the essence of the trouble is some local infective disease, such
as tubercle, the question of the removal of the cause must depend
upon various cir-

cumstances, which
will be discussed in

speaking of these

affections in differ-

ent situations. In
cases where the

cause cannot be
ascertained, or can-

not be removed,
various methods of

treatment may
nevertheless be em-
ployed, with the

view of diminishing

or even arresting

the inflammatory process, and the first and most essential of all

the methods is to place the part completely at rest. This rest

should be in bed, especially if the chronic inflammation affects the

lower part of the trunk or the lower extremities, and the affected

part should, as far as possible, be placed at a higher level than the

heart. In cases where the chronic inflammation affects the upper

extremities, it is not so essential to place the patient in bed, provided

sufficient rest is obtained by suitable forms of retentive apparatus.

The patient may in that case be allowed to go about, and thus obtain

the benefit of fresh air and exercise, which may be of great value in

getting rid of the cause of the disease.

The second great principle in the treatment of chronic inflamma-

tion is the employment of counter-irritants, of which we have a

considerable variety. The action of these counter-irritants is by no

means clear. The most generally received theory is that, on the one

hand, by causing congestion and inflammation of the skin, they lead

reflexly to diminution in the vascularity of the inflamed part : and
on the other hand, by the irritation of the terminal ends of the

nerves in the skin, they in some way or other alter the nervous

balance, and lead to some salutary change in the innervation of thrj

Fis\ 14.—Cirrhosis of the Liver, showing- Diminution in Size ;

and Depressions resulting from the Contraction of the
Fibrous Tissue formed in the course of Chronic Inflam-
mation.
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diseased part. Experiments have undoubtedly shown that where the

skin is severely irritated, the vascularity of certain parts beneath,

which are in some sort of special nervous relation to the irritated

part of the skin, is diminished. Thus it has been found that, where
the skin over one side of the chest has been severely blistered,

on making a transverse section of the thoracic cavity the lung on
that side is distinctty anaemic as compared with the lung on the

opposite side.

Whatever the explanation of the action of the counter-irritant

may be, it nevertheless remains as a clinical fact that this kind of

treatment is of great value in many cases of chronic inflammation.

The counter-irritants usually employed produce various degi-ees of

action on the skin. The mildest counter-irritant is a poultice, but
in the treatment of chronic inflammation, the counter-irritation

produced by a poultice, whether of linseed or mustard, is seldom effi-

cacious. Nevertheless, in certain cases of chronic mastitis the con-

tinued application of poultices over the inflamed breast will some-

times apparently hasten the disappearance of the inflammation.

The forms of counter-irritants now most usually employed are in

order of efficiency—the actual cautery, blisters, and iodine. In former

times other methods were used, such as tartar-emetic ointment or

croton oil (applied to the skin), the employment of the seton or of

the moxa ; but nowadays these forms of counter-irritation are for

the most part discarded, and reliance is placed on the three to which
I have referred. Of these, the least efficacious is iodine, which,

indeed, unless in superficial inflammations, does not as a rule seem to

exercise any action. It is a substance which is very commonly
employed in chronically enlarged glands in the neck ; but, beyond
diverting the attention of the patient and his friends, it does not

seem to possess any real salutary effect.

Much more effectual than iodine is the employment of blisters or

blistering fluid ; and undoubtedly a considerable number of cases of

chronic inflammation—especially those dependent on constitutional

conditions—are improved by the use of this remedy. In blistering

the skin for chronic inflammation, the blister should not be applied

directly over the inflamed area, unless, indeed, the inflammation be

deep-seated. It should be placed a little away from it, but over the

area of nerves which are in direct relation to those which run to

the inflamed part. That there is a distinct connection between the

distribution of nerves in certain parts of the skin and their distribu-

tion to deeper organs has been very well shown by Dr. Head in his

papers on this subject, more especially by the observations Avhich he has

made as to the relation of attacks of herpes zoster to disease of deeper-

seated organs. Where the chronically inflamed part is situated near

the skin, the application of a blister over it is very apt to increase

the congestion at the seat of the inflammation, and thus, if used

while the disease be advancing, the treatment may lead to its more
rapid progress. Where, however, the inflammation has passed off, or

has nearly done so, and Mdiere there is still a considerable amount of
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thickening, the application of the blister directly over the part may
be of greater value than if used at some little distance away, from

the very fact that it increases the activity of the vascular and
lymphatic circulation through the thickened tissues, and thus aids

the rapidity of absorption of the deposited materials. For example

:

in the treatment of callous ulcers a blister applied over the thickened

tissues around the ulcer is one of the most rapid methods by which
the disappearance of the exuded materials can be brought about.

Where a blister is applied to a part, it should as a rule be left on

for about ten hours • and if at the end of that time it does not seem
to have produced sufficient effect, its action may be increased by
placing a poultice over the part. This may also be effected by rubbing

a drop or two of croton oil over the surface of the blister before its

application ; or, again, where the effect is very slight, blistering fluid

may be painted over the region where the blister had been previously

applied. As a rule, however, where the blister is applied over the

skin of the limbs or of the trunk— that is to say, over parts wheie
the skin is thin—ten hours are sufficient to produce a satisfactory

result. It is mainly in cases where blisters are applied over thickened

skin—as over the knee, where there has been much kneeling, or about

the hands or feet—that there is trouble in obtaining the necessary

irritation. After the blister has risen, it is not, as a rule, necessary

to puncture it. A piece of thin muslin on which boracic ointment

has been spread may be applied over the blister, and outside that a

mass of salicylic wool. If, however, the tension of the blister be

causing much pain to the patient, there is no real harm done in

puncturing it before applying the ointment and wool as just

mentioned, unless in very weakly persons. In most cases where
blisters are employed in chronic inflammation, a single blister does

not suffice. The blisters must be repeated at least three or four times

before one can feel satisfied that no good is to be done by this method
of treatment ; and therefore the directions usually given are that as

soon as the first blister is healed— say, within a week—a second blister

should be applied, which, it may be remembered, will probably rise

more quickly and more effectually ; and after the second blister has

healed, a third may be used. In children, of course, where the skin

is very thin, the blister should not be kept on so long- otherwise,

it is apt to produce actual sloughing of the skin.

Still more effectual than blisters in cases where the chronic

inflammation is deeply-seated, more especially in deeply-seated in-

flammation of bone, is the use of the actual cautery. The value of

the actual cautery has been variously estimated by different surgeons,

some, indeed, stating that it is of no value whatever ; but certainly,

in my own experience, it has proved in many cases to be of the

greatest benefit, and probably the inefficient results obtained by

others may be in part due to imperfect application of the method.

In employing the actual cautery for chronic inflammations, two

methods are used—in the one the cautery iron is small and round

(this is termed a button cautery) and a number of small burns are
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made. In the other, which is much more effectual, the flat cautery,

which is large and flat, is used, and with it one, or at most two,

large sores are produced.

In applying the cautery, the skin should in the first instance be
shaved for a considerable distance around, otherwise the hairs are

very apt to prove a source of annoyance after the eschar has separated.

The cautery itself should be at a white heat, and in the case of the

flat cautery the iron is passed twice or three times over the region

to be treated. If the cautery be not at a white heat, one has no
guide as to the degree of burning that will be produced. We know
that with a white-hot cautery a sufficient effect will be produced by
passing it over the part two or three times ; but where it is only red-

hot, one is very apt to do either too much or too little. The same
rule applies to the button cautery, which, however, is not rubbed
over the part, but is simply pressed on it. After the application of the

cautery, poultices—which had better be aseptic poultices—are applied

for a few days till the slough separates, and the best effect is pro-

duced where only about half the thickness of the skin is destroyed.

Less good is done where the whole thickness of the skin sloughs.

On the other hand, where only half the thickness of the skin is

destroyed, the sore is, no doubt, a more painful one, because many
delicate nerve terminations are exposed ; but, as I have said, the

effect is also greater.

After the eschar has separated, the sore should be prevented

from healing for from four to six weeks, and this is usually done by
the employment of savin ointment. The ointment is spread thickly

on muslin, and changed once or twice a day. Many patients,

however, complain greatly of the pain of this application, and this is

more especially the case where only a superficial portion of the skin

has been destroyed ; and in these cases the ordinary savin ointment
should be diluted with two or three parts of vaseline. In some cases,

indeed, the pain is so severe that this ointment cannot be employed

at all ; and in these instances all that one can do in the way of pre-

venting healing is every day or two to touch the surface of the sore

with nitrate of silver wherever epithelial formation is evident ; and
where this is not sufficient, and healing occurs in spite of it, the sore

may be opened up by the use of potassa fusa. At the end of about

six weeks the sore is allowed to heal.

Another method which is of great value in the treatment of

chronic inflammations is the employment of free incisions into the

inflamed part. Where these inflammations are not dependent on
some specific disease, such as tubercle or syphilis, simple incision

into the inflamed part, or, if it be the wall of a sac secreting fluid,

drainage of the sac will usually suffice to arrest the inflammation.

This is more especially the case where the seat of the inflammation

is the periosteum or the bone. In cases of chronic periostitis and
osteitis, by far the most efficient treatment is to cut down very freely

on the seat of the disease, divide the thickened periosteum, and, in

fact, dissect away most of it, and then gouge a trough in the thickened
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bone. Of course, this operation must be done antiseptically, other-

wise very serious results may follow ; but in most of these cases

of chronic periostitis and osteitis, it is the most rapid and often the
only method of cure.

Among other methods of treating chronic inflammation, I may
mention pressure and massage; but these plans are more especially

applicable to cases where the actual inflammatory process has passed

off, and where we have chiefly to do with residual thickening of the

tissues. In employing pressure, care must be taken to regulate it

carefully, because if applied too strongly where the inflammation has

not perhaps completely subsided, it is very apt to set up the process

again. Pressure over an inflamed part may be produced in various

ways, the most effectual of which is to wrap the part first in large

masses of cotton-wool, or, better, silk-waste, which retains its elas-

ticity longer, and then apply the pressure either by means of an
elastic bandage or by means of a silicate dressing, which hardens and
keeps up constant pressure. By using a large mass of cotton-wool, a

considerable amount of pressure can be employed without any
material danger of irritation, because the cotton-wool distributes

the pressure equally over the whole of the affected area. Perhaps
the most favourite method of employing pressure in chronically

inflamed joints, is by the use of Scott's dressing, in which we have
not only the effect of pressure, but also the effect of counter-irrita-

tion. In applying Scott's dressing, chamois leather on which is

spread the compound ointment of mercury is cut into strips, and
these are put on like ordinary strapping, the strips overlapping each

other, and the pressure being as equably applied as possible. I have

not, however, myself seen any advantage in the use of Scott's dress-

ing over elastic pressure through a mass of cotton-wool.

Massage, with the view of getting rid of the products of inflam-

mation, is a very valuable method, but I do not think that it is judi-

cious to employ it in parts where the inflammation is actually going on.

The object of massage is to break up the exudation which has been

poured out and to force it into the lymphatic vessels ; and with this

view, four chief actions are employed, which, to use the French
names, are effleurage, friction, petrissage, and tapotement. By
effleurage is meant light rubbing of the part. Its object is simply to

increase the lymphatic circulation. This is the form of massage
which is employed in the first instance in cases of severe sprains, the

part being gently pressed or rubbed, the hand always passing in a

direction towards the trunk : that is to say, always forcing the effused

material into the lymphatics. This form comes into play in all the

others as the final action with the view of forcing the products which

are broken up by the other methods along the lymphatic vessels.

In friction massage, the material is broken up by rapidly rubbing

the part, more especially in a circular manner, with one hand, while

with the other hand the broken-up inflammatory materials are

steadily pressed upwards along the lymphatic vessels. By petrissage

in meant kneading of the thickened parts, and this is of especial
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value in cases where there are adhesions, especially among tendons
ind muscles. The muscle is grasped with the spread-out fingers,

squeezed, and kneaded, the action always commencing at the distal

part of the muscle and gradually passing towards the upper end, and
being carried out with both hands at the same time; subsequently

bo the kneading, effleurage is employed in order to drive the

broken-up material into the lymphatics. The fourth method is used

where the particles are still more difficult to break up, and in it the

chickened tissues are tapped with the fingers, in the first instance

lightly, and afterwards more forcibly, this attempt to break them up
being followed by kneading and effleurage.

As regards the constitutional treatment in cases of chronic in-

flammation, there is very little to be said, because the constitutional

treatment depends essentially on the disease which is the cause of

the chronic inflammation. In most cases the patient ought to be

supplied with suitable nourishing food, plenty of fresh air, and
exercise as far as is consistent with the requisite rest of the part.
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In the previous article the subject of acute inflammation up to

the point of granulation was considered. The present chapter is

connected with the study of what happens when the inflammation

continues after this stage : namely, with the consideration of

suppuration.

By acute suppuration we mean an inflammatory process which
goes on to the production of a fluid, which is termed pus. This
process of suppuration may occur either on a free surface or in the

depths of the tissues ; and it is with the latter that we shall deal in

the first instance. Where acute suppuration occurs in the substance

of the tissues, it may assume two aspects : in the one the pus is

found in a closed, fairly well-defined cavity, the circumscribed acute

abscess ; in the other the pus infiltrates the cellular tissues with-

out any proper circumscription—the condition known as diffuse

cellulitis.

I. CIRCUMSCRIBED ACUTE ABSCESS.

Pus.—A circumscribed abscess is a cavity containing a fluid which
is called pus, the surrounding wall being composed of embryonic
granulation tissue. Pus is an albuminous fluid, which is full of

innumerable small corpuscles resembling in size and character the

white corpuscles of the blood, these corpuscles being termed the

pus corpuscles. Under the microscope these pus corpuscles gene-

rally contain lobate or tripartite nuclei, and in addition to these

corpuscles some granular matter may be noticed in the fluid. To
the naked eye, normal pus presents the appearance of a creamy
or yellowish-white fluid with an animal smell, a specific gravity of

about 1030, and, some say, with a musty or sweet taste. Pus pre-

senting these characteristics was formerly spoken of as laudable pus

;

but we meet with several varieties of pus in varying circumstances.

For instance, where it is mixed with blood, and especially where it is

thin, due to the smaller number of corpuscles which it contains, it

is spoken of as sanious pus. Again, it may contain various other
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materials, giving it special characteristics. For example, the pus
that comes from the liver in cases of liver abscess is of a reddish-

yeliow instead of a yellowish-white colour, and not unfrequently

contains bacilli or amoebae, and the knowledge of this character ot

liver pus may be of considerable importance in cases of difficult

diagnosis. Then, again, pus which comes from bone generally contains

large quantities of fat globules, and in other cases of bone abscess

the fluid evacuated at first may be comparatively clear, and then

towards the end a quantity of turbid fluid is pressed out. In the

latter case the pus is strongly acid, from the presence of lactic acid,

and it is the action of this acid on the pus corpuscles which pro-

duces the effect described. Again, the pus on the surface of a wound
may be of a bright blue colour, the so-called blue pus, due to the

growth in it of a particular mici-o-organism called the bacillus

pyocyaneus (page 3). Or in other cases the pus from an abscess,

even when freshly evacuated, may be found to have a xtryfoul smell:

as, for example, in abscesses in the neighbourhood of the intestinal

tract, abscesses in the brain in connection with ear disease, etc., or

abscesses connected with the gums or in the neighbourhood of the

mouth.

It is now generally accepted that these pus cells are in the main
leucocytes that have emigrated from the blood-vessels, and which have

lost their vitality more or less completely. It is, however, possible

that a small number of the pus corpuscles may be derived from the

tissue cells falling into the abscess cavity, as the result of the lique-

faction of the tissues by the peptonising action of the bacteria ; and
it is also possible that the leucocytes may multiply after their exit

from the blood-vessels. The liquor puris is essentially the fluid

which has passed out of the blood-vessels during the inflammatory

stage, and which has been prevented from coagulating by the

peptones resulting from the growth of the bacteria.

Formation of acute abscess.—The following is the method
in which an acute abscess is formed. The stage of granulation,

which has been previously described (page 60), having been reached,

the inflammation continues, and the next thing which happens

is that towards the centre of this mass of granulation tissue,

liquefaction takes place, and a cavity is formed containing a fluid

with corpuscles : that is to say, pus. Around this cavity active

inflammatory processes go on, a wall of granulation tissue is present,

and active emigration of corpuscles takes place from the vessels.

The abscess so formed enlarges by the extension of the inflammatory

process in the tissues around, and by the liquefaction and disappear-

ance of the layer of granulation tissue which lies next the interior

of the abscess. When an acute abscess has formed, there is little

probability of a cessation of the process. In practically all cases

inflammation extends at the periphery, while the liquefaction goes

on in the interior, and thus the abscess gradually increases in

size. The inflammation at the periphery naturally extends most
readily, and leads to the stage of complete granulation most quickly
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in those parts where the tissues are the most vascular and of the

greatest vitality. Thus, if the abscess have formed beneath the

skin, granulation of the skin will occur more rapidly than granula-

tion of the fat beneath, and hence it is that abscesses in these situa-

tions have a constant tendency to destroy the skin and to point and
burst through it. On the other hand, where an abscess is deeply

seated beneath a dense fascia, granulation occurs much more rapidly

in the cellular tissue beneath the fascia than in the fascia itself, and
consequently the abscess may extend for a very considerable distance

—may burrow, as it is termed—before an opening has formed in the

fascia over it, either as the result of a sloughing process or as the

result of granulation. Hence, where an abscess is somewhat deeply

seated, and more especially where it is situated in an organ such as

the breast, wher^ there are numerous septa of fibrous tissue, we have
an irregular cavity formed with recesses and pockets extending in

various directions. This is a most important point to bear in mind
with regard to the treatment.

Etiology of acute abscess.—We may divide the causes of

acute suppuration into those which ai'e essential and those which are

accessory. There is only one cause which is essential, and without
which acute suppuration will not occur, namely, the presence of

pyogenic organisms ; but there are many- causes which are accessory,

and without the co-existence of some of which the pyogenic organisms
may in certain circumstances be powerless to act. Therefore, on
the one hand, suppuration will not occur unless these pyogenic organ-

isms are present, while, on the other hand, even although they are

there, it does not necessarily follow that suppuration must ensue.

We have a considerable number of micro-organisms which ai*e

found in acute abscesses, and which are apparently the cause of the

suppuration ; but by far the most common of these are the Staphy-

lococcus pyogenes aureus, Staphylococcus pyogenes albus, and Strep-

tococcus pyogenes (page 25). Other forms are described which are

much rarer and which appear also to be less virulent, such as

the Staphylococcus pyogenes citreus, Staphylococcus albus and
flavus, one or two forms of bacilli, etc. (page 26). As regards

frequency with which these different forms occur, the most common
is the Staphylococcus pyogenes aureus, next the Staphylococcus pyo-

genes albus, much more rarely the Streptococcus pyogenes, and then,

quite as exceptions, the other organisms to which I have referred.

The staphylococci occur in about 77 per cent, of acute abscesses, the

streptococci in about 16 per cent., and the other organisms in the

remainder. Thus the staphylococci are the chief causal agents of

circumscribed acute abscesses ; on the other hand, it may be men-
tioned that the Streptococcus pyogenes is the essential cause of

diffuse suppuration of the cellular tissue. The two chief forms of

pyogenic staphylococci grow readily outside the body on all sorts of

culture media. When inoculated into the ordinary nutrient jelly,

both forms grow readily at the ordinary temperature of the air, and
both of them tend after a time to render the material fluid, the
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growth in the case of Staphylococcus aureus becoming of an orange-

yellow colour, while that in the case of Staphylococcus alhus

remains milk-white. The Streptococcus pyogenes grows much
more slowly on nutrient jelly, and forms small, round, white balls

which do not liquefy the gelatine (page 27). A very important

point with regard to all these organisms is that they peptonise

albumen, the staphylococci more especially doing so with great

readiness. The importance of this fact is great, as explaining the

liquefaction of the tissues during the process of suppuration, and the

peptones produced during this process prevent the coagulation of

the fluids which are effused from the blood-vessels. As to the other

products of growth of these organisms, but little is definitely known.
Among numerous other things they are said to produce ammonia,
trimethylamine, and toxic albumoses (page 19). It is, no doubt, by
virtue of these products that they give rise to inflammatory distur-

bances ; and we can readily understand that if there be a constant

production of some irritating chemical substance, such as ammonia,
in the tissues, acute inflammation will be kept up ; while the toxic

albumoses, like those produced by many other organisms, when
absorbed into the circulation will set up fever and the other consti-

tutional signs of acute suppuration. When injected into animals

under suitable circumstances these organisms cause inflammation

and suppuration, and in large quantities may lead to death.

The sequence of events after the entrance of these organisms into

the tissues is well seen—though in an exaggerated form—in cases

where the smaller blood-vessels are plugged with emboli containing

pyogenic cocci, as is the case in pyaemia. (See page 177.) On staining

sections of tissues containing such emboli in an early stage, we find

that while the central mass of organisms is deeply stained, and while

the nuclei in the greater part of the section have become well

coloured, there is a ring of tissue around the central mass of organisms

which does not take on the stain, and which presents a homogeneous,
translucent appearance. This translucent ring is evidently the

result of the action of the concentrated products of the micrococci,

the tissue being brought into the condition of what is termed
coagulation necrosis. At a somewhat later period a second ring,

which is composed of a dense layer of leucocytes, appears outside

this clear area, and for a time these three circles can be clearly made
out—a central one, composed of a mass of organisms ; a middle clear

circle, where the nuclei are unstained, and into which leucocytes have

not yet penetrated; and an outer dense wall of leucocytes (Fig. 15).

As time goes on, however, the intermediate translucent area becomes
infiltrated on the one hand with cocci from the breaking up of the

central plug, and on the other hand with cells from the outer ring,

and the original tissue in that part rapidly disappears, probably, to a

great extent, due to the peptonising action of the cocci ; and thus

the final result is a central collection of fluid containing leucocytes

and micrococci, surrounded by a wall of leucocytes and cocci—in

other words, an abscess.
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In the ordinary circumstances of the formation of an acute
abscess, the cocci are not, of course, present in such numbers, nor are
they massed together, as in pysemic emboli, and thus the appearances
at the early stage just described would not be so typical, although
without doubt the changes which are going on are essentially

those which I have detailed. While these micro-organisms are
necessary for the production of acute suppuration, and while without
their presence acute suppuration could not occur, it does not
follow that whenever they are present acute suppuration must take
place. On the contrary, in ordinary circumstances, it is pro-

bably the rule that

other conditions

must come into play

to assist the action

of these micro-

organisms ; but how
far these accessory

conditions are es-

sential depends on
various points in

connection more
especially with the

kind, the numbers,
and the virulence of

the organisms them-
selves. As I have
pointed out, the

effects of the organ-

isms on the tissues

vary with the kind
which is introduced;

for example, the

staphylococci tend

to form circum-

Fig. 15.—Section of Kidney, showing Changes following an
Embolus composed of Pyogenic Cocci,

o, Central plug o£ cocci ; 6, clear space around ; c, commencing in-

filtration with leucocytes ; d, kidney tubules.

scribed abscesses,

while the streptococci are especially concerned in the production of

diffuse spreading suppuration. And among the staphylococci the

different species differ in the severity with which they act, and further,

while in the case of the staphylococci—more especially of the rarer

forms—the presence of various accessory conditions is almost essential

to their action, the streptococci, on the other hand, are apparently

more or less independent of such secondary circumstances. That
the virulence of the individual varieties differs at different times

is evident, both from clinical observation and from experiment.

And the less virulent the organism is, the more does it become
necessary for other factors to come into play in order that sup-

puration may arise; and vice versd, the more virulent the organism,

the less necessary are these secondary causes. Then, again, much
depends on the number of the micro-organisms which have entered
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the part in the first instance. If they enter in very large numbers,
they will overcome the resistance of the body and produce very grave

disease ; while if few in number, they may be destroyed before they

have had time to act. In rabbits, which are not readily susceptible

to the action of the Staphylococcus pyogenes aureus—probably not

nearly so susceptible as man—I found that something like a hundred
million cocci must be injected at one part in order to produce an
abscess, wnile a thousand million are required to kill the animal.

In man, no doubt, the numbers are very much smaller, but neverthe-

less, the principle remains the same.

Among the factors on the part of the body which are more or

less necessary in order to enable the organisms to act, a very essential

condition is that it may be possible for them to remain at rest for some
time in the part. If they be only present in the circulating blood, and
are constantly carried on in it, they may die out without causing any
disease ; and as regards the staphylococci, at any rate, it is probable

that when they are present in the blood, they are only able to exert

their pathogenic action when deposited in some part which has been

previously weakened and thus rendered fit for their reception.

Hence the great importance of embolism in the formation of

abscesses, and hence also one of the chief ways in which local injury

may lead to the formation of an acute abscess. In the latter case,

where an acute abscess follows a local injury, these pyogenic cocci

have been present in the blood at the time of the injury, or have
entered it very shortly afterwards and have passed out of the

ruptured vessels, and thus found a place where they could develop.

Another very important condition on the part of the tissues is

that they shall be in a weak state, and this weakened condition of

the part may be brought about in various ways. For example :

inflammation which has been set up from some other cause, such as

an injury, the entrance of a foreign body, etc., will so weaken the

part that if cocci reach it from the blood or lymphatic vessels, or

otherwise, they may be able to grow and set up the typical changes.

A similar weakening of the part may be brought about by cold or

injury, or the action of irritating chemical substances which may.be
adventitious in origin, or the products of bacteria themselves. A
good deal also depends on the seat of the disease and the anatomical

arrangement of the part. Thus, in the neighbourhood of the

epiphyses, the circulation is apparently slower than elsewhere, and
particles floating in the blood—for example, particles of pigment or

bacteria—have a better opportunity of becoming deposited in that

part. Hence one explanation of the frequency with which inflam-

mation in the substance of bones begins in the neighbourhood of the

epiphyses. Again, in the case of the peritoneum we have a very

striking example of the influence which the anatomical arrangement

of the part exerts on the question of suppuration. Contrary to what
was formerly believed, the peritoneal cavity is a place where sup-

puration in many cases is less likely to occur after the entrance of

micro-organisms than the cellular or muscular tissues, and many
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points with regard to the anatomical and physiological characters of

the peritoneum come into play in explaining this fact ; to mention one,

the peritoneum is a membrane which absorbs fluids with the very
greatest rapidity, and in this way deprives bacteria of the necessary

pabulum, and brings them into immediate contact with active cells,

either epithelial or plasma cells.

As to the mode in which these micro-organisms reach the part

and set up the abscesses, they must come either from the blood

—

in which case they have entered from some mucous or cutaneous

surface which is in an unhealthy condition—or they may come from
the lymphatic vessels, having reached them through some lesion of

the surface epithelium ; or they may have penetrated directly from
the skin through ducts, as not uncommonly happens in cases of

mammary abscess, where the oi^ganisms spread up the milk ducts,

reach the acini, and then pass into the tissues and set up acute in-

flammation. These pyogenic organisms are constantly present on
the surfaces of the body, both on the skin, especially in regions

where moisture is present and the sebaceous glands are large, and on
mucous membranes ; and thus, when a lesion occurs in these parts,

or when they are weakened from some cause, the organisms can get

into the blood or the lymphatic vessels (page 11).

Symptoms Of acute abscess.—As regards the local symptoms
of acute suppuration, we meet with the four cardinal signs of in-

flammation which have been previously considered (page 63), namely,

redness, heat, swelling, and pain ; and, indeed, the description there

given refers more especially to inflammation which is going on to

suppuration, and need not, therefore, be repeated here. It will be

noted that the centre of the inflammatory swelling is described as

hard and brawny, while the surrounding parts are soft and cedema-

tous (page 64). As time goes on and suppuration occurs, the centre

of the brawny swelling begins to soften, till by-and-by the presence

of fluid can be distinctly made out.

The presence of fluid in an inflammatory or other swelling may
be determined in various ways. In the first instance, it may be

ascertained by the sense of fluctuation : that is to say, by the sensa-

tion felt by the fingers when a wave of fluid is set in motion by the

hand at some other part of the swelling. Unless the abscess is very

near the surface of the skin, it is not always easy at the early stage

of an abscess to make out this sensation of fluctuation, on account of

the great pain which the firm pressure required in these circum-

stances will cause to the patient. Hence it is not uncommon for

fluctuation to be missed although pus is actually present; on the

other hand, it is not unusual for the opposite mistake to be made,

and the presence of fluctuation asserted when an abscess is not

present. In order to ascertain the presence of fluctuation, a finger

or fingers of one hand are placed on one side of the suspected part,

and are kept at rest and exercising a certain amount of pressure,

while with the other hand pressure is made on the swelling as far

distant as possible from that which is placed to receive the sensation.
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If fluid be present and no other fallacy have crept in, the fingers of the

hand which is kept at rest will feel the impulse of the wave of fluid

that has been set in motion by the other hand. Now, in cases

where the area to be examined is quite small, the two fingers may be
of necessity so close together that the soft tissues are pushed by the

one and felt by the other, and thus fluctuation is erroneously diag-

nosed. Perhaps the most common mistake is caused by the false

fluctuation induced when palpation is made transversely to muscular

fibres. In such circumstances, a very distinct feeling of fluctu-

ation may be produced across the belly of a muscle even although

the hands are kept at a considerable distance from each other ; and,

therefore, where a mass of muscles is present in the region to be

examined, great care must be taken to test for the presence of fluid

by the fingers placed in the direction of, and not transversely to, the

muscular fibres. Where the collection of fluid is small, fluctuation

may also be ascertained by placing the finger of one hand over the

centre of the swelling, in order to feel the sensation, and, grasping

the swelling between the fingers of the other hand, which are then

sharply approximated to each other ; if fluid be present, the finger of

the first hand will be lifted by the wave so set in motion. Or,

again, if a finger be rapidly pressed into the part and then held at

rest, it sets in motion waves of fluid which are readily felt ; this

method of investigation, however, is not suitable to acute abscesses

where the fluid is in a state of tension, it can only be used in cases

where the fluid is contained in a lax cavity, and also where there is

but little pain on sharp pressure. As a matter of fact, where the

centre of a brawny swelling is becoming softened—that is to say,

where pus has formed and is approaching the skin—the presence of

an abscess is readily ascertained by passing the fingers gently over

the part ; where pus is present and superficial, a softened circle will

be felt in the middle of the brawny swelling, and an abrupt, sharp,

hard edge around, and where this is found it is quite unnecessary to

cause pain to the patient by testing for fluctuation, because it is in

itself an absolute sign of the presence of pus.

Where the inflammation is deeply-seated, and the skin is not

affected, the presence of cbdema of the skin over the region of the

inflammation is almost always indicative of the occurrence of sup-

puration. For example : in an abscess connected with the appendix
vermiformis the skin of the abdomen over the seat of the inflamma-

tion not uncommonly becomes cedematous ; and when this is the case,

one may feel certain, without further examination, that pus is present

beneath. Besides, as has been already said, where an acute inflam-

mation has lasted for four or five days, it is almost certain that pus

is present, whether fluctuation can be felt or not.

In cases where it is held to be absolutely essential to know
whether pus is present before making an incision, punctures may be

made by means of an aspirating needle.

The skin over the softening portion of the swelling is of a dusky

purple colour, and becomes gradually thinner till the yellow pus can
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be seen through it ; and by-and-by it gives way, and the pus escapes

externally. Accompanying these local signs, there are the various
ccmstifnt.ional si/mptoms which have been already referred to under
acute inflammation.

Diagnosis Of acute abscess.—The diagnosis of acute abscess

is seldom difficult once pus has definitely formed. The first difficulty

is to be sure that pus has actually formed in the case of deep-seated

inflammations ; but the length of time which the inflammation has

lasted, the continuance of the pain and swelling, the presence of

oedema of the skin, and the other signs already mentioned, will

enable one, at any rate, to form a strong suspicion on the matter. In
some cases it is very difficult to distinguish an acute abscess fi-om a

very rapidly growing sarcomatous tumour. I have myself seen such

a sarcoma of the upper jaw incised under the impression that it was
an acute abscess, and in that case there were present all the local

signs of an acute inflammation in the form of rapid formation of the

swelling, redness of the skin, indefinite sensation of fluctuation, and
great pain. It is said also that aneurysm has been mistaken for an
acute abscess. This, however, is hardly likely to occur, unless sup-

puration has actually taken place in or around the aneurysmal sac,

in which case, of course, the surgeon has really to do with an
acute abscess. Where there is any doubt of this kind it may be
well to introduce an aspirator needle in the first instance, to

ascertain the nature of the fluid present. As a matter of fact, apart

from the suppuration of an aneurysmal sac, the only other condition

in which a mistake might be committed is where the connection

between the sac and the vessel has been more or less completely cut

off, so that pulsation has become abolished, and where the contents

of the sac still remain fluid. Such a case has been opened under the

impression that it was a chronic abscess, and the fluid which came
out in the first instance was clear serum, very quickly followed,

however, by red blood.

Treatment of acute abscess.—In the early stage, before sup-

puration has definitely formed, the treatment is that which has been
already described under acute inflammation (page 66) ; but when
once it is certain or probable that pus is present, means must be

taken to open the abscess without further delay, and to provide a

free exit for the pus. There is no object whatever in permitting an
acute abscess to go on till it reaches the skin. To do so is simply

to allow the formation of a much larger cavity, and the consequent

destruction of or interference with the tissues in the neighbourhood :

and if it should happen that pus is not found on making the incision

after all, the best thing has been done with the view of cutting the

inflammation short.

When it is decided to open an abscess, the external opening should

be free, and should in all cases—unless about the face or neck,

where it is undesirable to have a larger scar than necessary—be

large enough to enable the surgeon to introduce his finger into the

cavity. As regards the position of the opening in cases of acute
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abscess, the general rule is that it should be at the most dependent

part of the cavity, so as to allow the discharge to escape freely. This

rule is, no doubt, wise in cases where the pus has been burrowing
underneath the skin; but it is not essential in deeper-seated abscesses,

and if followed may at times lead to inconvenience. An essential

rule as regards the position of the opening in acute abscesses is that

it should be as far as possible from the orifice of any mucous canal,

and therefore from sources of contamination. If only the abscess be

freely and thoroughly opened, and efficient drainage established, the

pus does not go on burrowing, even although the opening is not at

the most dependent part of the cavity.

It is a matter of great importance in treating acute abscesses

to see that all the recesses of the abscess are freely opened. As
I have already said (page 81), in the case of deep-seated abscesses,

or abscesses among muscles or bands of fibrous tissue—as in the

breast, etc.—the pus is apt to spread in irregular directions, form-

ing small recesses, which are not properly evacuated if only an
external incision be made. Hence it is necessary, when such

abscesses are opened, to break down the septa which separate the

various projections of the abscess, and this is much better done

by means of the finger than by any instrument. Where the abscess

is quite superficial this is not, as a rule, necessary, and an opening

sufficiently large to admit a proper-sized drainage-tube will answei

the purpose ; but in the case of all abscesses which have passed

through fascia it is very essential to open up the deeper recesses.

In the neck, where it is desirable to avoid a scar, a pair of dressing

forceps may be introduced through the wound which has been made,
and by separating the blades the hole in the fascia through which
the pus has reached the surface may be enlarged ; and then, by push-

ing on the forceps into the various recesses of the abscess, and
opening them from time to time, the cavity may in most cases be

satisfactorily drained.

In some instances, where the suppuration has occurred in the

neighbourhood of important structures, where the pus is deep-seated,

and where it might be dangerous to cut freely till one reaches the

collection, the plan known as Hilton's method is usually employed.

This consists in making a small incision through the skin, and then,

by means of dressing or sinus forceps, gradually boring one's way
into the abscess cavity. That the abscess cavity has been reached

is evident from the sudden cessation of resistance to the passage

of the forceps, and in most cases by the escape of pus along the side.

Having in this way reached the abscess cavity, the blades of the

forceps are thoroughly expanded so as to tear up the intervening

tissues, and are then pushed on into the various recesses of the

abscess and expanded from time to time with the view of opening
the cavity completely.

Whichever method is employed, a drainage-tube of sufficient size

should then be introduced. In selecting a drainage-tube it must be

remembered that pus is a thickish fluid and does not readily flow away,
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and therefore a tube of sufficient size should be employed. In fact,

one cannot make a mistake in selecting too large a tube. The tube
must be of proper length, and not project beyond the surface of the

skin, and the portion of the tube which enters the cavity should be
perforated laterally with holes, so as to allow the pus to enter it

freely. The tube is best introduced by means of a pair of Lister's

sinus forceps. The forceps are, in the first instance, passed into the
cavity in order to ascertain its depth, a tube is then cut somewhat
shorter than the depth to which the forceps go. It is then intro-

duced into the cavity, and the projecting portion cut so as to be flush

with the skin. It is either finally secured in its place by a stitch

through the skin and the wall of the tube, or else two strings are

passed through the wall of the tube and knotted, and it is kept from
slipping in by the pressure of the dressing over it. Where Hilton's

method has been employed, it is well before withdrawing the forceps

which have dilated the canal to introduce a probe beside them into

the cavity of the abscess, otherwise one may miss the track which
has been made by the forceps, and when one comes to introduce the

tube there may be considerable difficulty in doing so. If, on the

contrary, a probe be left in situ, the tube may be readily slipped over

the probe until it reaches the abscess cavity.

When the tube has been inserted, the swelling may be squeezed

so as to expel the greater part of the pus ; but I do not think it is

good practice to wash out these abscesses, either with an anti-

septic or an aseptic fluid. The whole operation must, of course,

be done antiseptically, after the manner which will be described

in another article (page 213); and as regards the progress of

the case, the dressing should usually be changed on the following

day, and then subsequently according to the amount of discharge.

After the abscess is opened, the swelling very rapidly subsides,

so that even on the next day, if the tube have been introduced

quite to the bottom of the cavity, it will be found to project from
the wound, and the projecting portion must be cut off. It is well

not to remove the tube at all for at least three or four days, and
this is more especially the case if the abscess have been opened by
Hilton's method. If the tube be taken out too early, considerable

difficulty may be found in re-introducing it. As a rule, in an abscess

of moderate size the tube may be left out altogether at the end of

about a week, and the sinus thus left will generally heal in a further

eight or ten days. After the first pus has been evacuated (provided

the operation has been done thoroughly aseptically), no further pus
is formed, the discharge from the wound consists of thin, fairly

clear serum, and as regards the local and general symptoms, imme-
diate relief is experienced, the redness passes off, the skin loses its

tense shiny appearance and becomes wrinkled, the fever subsides,

and the patient rapidly recovers.

So far I have described the treatment of an acute abscess as it

occurs, say, in the cellular tissue. The treatment must of course vary

in many cases with the region which is the seat of the suppuration.
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In a case, for example, of acute abscess connected with inflammation

of the periosteum and bone, the treatment may consist of opening

the abscess, and, in addition, of the removal of portions of the inflamed

bone. Similarly, in abscesses in serous cavities, such as the pleura,

means may be taken to favour the expansion of the lung ; but these

different points in connection with the treatment of acute abscesses

will be referred to in articles dealing with the diseases of the various

tissues and organs, and need not therefore be touched on here.

Acute suppuration from open wounds.—In acute suppu-

ration from open wounds the course of events is very much the

same as regards

the pathologi-

cal changes,

but, the pus

being able to

escape freely,

the local and
constitutional

symptoms
which are pre-

sent in an un-

opened abscess

are naturally

less marked. In
fact, after the

wound has be-

come com-
pletely covered

with granula-

tions, and free

suppuration is

established, the

local and gene-

ral symptoms of inflammation subside and almost entirely disappear,

unless, indeed, some septic complication has come into play. The
question of suppurating wounds will be referred to again in speaking

of the healing and treatment of wounds (Art. X. page 209).

Acute suppuration from a mucous surface.—Where sup-

puration occurs from a mucous surface, such as the urethra, the

inflammatory changes take place in the first instance in the sub-

mucous tissue, which becomes loaded with leucocytes and young cells
;

these pus cells pass out between the epithelial cells, and escape on the

free surface, along with fluid derived partly from the blood-vessels,

and partly from hypersecretion of the mucous glands, whilst the

epithelium itself is partly shed and partly undergoes multiplication, so

that epithelial cells are found, which contain in their interior several

smaller protoplasmic masses (Fig. 16). It is true that some authors

state that these contained cells are not formed by multiplication of

the original epithelial cells, but that they are in reality leucocytes

•;.>;;:i'-

Fig. 16.—Section of the Urethra, from a case of Gonorrhoea of ten
days' standing-, showing the submucous cellular infiltration and
the shedding of the epithelial cells, some of the projections being
completely denuded.
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which have penetrated into the cells, and they deny the occurrence

of proliferation in the epithelium. This view, however, I do not
think is correct, more especially when we bear in mind the facts

with regard to proliferation of tissue cells in inflamniatoiy conditions,

such as the proliferation of the endothelium of the peritoneal cavity.

After a time, if the inflammation go on, the mucous membrane
becomes, in parts, more or less completely deprived of its epithelial

covering, and ulceration takes place, so that when recovery occurs a

scar is left on the surface of the mucous membrane. Where this

inflammatory condition surrounds the canal and lasts for a long time,

the new-formed connective tissue is very apt to constrict the calibre

of the canal and produce a stricture.

II. DIFFUSE CELLULITIS.

At the beginning of this article I mentioned that there were two
forms of suppuration in the tissues : namely, the circumscribed acute

abscess and diffuse cellulitis, and we must now shortly consider the

latter condition. (See also page 167.) This condition is usually, and
probably always, due to the Streptococcus pyogenes (page 27). The
inflammatory process is not limited to one part, but spreads rapidly

along the cellular tissue, the organisms apparently growing along the

lymph spaces and lymph channels. The result is that the tissues

become swollen from the presence of the exuded fluid and of

numerous cells, but there is not in the early stage any regular

formation of a cavity containing pus. If an incision be made into a

part affected with diffuse cellulitis, turbid semi-purulent fluid, or

even well-formed pus, can be pressed out from the interstices of the

tissue, while it is also found that portions of the fat, and fascia, and
other structures in the affected area have died and form sloughs.

Thus, the characteristic change in diffuse cellulitis is the infiltration

of the tissues with pus and the sloughing of shreds of the tissues

affected. This condition is a very grave one, because the patient is

apt to die of septic poisoning from absorption of chemical products

from the seat of disease, or the organisms themselves are very apt to

get into the circulation either directly, or after having led to

phlebitis and thrombosis, and thus set up the condition of pyseroia.

(See also Art. VIII.)

Symptoms Of diffuse Cellulitis.—As regards local appearances,

the disease generally starts from a scratch or a puncture, and
begins with uneasiness in the affected part. Around the seat of the

puncture redness of the skin appears, and spreads pretty rapidly,

and as a rule red lines are very soon found running along the

course of the lymphatic vessels to the nearest lymphatic glands.

Locally, the skin becomes much swollen and brawny, and tender,

but as time goes on and as suppuration appears the part becomes
boggy, pitting on pressure and giving an imperfect sensation of

fluctuation. In the course of the inflammation definite localised

collections of pus may be found at a later period, but at the early
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stage this is seldom the case, the tissues being, as I have just said,

infiltrated with the pus over an extensive area. Fresh patches of

cellulitis also not uncommonly appear along the course of the

lymphatic vessels, probably because the organisms have blocked

the lymphatic vessel in some part of its course, and spread into the

tissues around, and set up the disease afresh. If the case be left to

itself and the patient lives, openings by-and-by form in various

parts over the inflamed area, from which pus and shreds of tissue,

portions of muscles, tendons, etc., ultimately escape.

At the same time, the patient suffers from very severe constitu-

tional symptoms. At the early stage the disease generally begins

with a rigor and high temperature, and the temperature in this

stage often runs up very rapidly to 104° or 105° Fahr. Very soon,

as the disease advances, the patient passes into the asthenic or

typhoid condition previously described ; his pulse becomes very

rapid and weak, and often irregular, his temperature remains high

and oscillating, his tongue becomes brown and dry, his face flushed,

and he has delirium of a low muttering character (page 65). In
most cases, if the disease cannot be checked, the condition ends

in death in a very short time, or is very apt to lead to pyaemia

(Art. VIII.). The symptoms are gravest where the organisms have,

in the first instance, gained admission to serous spaces, such as

tendon sheaths, bursse, etc., and in most cases this does actually

occur, because as a rule this affection commences with scratches or

cuts about the arm or fingers.

Apart from the immediate gravity of the condition, even if the

patient recover, this affection generally leaves very serious results

behind, more especially in the case of the arm: results such as the

matting together of muscles, the loss of tendons, adhesions between
tendons and their sheaths, etc., which lead to loss of movement of

the fingers and hand.

Treatment Of diffuse Cellulitis.—The treatment of diffuse

cellulitis must be from the very first of the most vigoi'ous nature

;

and as regards the constitutional treatment, it consists in sup-

porting the strength of the patient, free administration of stimu-

lants, the use of quinine in large doses, and also of antipyretics

with a view of keeping the temperature down, etc. Locally, the

proper treatment at the very earliest period is to make free in-

cisions into the inflamed area, with the view of promoting the

escape of the fluids and sloughs, so that there shall be less absorption

of the poison. These incisions must be extremely free, and, in fact,

the whole brawny tissue should be thoroughly laid open from end to

end, and any recesses from which pus can be squeezed should be

opened up. The incisions in these cases cannot be too free, for if any
recesses escape inspection and free opening, €he disease is certain to

spread from them. After having thoroughly laid open the whole
area of the disease, it is well, I think, in the first instance, to remove
the pus and blood as completely as possible, and then to sponge the

whole surface with undiluted carbolic acid. I have in several
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instances brought the process to a standstill—even in very grave

conditions of the patient—by free treatment of this kind. Where
the condition is a very serious one, and where there is con-

siderable destruction of the tissue, I think it is well, after having
sponged the exposed parts with undiluted carbolic acid, to pack them
with lint which has been squeezed out of the pure acid. Where one
does not wish to increase the destruction of the tissue which naturally

follows this method, or where the result of the packing is the cessa-

tion of the process, the best subsequent treatment is, I think, to stuff

the wound and all its recesses with cyanide gauze sprinkled with
iodoform. After a few days the whole surface will be covered with

granulations, and then the ordinary applications suitable for healing

granulating wounds, and which will be referred to in discussing the

treatment of wounds, should be substituted (Art. X.). In some
cases great benefit is derived from continuous irrigation after free

incision or from the use of a continuous water bath, the fluid in both

instances containing some antiseptic (such as permanganate of potash,

or sanitas), which does not coagulate albumen.

When the inflammatory symptoms have come to an end, one

must bear in mind the great risk in the hand of adhesions between
the muscles or tendons, and the consequent chance of permanent
disablement of the hand ; and therefore, as soon as possible, passive

and active motion of the fingers and hand should be freely carried

out. It generally suffices if the passive motions be carried out once

or twice a day in the first instance, the patient being encouraged to

move the fingers at any time. As soon as the wound has healed,

the part should be thoroughly massaged, and the muscles kneaded,

with the view of breaking up and getting rid of the inflammatory
effusion.

SUBACUTE ABSCESS.

Apart from acute abscesses, we also speak of subacute and
chronic abscesses. By subacute abscesses we mean those which are

slower in their course than those which I have already described, and
in which the local and constitutional symptoms are correspondingly

milder. As a rule, the course of a subacute abscess will be from
two to three weeks, instead of less than half that time, as is the

case in acute abscess. These subacute abscesses are for the most
part due also to the pyogenic organisms, but usually to the rarer

forms, which are less virulent. The treatment of these abscesses

is essentially the same as that of the more typical acute abscesses.

The so-called chronic abscess, however, differs absolutely from the

acute abscess and subacute abscess both in its pathology and in its

treatment, and with very few exceptions, if any, it is a tubercular

affection.

CHRONIC ABSCESS.

By a chronic abscess we mean an abscess which increases in size

very slowly, and which produces little or no local or constitutional
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disturbance till it is opened. These abscesses may originate in

the soft parts ; but perhaps most of them originate as the result

of tuberculous disease in glands, joints, or bones (Fig. 17). The
chronic abscess is, in fact, a tuberculous tumour with a softened

centre, and when it begins—for example, in the subcutaneous tissues

—it appears in the first instance as a hard nodule, which consists of

tubercles with some inflammatory thickening around. As this

nodule enlarges, the older tubercles in

the centre undergo caseation and break

down, and lead to the formation of a

fluid (the so-called pus), which is sur-

rounded by a wall containing numerous
tubercles (Fig. 18). The abscess so

formed will, in most cases, gradually

extend, sometimes, however, taking

several months before reaching any
large size. The tuberculous new growth
steadily invading the surrounding tis-

sues and breaking down at the centre,

the abscess by-and-by reaches the skin,

which becomes thin, and ultimately

gives way, and the contents are

evacuated.

Symptoms of chronic abscess.
—So long as the abscess is unopened
it seldom gives rise to any noticeable

constitutional symptoms beyond, pos-

sibly, slight elevation of temperature,

but after an opening forms, septic

organisms enter ; and where the cavity

is large, as in the case of psoas ab-

scess, it is not uncommon for more or

less violent suppuration, with all its

local and constitutional symptoms, to

ensue. In some cases, indeed, the im-
mediate effect of opening a psoas abscess without any precautions

against the admission of micro-organisms is violent febrile disturbance,

quickly followed by a condition of collapse, and the death of the

patient within two or three days. In this case the cause of the

trouble is septic intoxication, from rapid decomposition of the

contents of the abscess, as the result of the growth in them of

saprophytic organisms (page 40). Most usually, however, the effect

of sepsis in a large chronic abscess is, as I have just said, the occur-

rence of suppuration and acute local and general inflammatory dis-

turbance. This may be followed by acute septicsemia or pyaemia

(Art VIII.), but most commonly the acuteness of the symptoms
subsides, and a profusely suppurating sinus is left. This suppura-

tion from the sinus goes on indefinitely, and very often, if the

exit of pus be imperfect, fresh accumulations form, with recurrence

Fig. 17.—Lumbar Abscess rja,3oniie&

tion with Spinal Disease.
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of the acute attacks, or abscesses may arise on the opposite side

or in the loin.

As the result of this continued suppuration, the patient rapidly

loses ground, becomes emaciated, and suffers from hectic fever.

Hectic fever, in fact, is nothing more or less than chronic septicaemia,

and it only occurs in cases where sepsis is present. Its symptoms
consist in the first place in certain peculiarities of the temperature,

the evening temperature being two or three degrees higher than the

morning, which is very often normal ; at the same time the patient

wastes, his face is flushed—especially over the malar bones—there

are profuse night sweats, and the appetite becomes impaired.

After this condition of hectic fever or chronic septicaemia has

lasted for some time, a condition which is termed amyloid degenera-

tion occurs in various parts, more
especially in the liver, spleen, kid-

neys, and intestines. This amyloid
degeneration begins in the walls of

the smaller arteries, which lose their

definite cellular structure and be-

come converted into a peculiar

structureless substance which pre-

sents certain definite reactions to

staining reagents. Thus, with

iodine, the parts which are in a state

of degeneration become dark brown
as compared with the yellow stain-

ing of the rest of the tissues. Or
again, on staining with ordinary

commercial gentian violet, the parts

which are the seat of amyloid de-

generation come out a pink colour

as compared with the bluish violet

stain of the rest of the tissues.

Amyloid degeneration, though beginning in the walls of the

vessels, seems after a time to extend into and affect the tissues

around. The result of this condition is marked enlargement of the

organs which are the seat of the degeneration , the liver more
especially becoming very much increased in size and also in weight

;

the spleen becoming also enlarged, and on section presenting the

appearance of what is termed the "sago" spleen, small, hardish,

sago-like granules being scattered throughout the substance of

the organ. In the kidneys, the vessels first affected are chiefly

those in the glomeruli ; and in the intestine, the vessels in the

villi.

The cause of this degeneration has been variously explained, the

majority of pathologists up till recently attributing it to changes in

the constitution of the blood from the continued loss of pus, more
especially loss of the alkaline and potassium constituents of the

Fig. Section of ''small Chronic
Abscess, showing t^ . central Cavity
surrounded by a ry ragged and
caseating wall (a) tsidethatis the
inflamed part anc ular tissue (6).
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blood. My own opinion, however, is that it is a direct effect on the

vessels of the circulation through them of the products of the bacteria

which are keeping up the septic condition. This form of degeneration

practically only occurs where there are suppurating wounds, and it

is most usually found in cases of tubercle where the suppurating

wounds remain a long time open ; and further, the fact that the

disease in the first instance affects the wall of the small arteries

seems to bring the pathology into relation with changes in the con-

dition of the blood circulating through the arteries, just as we have
the condition of endarteritis set up in various other circumstances

where irritating materials, such as alcohol, acetone, etc., are circulat-

ing in the blood. The result of this condition of the arteries is,

more especially with regard to the kidneys and the intestines, that

they become leaky, resulting in increased secretion (which is albu-

minous) by the kidneys and in diarrhoea, which ultimately assumes the

form known as colliquative diarrhoea, and cannot then be arrested by
any known means, and which leads in the course of a few days to

the death of the patient.

Treatment Of Chronic abscess.—As the above mentioned

results only appear after a chronic abscess is opened, it is evident

from our present knowledge that they are directly due to septic

decomposition taking place in the wound ; hence, in tuberculous

abscesses we must be particularly careful to employ all the best

measures for preventing the entrance of bacteria— in other words,

the abscess must be treated rigidly aseptically. If this be done,

none of these troubles, namely, profuse suppuration, septic diseases,

hectic fever, amyloid degeneration, occur. Ample evidence of

this has been afforded by the results of rigid asepsis in the treat-

ment of spinal abscess, and I have elsewhere published statistics

showing that a large proportion—something over 70 per cent.—of

cases of spinal abscess treated by aseptic drainage l'ecover completely

without having passed through any stage of illness after the abscess

was opened. (For an account of Spinal Abscess, see Art. XXXIX.,
Diseases of the Spine, Vol. II.) With regard to the treatment of

these abscesses by drainage, it must be borne in mind that the wall

is the essential part of the disease, and while treatment adopted simply

with the view of evacuating the contents may, after a long time and
with proper care, lead to recovery, yet by this plan the destruction

of the disease is left to nature, and the result remains doubtful.

Besides which, an open wound must continue for some months, into

which, as the result of some error on the part of the surgeon, septic

bacteria may one day enter and set up all the troubles which have

been already alluded to. Hence, with few exceptions, simple

drainage (of course under antiseptic precautions) of these abscesses

is now abandoned in favour of more vigorous measures, in which
attempts are made to get rid of the wall more or less completely

;

and the treatment of chronic abscesses may now be considered

under the following three heads :

—

1. The ideal treatment of chronic abscess is to dissect out the
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abscess as one would dissect out a cyst without opening it. If this

can be done, a clean cut wound is left, which is not infected with

tubercle bacilli, or other bacteria, and we have healing by first

intention. This method of treating chronic abscesses may be carried

out in a very considerable number of cases ; for example, in the

subcutaneous abscesses of children (gomme scrqfuleuse of the French)

cure is at once effected by dissecting them out, while months may
elapse before healing is obtained by the other plans of treatment.

Hence, whenever the abscess is not too large (and after all, a long

skin incision is not a matter of the slightest consequence, except in

exposed parts of the body) and wherever the connections of the abscess

are not such as to render it anatomically impossible to remove it, this

is the treatment which should be adopted. This method need not
be confined to abscesses originating in the soft tissues, or in glands

—

where the abscess and the gland together are excised—but can also

be carried out in a considerable number of cases of abscesses

connected with bones, more especially abscesses associated with

superficial bones, such as the ribs or clavicle. In the case of

abscess connected with carious ribs, unless it be very large indeed, a

free incision should be made over the centre of the abscess, extending

well beyond it on each side, and in the direction of the muscular fibres

which overlie it. The wall of the abscess should be exposed and
freed, care being taken that the cuts are made in the healthy fat

around, and that portions of the wall of the abscess are not left

behind. The abscess wall having been thoroughly exposed—super-

ficial to the rib—but not yet opened, the point at which it joins

the periosteum should be defined, and the rib cut through on each

side behind that point. The enclosed portion of rib belonging

to the abscess is then removed, along with the abscess wall. It will

be found in most cases, however, that the pus has accumulated, not
only superficially to the rib, but also on its deeper surface between it

and the pleura, and this deeper portion of the abscess, which is

generally quite small, cannot usually be removed without running
the risk of opening the pleural cavity. Hence, with regard to this

part of the abscess, thorough scraping with a sharp spoon must be

employed. As a rule, the whole abscess can in this way be removed,
and the wound is then closed and heals by first intention. In cases

where the abscess is connected with disease in the long bones, more
especially with the enlarged epiphysial ends of the bones, the abscess

should be freed in a similar manner, and then, by means of a chisel

and mallet, the piece of bone should be chipped away underneath
the point of attachment of the abscess ; if it be then found that

there is a tuberculous deposit in the interior of the bone, this

deposit must be thoroughly cleared out by gouging or scraping. (See

Art. XXX.)
2. Where it is not possible on account of the size and anatomical

connections of the abscess to dissect it out completely, the surgeon

must be content with some less efficient measure. In such a case a free

incision should be made over the abscess, laying it open, if possible,

E
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completely, and then, wherever it can be managed, the wall should

be cut or clipped away. In the parts where this is not advisable

or possible the sharp spoon must be employed thoroughly, with

the view of excising any remaining portions of the wall. Bone
deposits, or diseased portions of bone, must of course be removed as

completely as possible. Where the wall has in this way been

thoroughly exposed and pretty completely removed, one may stitch

up the wound again, and obtain healing by first intention, and in most
cases no recurrence takes place ; in fact, in most cases the tuberculous

material has been completely taken away. One may, before closing

the wound in such cases, inject a small quantity of a 10 per cent,

emulsion of iodoform and glycerine, and leave it in. Where consider-

able portions of the abscess wall are left behind in the depth of the

wound, it is best not to close it in the first instance, but to pack it

with cyanide gauze, which has been thoroughly sprinkled over with

iodoform. This packing will not require renewal for several days

—

possibly five or six, and then subsequently it should be changed every

day or two, according to circumstances. After a time it will be

found that the wound (even in the parts where tuberculous material

was left behind) has become covered with healthy granulations, and
when that is the case, the stuffing may be left out, the edges of the

wound stitched, and healing by first intention permitted. It has

been supposed by Krause that while iodoform has no real antibacteric

action in ordinary circumstances, it may interfere with the vitality

of the tubercle bacilli when oxygen is absent, and in plugging a

deep cavity firmly with gauze and iodoform, the oxygen is more or

less completely excluded, and in addition the surface of the wound
is irritated and made to granulate more rapidly by the mechanical

action of the gauze itself.

3. In cases where it is impossible to carry out the first or second

plan of treatment, and where one can only make a limited opening

into the abscess cavity, and cannot reach the wThole of its wall

efficiently, as in the case of psoas abscess, the next best plan is to

make an incision sufficiently large to admit the entrance of the

finger. The contents of the abscess are then allowed to escape, and
a sharp spoon is introduced, preferably one of Barker's flushing

spoons, where the handle is hollow, and a stream of fluid can be

made to flow constantly through the wound at the same time that it

is scraped. By means of the spoon, the wall of the abscess cavity

is everywhere scraped as thoroughly as possible, care of course being

taken, on the side towards the veins or the peritoneum, not to open

them. Having thoroughly scraped the whole of the soft and as

much of the hard tissue of the wall as possible, the material so

detached is thoroughly washed out (where Barker's spoon is used

this washing-out goes on simultaneously with the scraping) by a

stream of weak warm antiseptic solution, such as 1 to 6,000

bichloride of mercury, and afterwards it is well to dry the cavity,

and in addition to remove any adherent portions of tuberculous mate-

rial by introducing a rough sponge into it and thoroughly scrubbing



CHROXIC ABSCESS. 99

the wall in all directions. Subsequent to this treatment, one or two
ounces of a 10 per cent, emulsion of iodoform and glycerine are

injected and left in the cavity, the skin wound and also that

through the muscles being stitched up and an antiseptic dressing

applied.

As a result, the incision through the skin usually heals by first

intention, and in a certain proportion of cases there is no reaccumu-

lation of fluid in the cavity, the trouble being at once cured by a

single operation. In other cases, however, while the skin wound
heals, a certain amount of reaccumulation takes place in the cavity

of the abscess, although it does not attain the same size as it was
previously. This accumulation may with rest become again ab-

sorbed, but in most cases it is best to re-open the wound, evacuate

the fluid (which is usually a glairy, clear, dark brown material con-

taining a quantity of iodine), scrape out the cavity again, and, either

after injection of a fresh quantity of iodoform and glyceiine, or with-

out such injection, stitch up the wound. In the great majority of

cases permanent cure is obtained, either after the single operation or

after repetition on two or three occasions.

In a small number, however, not only does the fluid reaccumulate,

but the line of incision which had healed by first intention breaks

down and a sinus forms. These are general]y cases in which either

the recesses of the cavity have not been reached in the scraping and
washing process, or where a bony sequestrum is present, or where
the patients are unhealthy and have a great tendency to tuberculous

disease. In such cases I have several times succeeded in getting a

permanent cure by dissecting away the oi'ifice of the sinus and its

wall as it passed through the muscles, thoroughly scraping out

the cavity in the manner previously described, and stitching up the

wound once more. In some cases, however, in spite of repetition of

this process, I have ultimately had to resort to the old plan of aseptic

drainage.

As regards the treatment of the septic complications which occur

where these abscesses are not opened with aseptic precautions, I need
say very little at present, because this matter is referred to in the

article on Wounds (page 222). Where, immediately following an in-

cision into a psoas abscess, symptoms of septic intoxication occur, the

clear indication is to make the external opening as free as possible,

and wash out the decomposing fluid which is present in the cavity.

This fluid should be washed out with some non-irritating antiseptic

solution such as boracic acid, permanganate of potash, or very weak
sublimate solution, because the stronger antiseptic solutions will not

in any way disinfect the cavity, but will injure the cells at the

surface, and thus possibly provide an entrance for bacteria into the

system. After opening up such a cavity, a large drainage-tube should

be introduced, and in some cases where the patient is very ill, it

might be of advantage to arrange for some hours of constant irriga-

tion through these tubes with one of the fluids previously mentioned

kept at the body temperature.

E 2
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In. cases where the septic change occurs somewhat later, and is

due to the pyogenic organisms—that is to say, in cases where there

is free suppuration from the cavity—all that can be done locally is

to provide for very free drainage, while, at the same time, the

strength of the patient is supported, and quinine and febrifuges are

administered if necessary. Attempts may be made to diminish the

sepsis and the amount of poisonous products by injecting iodoform

and glycerine into the cavity from time to time, but the effect is

really extremely slight.

As regards the treatment of hectic fever, the first essential is as

far as possible to diminish or remove the septic condition of the

wound, and in cases where the suppuration has become more chronic

and these hectic symptoms have set in, I think it is worth while

opening up the wound, scraping the wall of the cavity as thoroughly

as possible, and, after the bleeding has been arrested, sponging the

wall with undiluted carbolic acid, and powdering the surface with

iodoform. Where we have to do with such a cavity as a psoas

abscess, one must then introduce large drainage-tubes and see that

the discharge escapes freely ; but where the incision into the cavity

is freer and one can reach its recesses, it is best to stuff it with

cyanide gauze sprinkled with iodoform, the stuffing being renewed
whenever it is necessary till the wound has completely granulated.

In a certain proportion of cases the parts will be rendered aseptic

by this treatment, and the hectic fever will subside. If the result be
not perfect, or if the hectic fever and suppuration recur, and if the

patient be strong enough, the process may be repeated, and I have
succeeded in more than one instance in the case of psoas abscess in

checking the septic condition and obtaining healing of the wound
by persevering in this line of treatment.

I have described this treatment in connection with the move
prolonged and less severe suppuration and the condition of hectic

fever. Cases where the suppuration is profuse, that is to say, where
active septic processes are going on in the wall of the abscess, are

not adapted for such treatment, unless, indeed, one can obtain free

access to every portion of the cavity. If one cannot do this, but

have to work in the dark, as in cases of psoas abscess, the attempt to

scrape and disinfect the cavity will certainly be unsuccessful, and
fresh paths are apt to be opened for the spread of the septic

organisms left behind into the body generally.

As regards the general treatment of hectic fever, that must be

carried out on the lines of the treatment of the various symptoms
that arise. Antipyrine and other antipyretics should be employed if

the evening temperature goes high, being administered an hour or so

before the temperature reaches its highest point. Quinine in all

cases is of value, as also is iron. The night sweats are particularly

exhausting, and may be checked either by the administration of

balladonna internally, or by sponging the skin with a weak solution

of acetic acid or sulphuric acid. Stimulants should be freely admi-

nistered, and as nourishing a diet as can be assimilated should be given.



SINUS. 101

SINUS AND FISTULA.

In certain cases where abscesses have been opened, the wound is

a long time in healing, or refuses to close altogether, a small open-

ing being left which leads into the deeper tissues. Where this

opening ends in the depths of the tissues, it is spoken of as a sinus;

or where, being in the skin, it leads to an opening in a mucous

:%2^

Fig. 19.—Tubercular Sinuses and Ulcers in connection with Disease of the Hip and Wrist
Joints.

The dotted line, extending from the probe, indicates the extent to which the skin is undermined
around the opening ul the sinus.

membrane, it is spoken of as a fistula. Sinus and fistula may also

occur in operation wounds, but as I have said, they are much more
commonly the result of a previous abscess.

Causes Of Sinus.—There are various reasons why these sinuses

may not heal. One of the common causes of non-healing is

the presence at the bottom of the sinus of a foreign body, more
especially of a piece of dead bone. In such a case, suppuration

is kept up around the foreign body, and the pus must find a

channel for escape, and therefore keeps the sinus open. Indeed,

if the orifice of the sinus be not sufficiently large, pus accumulates

in the deeper parts, and presently finds its way to the surface else-

where, leading to the formation of a fresh abscess, and subsequently
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of another sinus. The most common cause of sinus is, however,

the presence of tuberculous disease in the wall, more especially

where pyogenic organisms have entered the abscess cavity at the

time of opening or subsequently. (See Fig. 19.) These tuberculous

sinuses are extremely common after chronic abscesses have been
opened, and if the wall of the sinus be examined, it is found to be

lined by tubercles, just as the wall of a chronic abscess itself is.

In such cases, although there may be no foreign body, the sinus may
persist indefinitely, especially if pyogenic organisms be present, the

tubercle having but little tendency to disappear. Where the entrance

of pyogenic organisms is prevented, in most cases the tissues ulti-

mately overcome the tubercular process, and the sinus heals. Other
causes of sinuses are movement in the part, as where the abscess is

formed between planes of muscles which are kept in constant move-
ment, and imperfect exit for discharge, quite apart from the presence

of a foreign body or of tuberculous disease. Where the opening is

incomplete the septic pus does not escape freely, and thus a condition

of inflammation is' kept up, and the deeper portions of the wound
are kept apart by the presence of the pus.

Treatment Of sinus.—The treatment of a sinus consists essen-

tially in the removal of the cause of the persistence of the opening

;

hence, in all cases the sinus must be opened up freely so that there

shall be no difficulty in the escape of pus from the deeper parts, and
if a foreign body, such as a piece of dead bone, be present, this must
be removed. Where the cause of the sinus is muscular action, the

part should be placed on a splint, or by other means be kept at

rest ; where it is imperfect escape of discharge, the opening must
be enlarged and large drainage-tubes inserted, counter-openings

being made if necessary. Where we have to do with a tuberculous

sinus, the best treatment is to enlarge the wound and dissect away
the walls of the sinus and any disease which may be present at the

bottom. Where, from the situation of the sinus, this treatment is

impracticable, the orifice should be opened up and the lining mem-
brane thoroughly scraped away. In cases where the sinus leads to

dead bone, which is comparatively easily accessible, it is well to make
a very free incision along the track, and after having scraped away
and removed as much of the disease as possible, stuff the wound
with gauze sprinkled with iodoform, and make it heal from the

bottom.

Varieties and Causes Of fistula.—Fistula is a condition

where there is an opening in the skin and an opening in the

mucous membrane, with a canal between them. It occurs in various

parts of the body, especially around the orifices of the mucous canals.

Thus there are salivary fistulse, where there is an external opening

leading into a salivary duct, the salivary duct again leading into the

mouth. (See Art. XLIV., on Affections of the Mouth, Vol. II.)

There are various congenital fistulse, more especially in the neck, which
are remains of branchial clefts (Art. XLIL, on Injuries and Diseases

of the Neck, Vol. II.). We have intestinal fistulse, where an opening
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communicates between the intestinal canal and the surface of the skin,

this resulting most usually as the consequence of disease or injury,

such as after strangulated hernia with gangrene of the bowel, after

operations in the abdomen where the bowel has been opened, after

the operation of colotomy, etc. ; or it may be congenital where the

intestine communicates with the surface, this being generally situated

at the umbilicus. (See Art. XLVII., on Injuries and Diseases of
the Abdomen, Vol. II.) The most common fistulse are the anal

fistulse, following abscess under the mucous membrane of the bowel,

the pus afterwards making its way into the ischio-rectal fossa, and
opening both internally into the rectum and externally through the

skin. (See Art. XLIX., on Diseases of the Rectum, Vol. II.)

The chief reason why these fistulse do not heal is the constant

passage through them of substances from the mucous canal. For
example, in the case of salivary fistula there is constant discharge

of saliva, which prevents the healing of the wound ; in the case of

intestinal fistula there is constant passage of the bowel contents, and
similarly in the case of the anal fistulse. In the case of the con-

genital fistula?, especially in the neck, the cause of the non-closure is

due to the fact that the whole track of the canal is lined with
epithelium, and consequently no healing is possible.

Treatment Of fistula.—The treatment of the various fistulse

is considered in the accounts of the surgery of the various regions,

and I need not therefore go into it in detail. It essentially

consists either in laying the canal between the skin and the

mucous membrane completely open, and causing healing to occur

from the bottom, or in diverting the fluid which is passing over

the canal and preventing the healing of the fistula, or in remov-
ing the epithelial lining of the canal. Thus, in the case of the

salivary fistula, operations are carried out by which the saliva

shall find a direct opening into the mouth ; and when that is

done, the opening in the skin may be refreshed and stitched

up. Similarly, in the case of intestinal fistula?, means are taken
to make it more easy for the fa?cal matter to pass along the

intestinal tract, than to make its way out through the fistulous

opening. Thus, where the fsecal fistula has resulted from gangrene

after strangulated hernia, the contents of the bowel cannot find

their way into the lower part of the bowel, on account of a spur

of mucous membrane which acts as a valve over the orifice and
the lower part of the canal ; and steps must be taken to remove
this spur of mucous membrane, either as was formerly done by the

use of Dupuytren's enterotome or, if necessary, by freeing the two
ends of the bowel and subsequently uniting them. In the case of

anal fistula the only satisfactory treatment is to lay it freely open,

scrape away, or even cut away the wall of the fistula, especially if it

be in a tuberculous condition ; and then stuff the wound for some days,

and make it heal from the bottom. In the case of perineal fistula?,

which are almost always due to the presence of stricture, the first act

in the treatment must consist in the removal of that stricture, either



104 SUPPURATION.

by dilatation or by urethrotomy, or in some other manner. (See

Art. LI., on Injuries and Diseases op the Urinary Organs, Vol. II.)

In cases where we have to do with congenital fistulse, nothing short

of complete removal of the whole track by dissection will effectually

cure the trouble. Attempts at destroying the mucous lining of the

track by scraping, or by means of caustics, almost invariably fail,

probably from the fact that islets of epithelium escape the action

of the remedies.
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It has already been pointed out (Art. II. page 60) that inflamma-

tion, when it has reached the stage of the formation of granulation

tissue, and is affecting a free surface, may terminate in ulceration.

Instead of the healing process taking place there ensues a gradual

extension of the sore, either with or without suppuration, owing to

breaking-down of the tissue which forms its surface, the result either

of degenerative changes from imperfect nutrition, or of actual gan-

grene of microscopic portions of the tissue.

True ulceration is an inflammatory process, and no breach of

surface can be called an ulcer in which the inflammatory changes

have not already gone on to the stage of granulation. This defini-

tion distinguishes true ulceration from a recently made wound on
the one hand, or from the breaking-down of a tumour on the other.

Classification Of Ulcers.—There are three kinds of sores

which are included under the head of ulcers.

1. In the first place we have those which are not due to any
specific virus, but which are caused by various local disturbances

'which interfere with the vitality of the part, more especially disturb-

ances in the circulation or in the innervation of the tissue. These
are generally spoken of as chronic non-infective ulcers, the chronic

character varying considerably in certain circumstances, some,

indeed, almost deserving the title of acute ulcers.

2. The second group is composed of ulcers which result from
the development in the part of a definite specific virus, more espe-

cially of the virus of tuberculosis or of syphilis ; they are termed
chronic infective ulcers. In these specific ulcerations there is a

tendency to degeneration of the surface of the sore as the result of

the action of the specific virus, quite apart from disturbances in the

circulation or in the nervous supply of the part.

3. The third group consists of tumours of various kinds, more
especially malignant tumours which have invaded the skin or led

to sloughing of the skin over them, and the surface of which is

breaking down ; these are either cancerous or sarcomatous ulcers.

From what has been already said it is evident that these sores do
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not conform to the definition of true ulcer ; they must, however, be

referred to in describing ulcerative processes. They may be classed

under the heading of ulcerating tumours.

I. THE CHRONIC NON-INFECTIVE ULCER.

Causes.—The causes which lead to the development of these

ulcers are partly and, indeed, mainly local, partly also general.

JLocal causes.—The chief local causes that lead to ulceration

are those which interfere with the circulation of blood in the part.

1. Anything which prevents the venous return, or which dimin-

ishes the arterial supply, interferes with the nutrition of the part,

and if the part so affected be already the seat of a sore, that sore

is very apt to break down and ulcerate instead of healing. The
most common obstacle to venous return leading to the formation of

an ulcer is the presence of varicose veins. "Where the veins are

much dilated, the valves become incompetent, and when the patient

walks about, the weight of the column of blood interferes with the

onward flow of blood from the part. Varicose veins are more especi-

ally likely to lead to the formation of an ulcer if the small veins in

the skin be affected. Persons may walk about for a long time with

enormously enlarged varicose veins, so long as the cutaneous veins

are healthy, without developing a varicose ulcer.

2. Then, again, the presence of an atheromatous condition of the

arteries will act similarly, in that a smaller quantity of blood is

brought to the part and the nutrition of the part is thus impaired
;

and if we have the combination of atheromatous arteries with vari-

cose veins, the probability is very great that ulceration will take

place, more especially if a sore be actually present. Indeed, where
the circulation is feeble or imperfect, the mere dependent position

of the limb is sufficient to keep up or lead to the ulcerative process,

quite apart from the presence of varicosity of the veins.

3. Apart from the presence of atheromatous vessels, anything

which tends to press on the vesselsfrom without will also tend to lead

to ulceration. If, for example, a sore have formed, say as the result

of an accident, in skin over loose connective tissue, and the part be

allowed to hang down, or a more or less acute attack of inflammation

supervene, the exudation which is poured out into the loose con-

nective tissue presses on the vessels and interferes to such an extent

with the circulation in the part as to lead to the formation of an
ulcer, and, as we shall see presently, this is the chief cause of exten-

sion of the ulceration and the chief obstacle to healing in callous

ulcers.

4. Further, a naturally weak condition of the tissues also

favours the occurrence of ulceration, and hence it is that ulcers

are much more frequent in old people than in young.

5. A similar condition is brought about by exposure to cold, espe-

cially in persons whose nutrition is imperfect, more particularly as

the result of bad food and bad hygienic conditions. One of the
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first effects of cold is to produce the condition known as chilblain
;

and partly as the result of local irritation of the chilblain, such as

rubbing, and partly as the result of further exposure to cold, ulcera-

tion is apt to occur pretty rapidly.

6. Another local cause which leads to ulceration is movement of

the part. For example, where a sore is situated over a muscle, or over

a fascia which is in frequent movement, and more especially if the

sore be of an oval shape and transverse to the long axis of the fascia,

healing may not occur, and indeed ulceration may take place.

7. A very important cause of want of healing in a sore and of the

occurrence of ulcerative changes is interference with its contraction.

As will be seen later, in speaking of the healing process (page 205),

one of the necessary occurrences in the healing of an open wound is

contraction of the newly-formed granulation tissue as soon as the irri-

tation has so far subsided as to permit it to develop into new fibrous

tissue, and if this contraction be impossible, healing may come to a

standstill ; and, indeed, in the case of large sores, after coming to a

standstill ulceration may actually take place and the sore again en-

large. Thus where a sore is situated over and adherent to a bone,

and where therefore contraction cannot occur, ulceration is very apt

to take place, and in any case the scar formed in such a situation is a

weak one, and is very liable to break down on the slightest provo-

cation ; and similarly, where there was in the first instance a very

large sore or an extensive burn on the trunk, the time may come
when contraction during the healing process will be no longer possi-

ble, and when that is the case, the sore which up to that time had
been healing readily, ceases to heal, or actually extends again. No
doubt, in this case, we have in addition to the simple impossibility

of contraction of the sore, another condition or factor to bear in

mind, namely, that as the result of the contraction which has already

taken place the blood supply to the centre of the sore is very much
interfered with, and thus we have a combination of want of con-

traction with deficient blood supply to explain the occurrence of the

ulcerative process.

8. Further, irritation of a sore from whatever cause, if long

continued and of sufficient severity, may interfere with the heal-

ing process, and ultimately lead to the occurrence of ulceration.

Thus application of injudicious lotions, such as carbolic lotion, to a

granulating wound is very apt to interfere with the healing of the

wound, and by setting up a considerable amount of irritation to lead

to exudation into the deeper tissues, which presses on the vessels

running to the part, and thus, partly as the result of the irritation of

the lotion, and. partly as the result of this interference with the cir-

culation, the sore which in other circumstances would have healed

readily enough ceases to heal and becomes an ulcer. The same holds

good with regard to mechanical injury, such as the rubbing of dress-

ings over the part, too great pressure, and so forth.

9. Perhaps one of the most frequent locally irritating causes

which leads to the formation of an ulcer is the septic condition of

e* 2
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the discharge which comes from the wound. These decomposing
discharges are often highly irritating, and if anything interfere

with the rapid escape of this discharge from the surface of the

wound, the secretions accumulating on the part act in the same way
as other irritating chemical substances, such as carbolic acid, and lead

to ulceration. Thus, one of the most important points to attend to

in the treatment of a sore in which there is marked sepsis is that

crusts shall not be allowed to form on the surface of the wound, for

if they do, the decomposing secretions accumulate beneath these

crusts, and almost to a certainty when they are picked off it will be

found that the healing process has come to a stop underneath them,

and that, in fact, ulceration is taking place.

10. Then again, the ulcerative process may be set up by some
accidental infection of the wound either leading to a very acute

attack of inflammation, in which case the sore rapidly breaks down
—what is known as the inflamed ulcer—or, where some specific

organism, such as that of diphtheria or phagedena, has entered and
grows on the surface of the granulations, leads to a semi-gan-

grenous process. In the latter cases the surface of the wound
becomes converted into a pulpy mass, which consists of numerous
cells and bacteria, and the parts which have already healed, and
subsequently the skin around, become rapidly destroyed, as the result

of the spread of these organisms into them.

11. Lastly, we have ulcers occurring as the result of deficient

innervation of the part. For example, in cases of paralysis, or in

cases where there is as yet no actual paralysis, the occurrence of

rapid ulceration in the paralysed part is no doubt to some extent

explained by the fact that, owing to the loss of sensation, the patient

is apt to press on the part too long and too heavily. This, however,

does not altogether account for paralytic ulcers, for it is found in

cases of hemiplegia, where the patient is lying absolutely motionless,

that ulceration in the form of bed sores will occur much more rapidly

and extensively on the paralysed side than on the other, although

the amount of pressure on the two sides has been the same, and
also in infantile paralysis, where sensation is not affected, these

paralytic ulcers are very apt to occur. Of the various ulcers which
are attributed to deficient innervation, the most peculiar and the

one most deserving of notice is that which is known as the per-

forating ulcer of the foot. (See Art. XXVII.)
Constitutional causes.—Of constitutional conditions which

lead to the formation of iilcers, perhaps the most important is the

existence of diabetes. In such circumstances, iilceration and
also gangrene are very apt to occur, more especially in the lower

extremities, after very slight injury, partly, no doubt, because the

tissues of a diabetic individual are particularly prone to become
infected with micro-organisms, partly also because the arteries are

very apt to become affected by endarteritis, and possibly in part

also owing to interference with the proper innervation of the

body. However that may be, there is no doubt that in cases of



NON-INFECTIVE ULCER. 109

diabetes, ulceration occurs with marked rapidity, and is very apt

to pass into gangrene. In scurvy, again, ulceration is not unlikely

to take place over [parts where haemorrhage has occurred subcutan-

eously, more particularly towards the upper part of the leg, these

ulcers being especially liable to bleed. Neurotic women are also apt

to become affected with ulceration, one form of which is known under
the name of the irritable ulcer, and this is chiefly associated with

disorder of the uterine Junctions.

Results following the non-infective ulcer.— It is very

important to recognise the cause of the ulcerative process, and to

carry out proper treatment for its arrest, because, if it be allowed

to go on, it may lead to very serious local disturbance. For
example, where an ulcer occurs over muscles, inflammation of

the muscle beneath takes place, resulting in exudation among the

muscular fibres and permanent interference with its proper action.

This is equally the case where the ulcer is situated over tendons,

where the inflammation spreads to the tendon sheaths, leading to

adhesion of the tendons to their sheaths and imperfect movement of

the parts. Another disadvantage of the continuance of ulceration

is that the circulation in the part below is interfered with, and in

this way the foot, for example, may be rendered useless. This is

most marked where the ulcer surrounds the leg more or less com-
pletely, in which case the contraction of the sore tends to constrict

the leg and to press on the blood-vessels, and thus leads to imperfect

venous and lymphatic return and imperfect supply of blood to the

part, and hence to permanent loss of function of the foot ; and
this contraction is also objectionable, even when the ulcer can heal

fairly readily, if the sore be situated over a joint, it which case

marked contraction of the joint may take place; or if it be
situated, say, in the neck, where the features may become dis-

torted, from the skin being pulled on during the healing process

;

or about the axilla, where the arm may become bound to the side.

(See Fig. 41.)

Apart from these objectionable local results, the presence of an
ulcer implies a certain amount of danger to the patient. Thus, the

veins in the vicinity of the ulcer may become inflamed, and extensive

phlebitis and thrombosis result, and, of course, if this inflammation

be of a septic character, very serious or even fatal consequences may
ensue. In addition, the presence of an open sore presents a point of

entrance for various infective diseases, more especially for the

erysipelas virus ; and lastly, I may mention that in certain cases

where sores have existed for a long time, epithelioma may develop at

their margins, and may lead to the death of the patient as the result

of this cancerous growth.

Varieties of the non-infective ulcer.—Chronic non-infective

ulcers are divided into several classes, according to their appearance
and tendencies. The following are the chief groups.

1. Simple ulcer.—The simple ulcer is a sore which does not
heal on account of various local troubles, such as pressure, friction of
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dressings, irritating applications, movement of muscles underneath,

inability to contract, etc. In these simple ulcers the surface of the

sore is nearly on a level with the surrounding skin, and it is fairly

well covered with granulations, which are of a yellowish or brownish

red appearance. The margins of the sore are sharp, and the sur-

rounding parts are oedematous and firm. These sores are generally

situated about the middle of the lower third of the leg, and where
no proper care is taken they may extend fairly rapidly. These

ulcers may in certain cases become the seat of an acute inflammation,

as the result of septic infection, and we have :

—

2. The form which is known as the inflamed ulcer. The
inflamed ulcer is a sore which has become the seat of acute inflam-

mation as the result of some mechanical or chemical irritation, or bad
methods of treatment, or, more especially, of some septic infection of

the surface. In these cases the surface of the ulcer becomes intensely

red, bleeds readily, secretes large quantities of pus, extends with

great rapidity, and is not infrequently covered with small pieces of

actual gangrenous tissue ; the skin around is also bright red and
oedematous, the margins are irregular and eaten away, and we not

uncommonly find fresh ulcers forming around the margins of the

original sore, and merely separated from it by bridges of inflamed

skin. These ulcers are acutely painful.

3. Irritable ulcer.—This form of ulcer is especially met with
in neurotic women. It is usually situated above the external malleolus.

The base of the ulcer is somewhat elevated, not unlike a boil, the

apex of which has been cut off, and it is intensely tender to the

slightest touch, and in some cases bleeds readily. It is generally

associated with menstrual disorders.

4. Weals ulcer.—Simple ulcers, or even healing sores, are

very apt to become weak as the result of defective blood-supply,

either from too small a quantity being sent to the part, as in cases

where the vessels are diseased, or where there is some obstruction to

the return of the blood, or from deficient quality of the blood, for

example, where some constitutional disease is going on. In this

form of ulcer the granulations become smooth and yellowish, the

secretions thin and small in amount, and very apt to dry up and
form scabs. The edges are pale and flat. In other cases the edges

and granulations become oedematous, and this more especially takes

place where there is some general cause of oedema, such as Bright's

disease, or valvular disease of the heart, or some local interference

with the circulation, such as the presence of varicose veins, com-
pression of the veins from the contraction of the sore, etc. A third

form of weak ulcer is one in which the granulations show excessive

growth ; it chiefly occurs where there is interference with the con-

traction of the sore. In such cases the granulations become pro-

minent, vascular soft, and bleed readily, and there is then the con-

dition which is popularly spoken of as "proud flesh."

5. Varicose ulcer.—The varicose ulcer is a form of ulceration

which depends on varicosity of the veins, more especially of the



NON-INFECTIVE UICER. Ill

smaller veins in the skin, and it chiefly occurs in oldish people and
those who stand much. As the result of the varicose condition of

the veins, the nutrition of the skin becomes imperfect, and eczema-

tous inflammation is very apt to occur in these circumstances. The
skin is very itchy, the patient scratches it and produces a wound,
which then gradually enlarges and takes the form of an ulcer. In
certain cases, however, the varicose ulcer commences by the form-

ation of a small abscess around an inflamed vein, which bursts

through the skin, and then leads to extending ulceration. These
are the cases in which bleeding is very apt to occur from the forma-

tion of an opening into the vein itself. However produced, these

varicose ulcers are usually in the first instance

small and superficial ulcers, resembling in their

general appearance simple ulcers with oedema
of the tissues around, and they often have
prominent, soft, or cedematous granulations, not

uncommonly surrounded by a patch of eczema.

If the patient continue to walk about, the con-

gestion of the part is kept up, and the tissues

around become thicker and thicker, ultimately

leading to the condition of a callous ulcer.

6. Callous ulcer.—Any ulcer of the

may become a callous ulcer under
certain conditions, more especially

those which interfere with the

venous return. Hence, a callous

ulcer is most commonly associated

with varicose veins, and is the fur-

ther development of the varicose

ulcer as the result of the continued

interference with the venous return.

In such cases, from the dependent

position of the limb, oedema of the

part takes place, lymph is exuded
into the meshes of the cellular tissue

and coagulates, and may even become organised, with the result that

the parts surrounding the sore become hard and the arterioles are

pressed upon, and the nutrition of the part is much interfered with.

Hence the skin and tissues around a callous ulcer are much thick-

ened and hard, and do not pit on pressure. The base of the ulcer is

depressed considerably below the surface of the skin owing to this

great thickening of the parts around. The base is also fixed and
contraction is impossible. The surface of the sore is pale and has

only few and very imperfect granulations, and secretes a small

quantity of thin fluid. The margins of the sore are elevated,

thickened, and white (Fig. 20).

7. In certain cases there is developed what is known as the

hemorrhagic ulcer, which occurs more especially in patients who
are suffering from scurvy. In these cases the surface of the sore is

Fig. 20.—Callous Ulcer, completely sur-
rounding the Leg. The figure shows
the thickening of the surrounding
tissues, the apparent depth of the
sore, and the absence of any attempt
at healing. This case was cured by
skin grafting.
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swollen, red, and bleeds very readily, blood sometimes coagulating on,

and adhering to, the surface, forming projecting clots.

8. Diabetic ulcer.—In patients who are affected with diabetes

it is not uncommon for wounds resulting from scratches or cuts to

extend rapidly, and lead to the formation of an ulcer, the result

partly of the condition of endarteritis present in this disease, and
partly of the great proneness of the tissues to septic infection. These
ulcerations spread rapidly, the skin around is inflamed and red. and
most commonly, in addition to the ulceration, there are also visible

sloughs of the skin or subcutaneous tissues.

9. Ulcers the result of pressure.—Pressure ulcers especially

occur on the sole of the foot, and result from long-continued but not

necessarily severe pressure. The first effect of the pressure is to lead

to thickening of the epithelium, and the formation of a callosity. If

the pressure be continued, inflammation and suppuration occur beneath

this callosity; and when the thickened epidermis is removed, an ulcer

is seen, which heals with the greatest difficulty, and which extends if

the pressure be kept up. The great characteristic of these sores is the

marked thickening of the epidermis surrounding them, the sore itself

being considerably below the level of the skin, very vascular, and with

a tendency to exuberant granulations. The " bed sore " is considered

in the article on Gangrene (page 134).

10. Ulcers due to deficient innervation.—In limbs which
are paralysed it is not uncommon to find atonic ulcers, which develop

with considerable rapidity, are painless, sometimes multiple, and
often covered with imperfect granulations. These ulcers chiefly occur

about the phalanges of the fingers and toes, and also on the sole of

the foot, and are no doubt in many cases the result of long-continued

pressure, and are usually described as pressure ulcers. In connection

with these ulcers we may describe especially the variety which
follows.

11. Perforating ulcer of tlie foot.—This occurs in parts of

the foot which are subject to pressure, more particularly under the

heads of the metatarsal bones, chiefly that of the great toe. In the

first instance these ulcers present the appearance of ordinary pressure

ulcers, beginning as a callosity, followed by suppuration underneath,

but differing from the ordinary pressure ulcers in the rapidity with
which they extend into the substance of the tissues. These ulcers

generally attack men over forty years of age, and are not necessarily

associated with any paralytic condition of the limb, being usually

associated with tabes, or possibly in some cases with commencing
peripheral neuritis. The ulcer may extend in depth till it reaches

the bone, and then the bone becomes the seat of a rarefying

osteitis, and ultimately may completely disappear, the metatarso-

phalangeal joints also being opened. The ulcer thus presents a
funnel-shaped appearance, its base being generally covered with
reddish, warty granulations, and the secretion being of a very foul

character. The epithelium spreads down \he sides of the funnel,

and there is great proliferation of the epidermis, so that the cavity of
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the ulcer becomes filled with masses of decomposing epidermis.

These ulcers are supposed by some to be essentially pressure ulcers,

starting in the first instance like the ordinary pressure ulcer, with
the formation of a callosity. The pressure is kept up by the growth
of the epidermis down the sides of the ulcer, thus leading to the

formation of a hard circle, which presses on the deeper parts. These
ulcers are very chronic, and wifl not heal under rest or the ordinary

methods of treatment, the reason being the presence of this epidermic

growth down the sides of the ulcer, preventing the adhesion of the

two sides to each other. (See also Art. XXYII.)
12 Phagedaenie ulceration.—Any of these ulcers, more

especially the ones earlier described, may become attacked by some
specific infection, such as the diphtheritic or phagedenic poison, with
the result that there follows the development of what is known as a
diphtheritic or phagedenic ulceration. I shall speak of phagedena
more especially in connection with gangrene ; and it is not necessary,

therefore, to do more here than simply to mention the existence of

this class of ulcers. (See page 149.)

Treatment of the chronic non-infective ulcer.—The con-

ditions which are necessary for the healing of an ulcer are that the

surface of the sore must become level with the surrounding parts,

that the margins of the sore must be movable and contraction

must be possible, and that the granulations on the surface must be
healthy. The principles of treatment are therefore in the first place

to get rid of the various causes which are keeping up the ulcer-

ation, and in the second place to improve the condition of the

surface and the margins of the ulcer. These principles may be
arranged under four heads

—

(1) The first essential in the treatment of all ulcers is rest. As I

have already said, any movement of the part will tend to keep up
the ulceration ; and therefore all movement of the affected area must
be completely abolished. Hence in most cases the limb should be
fixed on a splint, so arranged as to prevent the movement of the

joints above and below. Further, it is of essential importance in the

treatment of ulcers to place the circulation of the blood through
them under as favourable conditions as possible. Hence the depen-

dent position of the part, hindering as it does the venous return, must
be abolished, and consequently, for the most rapid healing of ulcers,

rest in bed is advisable ; and not only rest in bed, but elevation of
the limb, so that the sOre is at a higher level than the heart.

The improvement which follows absolute rest and elevation of the

limb is extremely marked in many instances, more especially in

cases of callous ulcer, where, without any other special treatment,

the thickened condition of the tissues around will rapidly subside,

and the surface of the sore become healthy and on a level with the

surrounding skin. The return of the blood from the part may also

be favoured by massage, which should be combined with rest in the

elevated position. In employing massage in the case of callous ulcer,

the area operated on should in the first instance be the upper part
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above the ulcer, this area being extended downwards as the tissues

around become softer, and the lymphatic circulation becomes more
fully re-established. With the view of getting rid of this cedematous

condition, and of improving the circulation, pressure is also a good
deal employed, especially by means of indiarubber bandages ; but

this does not materially hasten matters, as compared with the effects

of rest and the elevated position.

(2) Another very essential point in the treatment of all ulcers is

to get rid of all the causes of irritation of the surface of the sore,

that is to say, to get rid of irritation from movement of dressings,

and to avoid the presence of any irritating fluid in contact with the

surface of the sore. If antiseptic lotions be employed with the

view of cleansing the sore, they should be of a weak and unirritating

character, such as boracic acid solution (saturated), or weak subli-

mate solutions (1 to 4,000 and 1 to 6,000). The employment of

irritating solutions such as carbolic acid, especially if strong, wil]

interfere very greatly with the healing process.

The most important irritating substances which have to do with

the extension of the ulcerative process are the products of sepsis in

the discharges from the sore, and it is, therefore, one of the most
essential points at the commencement of the treatment of an ulcer

to remedy, as far as possible, the septic condition. In order to do

this, the following is the best method of procedure, and it should be

carried out in all cases at the commencement of the treatment of an
ulcer, and more especially at the commencement of the treatment of

a case of callous ulcer. In the first place, the skin around the ulcer

for a considerable area should be thoroughly disinfected, because to

disinfect the surface of the ulcer alone and leave the infected skin in

the neighbourhood would mean reproduction of the sepsis in a very

short time. In the first instance, the skin around is thoroughly

washed with soap and water, and all hairs are shaved off. It should

then be saturated with turpentine in order to dissolve off the fat,

and then the skin is very thoroughly scrubbed with soap and 5 per cent,

carbolic acid solution, or, better still, with that lotion containing a
500th part of sublimate in solution, a nail brush being employed
with the view of removing all the loose epithelium on the surface.

The disinfection of the skin around a septic ulcer is a matter of

considerable difficulty, and it is well to repeat the process on one or

two days in succession. The disinfection of the surface of the ulcer

itself is also by no means an easy matter. The first method employed

by Sir Joseph Lister was to apply a solution of chloride of zinc, 40

grains to the ounce, to the surface of the ulcer, but I think that in

ordinary circumstances the most satisfactory results are obtained by

the use of undiluted carbolic acid. The pain caused by this application

is, even at the moment, not greater than that caused by the chloride of

zinc, while it very quickly passes off, as the result of the anaesthetic

action of the carbolic acid. In cases where there are prominent granu-

lations or actual small sloughs on the surface, it is well before applying

the carbolic acid to scrape the surface with a sharp spoon (in such a
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case, of course, the patient being placed under an anaesthetic), the

sore and the skin around being at the same time disinfected.

Cyanide gauze soaked in 1 to 2,000 sublimate solution should be

applied daily for two or three days. This no doubt injures the

surface of the sore, but a delay of two or three clays before the

commencement of the healing process is immaterial, wbJle it greatly

adds to the certainty of disinfection. Disinfection of a foul sore

may also be obtained by the use of strong carbolic oil 1 to 5, lint

dipped in this oil being carefully packed into all the recesses of the

ulcer and the dressing changed every day ; it will usually be found

in the course of a few days that the sepsis has been completely got

rid of. Iodoform is much used by some surgeons as a means of

disinfecting ulcers, but as I shall mention, when I come to speak of

the treatment of wounds, its antiseptic action is very slight, and it

is really of very little value for this purpose. (See page 225.)

(3) Having got rid of the septic condition of the sore, one must
then cease the employment of irritating applications, otherwise one
would interfere with the healing process, and among the best methods
of treating an ulcer subsequently to its purification is the use of boracic

acid in the form of a lotion (saturated solution) and boracic lint

which has been wrung out of this same solution, the mechanical

irritation of the lint on the sore being prevented by the interposition

of a piece of Lister's protective oiled silk, which is first dipped in

1 to 20 carbolic lotion to disinfect the surface, and afterwards in the

boracic lotion to wash away the irritating carbolic acid. This

dressing is changed daily for some time. In cases where there is

much discharge, it is well to cut a few holes in the protective,

so as to allow the discharge to escape into the lint, and in any
case the protective should not be larger than the sore itself, and
should be well overlapped in all directions by the antiseptic lint

outside.

Where there is a tendency for the granulations to become cedema-

tous, this dressing is unsuitable, because the fluids are confined beneath

the protective and the cedematous condition is increased. In such cases

the cedematous granulations should be destroyed by the application of

nitrate of silver, and then either some dry dressing or some of the

antiseptic ointments should be used. The objection to the dry
dressing is, in the first place, its mechanical irritation, and in the

second place, that when it is removed, one is very apt to peel off the

delicate layer of epithelium which has been forming around the edge.

Of the antiseptic ointments, perhaps the best is boracic ointment,

but it must not be used of the full pharmacopceial strength, because

in most cases this does not permit satisfactory healing. As a rule,

it is well to dilute it with vaseline or with the ointment basis to

about a quarter of its original strength. This ointment should be
spread on cambric or thin butter-cloth ; it should not be spread on
lint, as is the usual custom, because when the lint is stretched cracks

form in the ointment, and thus a complete antiseptic layer is not
applied to the surface of the sore. Outside the butter-cloth, boracic
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lint or other antiseptic dressing is applied, and the whole fixed oa
with a bandage.

Where the ulcers are very painful, or where there are sloughs on
the surface, or where there is any acute inflammatory action, it is

well to employ the boracic lint in the form of a fomentation, that

is to say, the boracic lint is applied wet. the lotion being only very

imperfectly squeezed out of it, and outside the lint a piece of

mackintosh cloth is placed, overlapping the lint in all directions.

This should be changed twice daily, but should not be continued after

the irritable condition of the sore has ceased, or after the sloughs

have separated, otherwise the granulations are very apt to become
(edematous, and one form of weak ulcer may be produced.

(4) A fourth object in the treatment of ulcers common to all of

them is that attempts should be made to get rapid healing with as

little contraction as possible, and further, to obtain a scar which will

subsequently be sound. In the case of ulcers affecting the lower

extremities, especially in oldish people, the scar obtained where an
ulcer is allowed to heal of itself is usually weak, and commonly
breaks down again if the patient stands or walks much, and this is

more especially the case where imperfect contraction of the sore has

taken place, as, for example, where the base of the sore is adherent

to the bone. Where a really sound scar is desired—and it is desired

in all cases of ulcer of the leg—the best method is to employ skin

grafting, preferably by the plan introduced by Thiersch.

Siiiai grafting-.—The earliest method of skin grafting is that

known as Reverdin's method, which is, however, really epidermis

grafting rather than true skin grafting. In his plan, minute portions

of the superficial layer of the epidermis were shaved off and applied

at numerous places over the surface of the sore, at a distance from
each other of about a quarter to half an inch. These grafts were
left undisturbed, care being taken not to wash them off, and in the

first instance not to change the dressing for some days, and for the

best success in this plan it is necessary that the sore should be

aseptic. These minute grafts of epidermis adhere to the surface of

the granulations, and very soon we find spreading around each graft

a narrow line of young epidermis, so that instead of the sore having
to heal altogether from the edge, the epidermis sprouts over it from
numerous points on the surface. The result is that much more rapid

healing is obtained than by the ordinary treatment of the sore, and
consequently less granulation tissue is formed and the resulting con-

traction is correspondingly less. It is necessary to place these grafts

pretty close together, because it is found that the epidermic formation

around each graft only extends to an area of about the size of a

sixpence, and then seems to come to a standstill. While the sores

so treated heal rapidly, and the resulting contraction is less, there is,

nevertheless, a large amount of contraction, while the resulting scar

is not materially stronger than that which follows healing without
this method of epidermic grafting.

With the view of obtaining a sounder scar and of avoiding the
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contraction, it is necessary to employ much larger and thicker por-

tions of the skin, and to leave no interval at all between the grafts.

In Thiersch's plan about half the thickness of the skin is used, and
the result of his method is extremely satisfactory. In describing it

we have to consider : first, the preparation of the sore, and, secondly,

the preparation and application of the grafts. As regards the pre-

paration of the sore, it is in the first instance necessary to get rid of

all existing sepsis, and this can be done by the method of disinfection

which I have described. The wound must then be treated till the

surface of the sore has become quite healthy, as indicated by the

presence of healthy granulations and of commencing healing around
the edges. Some surgeons allow this healing process to go on for

several weeks, and repeatedly rub the granulations with nitrate of

silver with the view of obtaining a firmer and better surface. For
my own part, I do not think that it is necessary to wait or to

prepare the surface in this way. All that is requisite for the

success of the application is that the sore shall be healthy (as indi-

cated by the appearance just described) and aseptic. Having obtained

a healthy sore, the soft layer of granulations on the surface should be
scraped away, the deeper newly-formed fibrous tissue, which is highly

vascular, being, however, left behind. By scraping away the surface

of the granulations, a mass of tissue is removed which would organise

into fibrous tissue and subsequently contract, while, at the same
time, a smooth, firm base is obtained on which to lay the grafts. In
my opinion, not only should the granulations be scraped away, but it

is well also to remove the line of cicatrisation which has already

formed. I have found that where this is not done, although the area

covered with skin grafts remains quite sound after the patient walks
about, a line of ulceration is very apt to occur around, corresponding

with the line of cicatrisation which had formed as the result of the

natural healing process, and I therefore deliberately cut away the

new epithelial layer so as to remove all the parts that have healed
• naturally. The surface of the sore having been prepared in this way,

steps must be taken to arrest the hsemorrhage completely before the

grafts are applied, and this is best done by taking a piece of protec-

tive which has been disinfected in carbolic lotion and subsequently

in some weak antiseptic such as weak sublimate solution, and placing

it next the sore, and then, by means of sponges, either held firmly

over the part by the assistant or bound down by means of a bandage,

the pressure is kept up till the bleeding has stopped. The object of

interposing the protective between the sponges and the sore is in

order that the bleeding shall not be started again when the pressure

is removed, and this is very apt to occur where no protective is used,

because the sponges stick to the surface.

While the bleeding is being arrested in this way, the cutting of

the grafts may be proceeded with. In the first instance, the skin

which is to be removed for the purpose of skin-grafting should be

thoroughly disinfected in the manner just described in reference to

the treatment of the ulcer, and it should also be carefully shaved,
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because the presence of hairs is very apt to interfere with the proper
healing of the graft. The skin is most conveniently taken from the

front or sides of the thigh, but of course it may be taken from
any part of the body which is healthy and suitable. The skin

of the part is put on the stretch vertically by the assistant, and
transversely by the surgeon grasping the limb, and the surface

should be made as flat as possible. A broad razor is then taken,

which is always kept wet with boracic lotion, otherwise the graft is

very apt to tear, and strips composed of half the thickness of the

skin, as broad and as long as possible, are cut. While the various

strips are being prepared, those already cut should be left on the

part bathed in the blood which exudes from the cut surface. As
soon as the bleeding from the ulcer has stopped, these strips are

transferred to the surface of the sore, and are very readily spread

out by means of a couple of probes, care being, of course, taken that

the deeper surface of the graft is placed next to the surface of the sore.

These grafts should be applied close together ; in fact, their edges

should overlap, and they should also overlap the edge of the skin,

and in this way the whole surface of the ulcer is entirely covered

with grafts. When this is completed, narrow strips of protective

disinfected in the first instance in carbolic lotion, and subsequently

washed in weak sublimate or boracic lotion, should be pressed firmly

over the surface of the grafts, so as to expel any air or blood which
may have collected beneath during the process of skin-grafting ; and
the whole surface is then covered with a layer of protective, outside

which a mass of cyanide gauze or other antiseptic dressing is applied.

In the first instance, this dressing should be left on for at least five

days, by which time the grafts will have sufficiently adhered to with-

stand the washing with the lotion. Subsequent dressings must be

carried out at necessary intervals, and after a week or ten days, when
the grafts have firmly adhered, I generally give up the moist dressing

for some antiseptic ointment, such as weak boracic ointment. As
regards the part from which the grafts have been taken, it may be'

dressed at once with weak boracic ointment and boracic lint outside,

or the protective and boracic lint dressing just described may be

employed. These parts generally heal without any difficulty what-

ever and with great rapidity, and it is possible after a time to utilise

the same place for subsequent skin grafts.

The third method of skin grafting consists in the employment
of the whole thickness of the skin, but the results obtained by this

method are not nearly so satisfactory as those got by Thiersch's plan.

In the first place a very large amount of skin is requisite to cover a

comparatively small sore ; on account of the contraction of the skin,

it is also necessary to cut the original strip into small pieces, and
even then one is very apt to find that the central portion of the graft

sloughs, no doubt because the skin curls up and this central part is

not kept in contact with the raw surface.

Whichever method of grafting is employed, the patient should

be kept in the recumbent position for a long time. In the case of
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Thierscn's grafts it has been found that several months elapse before

absolutely complete union—more especially union by elastic tissue

—has taken place between the skin and the part beneath, and if the

patient be allowed to walk too soon, haemorrhage or oedema is very

apt to occur beneath the surface of the graft and lead to its ultimate

detachment. From three to six months is generally the time that

should be specified as necessary for the patient to lie in bed, or at

any rate to keep up the leg, after the commencement of the treat-

ment.

Treatment of special forms of the chronic non-
infective nicer.—It may be well to indicate one or two points

with regard to the treatment of some of the special forms of ulcer

which have been referred to.

In the case of the inflamed ulcer, it is necessary to take active

measures with the view of combating the inflammation, and, per-

haps, the most successful is the employment of free incisions into

the margins of the ulcer, which act by locally depleting the part and
also by permitting the escape of exudation. Where bridges of skin

are present, it is of especial value to cut them across. These bridges

would very quickly give way if they were left alone, whereas by
cutting them across the portions of skin may be saved. As regards

local applications in these cases, it is best to employ the boracic

fomentations in the manner already described, and, of course, all the

other principles of treatment come into play.

In the case of the irritable ulcer, it is well to destroy thoroughly

the surface of the sore by rubbing it with nitrate of silver, and to

attend more especially to the menstrual functions.

In dealing with the weak ulcer, the cause which leads to this con-

dition should be sought for and removed, more especially adhesion

of the ulcer to the bone beneath, or any other cause of difficulty in

contraction. In some cases, healing of these ulcers has been obtained

where all other means have failed by resecting a portion of the bone
or a joint, and thus permitting contraction of the sore. Thus,

in sores about the elbow joint, excision of that joint has led not

only to the healing of the sore, but also to a useful arm ; and even
in the case of ulcers of the leg, satisfactory results have been obtained

by removing one or two inches of the tibia and fibula, shortening the

leg, and at the same time permitting a sound healing.

The varicose ulcer must be treated on the lines already laid

down, and as soon as the sore has healed, either of itself or pre-

ferably by skin grafting, the cure of the varicose veins themselves by

operation must be carried out. (See Art. XXIV.) This opera-

tion must be delayed till the sore has healed, otherwise, if there be

any sepsis, the wounds might become infected, and very serious

results might follow.

In the case of the callous ulcer, the chief obstacle to healing is

the callous condition of the surrounding parts, and the surgeon's first

efforts must be directed to getting rid of this condition. As a matter of

fact, if the part be put at rest, the leg elevated and the sore rendered
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aseptic, this callous condition will quickly subside, so that in the

course of two or three weeks the sore will present a healthy appear-

ance, and healing will commence. Where it is desirable to expedite

matters, or where the thickening of the tissues does not yield to

these measures, perhaps the best method is to apply one or more
blisters. These blisters should be applied over the callous area

around the sore, but it is not advisable to place them over the actual

surface of the sore, otherwise the cantharides is very apt to become
absorbed and produce congestion of the kidneys, and as in these

cases it is not uncommon to find that Bright's disease is present,

this congestion might lead to very serious results. The effect of the

blister is to set up inflammation of the skin, and consequently more
rapid circulation through the part and more rapid absorption by the

lymphatics, and in a few days after the application of a blister it

is usually found that the thickening has very markedly diminished

or even disappeared.

Another method which is employed to get rid of the callous

condition is the use of pressure, either in the form of strapping—the

strips of strapping beginning behind the leg, and the ends crossing

over the surface of the ulcer, a hole being cut in the strapping to

permit of the escape of discharge—or in the form of Martin's elastic

bandage, which is of considerable advantage. Massage, also, is a

rapid method of getting rid of the effused material, the parts first

subjected to the treatment being those above the ulcer, and sub-

sequently the parts below. The callous condition having been got

rid of, and the sore having become healthy, skin grafting should

be employed, and if, when the wound has healed, varicose veins are

found, they should be treated by operation.

Callous ulcers occur more especially in the very poor, who are

unable to give the necessary time for the thorough and sound healing

of the sore, and who must therefore often be treated as out-patients.

In that case one hardly hopes for a cure, but rather for alleviation

of the pain and discomfort, and arrest of the ulcerative process. If

the patient is to be allowed to walk about with a callous ulcer, the

first essential, after having rendered the sore aseptic, is to give the

part adequate support, so as to aid the return circulation ; and for

this purpose the use of Martin's bandage is the plan which has met
with the greatest favour. Originally it was applied to the leg,

beginning at the foot, and passing upwards without any dressing

being placed between it and the sore ; and it was taken off at night,

washed, and thoroughly dried, no bandage being employed while the

patient was in bed. The objection to this is, however, that the bandage
becomes very foul, and thus great irritation of the sore is produced

;

and further, as the perspiration is confined beneath the bandage, an
eczematous condition is very apt to form. With the view of avoid-

ing the latter objection, Martin's bandages are now for the most part

perforated with holes, so as to allow the evaporation of the sweat

;

but I believe it is also advisable in all cases to apply a suitable anti-

septic dressing to the sore before putting on a Martin's bandage. So long
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as no greasy application is employed, which would destroy the india-

rubber, there is really no objection to proper and efficient dressing of

the sore beneath the bandage. In applying the Martin's bandage,

it should be put on before the patient gets out of bed, and it should

be placed on the limb quite loosely and smoothly, the bandage being

simply unrolled around the limb, reverses, of course, being made
wherever necessary. If the bandage be put on tightly, the accumu-
lative action of the turns leads to the upper part becoming too tight

when the patient has walked about for a short time.

Unna has introduced, in preference to the Martin's bandage, an
arrangement by which the ordinary bandages are stiffened, so that

they maintain their position and keep up the support. In the first

place he thoroughly disinfects the skin, washing it with soap and
water, and subsequently with antiseptic lotions, and then powders
it and the sore with iodoform. He then takes a double-headed

bandage and applies it to the limb, commencing from the middle of

the sore. This bandage is porous, and over it he rubs a mixture of

gelatine and glycerine—10 parts of gelatine, 40 parts of water,

40 parts of glycerine—with some oxide of zinc. This is melted and
rubbed into the bandage, and before it is set another bandage is

dipped in hot water and applied. The dressing solidifies, and forms

a firm support to the leg ; while it does not have the weight of

plaster of Paris, and the pressure is more evenly distributed than

with Martin's bandage. This dressing is renewed, according to the

amount of discharge, usually at first every other day, but as the

discharge diminishes, at less frequent intervals. It is readily

removed by putting the patient's leg in a pail of warm water, which
melts the gelatine, and allows one to unwind the bandage quite

easily. When an ulcer has healed, whether by skin grafting or

naturally, it is well in all cases to support the part for some time

with a light bandage, and, best of all, with Unna's bandage.

In the case of paralytic ulcers stimulant applications should be

used, in addition to the ordinary methods of treatment, more espe-

cially the application of spirits of wine to the parts around. As a

dressing, balsam of Peru sometimes acts very well.

In dealing with perforating ulcer of the foot very radical mea-
sures are necessary in order to obtain healing. One may place

such a sore at rest, and in an elevated position, for a long period of

time without the slightest attempt at healing taking place, because,

as I have already pointed out, the epithelium has spread down the

sides of the funnel. Hence, in order to obtain healing, it is necessary

to cut away the edges and sides of the ulcer, and this must be done

very freely. The bottom of the ulcer should then be scraped, and
the whole cavity stuffed with cyanide gauze, sprinkled with iodo-

form, the patient, of course, being kept in bed.

In the case of the pressure ulcer, also, it is necessary to remove
the callosity on each side of the ulcer.

The phagedasnic ulcer requires energetic destruction of the gan-

grenous tissue, and this is best carried out by means of the actual
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cautery, the phagedenic material being scraped away in the first

instance, and the part left being then very thoroughly cauterised.

Some surgeons have advocated the use of caustic potash or nitric

acid in preference to the actual cautery, but nitric acid especially

seems to be inefficient, in that it leads to coagulation of the

albumen, which stops the penetration of the acid. Subsequent to

the application of the destructive agent, a dressing of strong carbolic

oil (1 to 5) is perhaps the best.

II. THE CHRONIC INFECTIVE ULCER.

The chief ulcers which belong to this group are those which are

due to tuberculosis and syphilis. These will be described in detail

in the proper articles, and I need only refer in one or two words to

the chief points. (See Arts. XVI. and XX.)
As regards the ulcerations of the skin due to tubercle, we

have the condition known as ordinary tuberculous ulcer, which
is characterised more especially by undermining of the skin for a

considerable distance around the edges of the ulcer, this undermined
skin being extremely tender if a probe be pushed in under it, and being

of a reddish colour (Fig. 19). The surface of the ulcer is generally pale,

without proper granulations, and with caseating material here and
there. These tubercular ulcerations of the skin usually follow the

formation and bursting of an abscess, either in the subcutaneous

tissue, in a gland, or in some deeper part ; and the great difficulty in

healing, apart from the presence of the specific tuberculous disease,

is the presence of this very thin undermined skin, which has no
tendency whatever to adhere to the deeper parts. This difficulty is

partly due to the extreme thinness and want of nutrition of the

skin ; in some cases, also, to the fact that epithelium has already

spread over the deeper surface, starting sometimes from the bottom
of a hair follicle which has been opened into, and thus we have an
epithelial-covered surface opposed to the granulating surface. Where
healing does occur, portions of this undermined skin usually slough,

while the rest shrinks and forms a lumpy, unsightly scar. (See

Art. XVI. page 361.)

The other typical ulceration of the skin is the result of the

ulcerating form of lupus, the character of this being a soft, pale

base, with imperfect granulations, and around the edge of the ulcer

the presence of numerous nodules, often presenting the typical

apple-jelly appearance, which again break down and thus lead to the

extension of the sore (Fig. 21). There are various forms of lupoid

ulceration of the skin, but the great characteristic of them all is

what I have described, namely, the rough, imperfectly granulating

base, and the presence of these nodules around, sometimes forming a

very marked, thickened edge. (See Art. XXVIII.)
Syphilitic ulcers, again, are most usually the result of the

ulceration of gummata, which have formed in the skin or the

subcutaneous tissues. These gummata, when they reach the surface
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and burst, lead to loss of the skin over a considerable portion of

their extent, so that in the early period they present a circular,

punched-out appearance. After a time the ulceration tends to

assume a more or less serpiginous form, healing often taking place

at one side, while ulceration occurs at the other. (See Art. XX.)
In the matter of diagnosis, the chief feature in the typical

tuberculous ulcer is the thin undermined skin around the edge, and

Fig. 21.—Case of Lupus

in lupoid ulceration the presence of minute nodules at the margin of

the ulcer and around it, often semi-transparent, and presenting the

typical apple-jelly appearance. The syphilitic ulceration assumes the

serpiginous form, tending to heal at one side while it progresses at the

other ; or it assumes a tubercular form—the so-called syphilitic lupus

—progressing with much greater rapidity than ordinary lupus with

much larger nodules, and destroying bones as well as the soft parts.

As regards the treatment of the tubercular form of ulcers, local

measures are of the greatest importance, the essential principle being

to remove the disease as completely as possible. This may be done
in various ways, either by scraping, by the application of various

caustics, or by excision. I need only here express my preference
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for excision, followed, if required, by skin grafting wherever it can
be carried out.

The treatment of syphilitic ulcers will be fully discussed else-

where, and need not occupy us now.

III. ULCERATING TUMOURS.

These belong almost entirely to the class of malignant tumours.

Ulceration only occurs in connection with simple tumours as the

result of pressure, there being no inherent tendency whatever to

destruction of the parts around.

In the case of malignant tumours, however, especially in the carci-

nomata, the disease tends to invade the surrounding parts, converting

them into cancerous material, and so, when it reaches the surface

of the skin, destroying it, and leading to the formation of an ulcer.

The ulcerations, which result from the growth of sarcomata beneath

the skin, are due mainly to pressure. Thus, the character of a

sarcomatous ulcer originating in this way is that of a fungat-

ing tumour protruding through a hole in the skin, the sides of which
are inflamed but do not present the characteristic clinical appearances

of sarcomatous disease. Cancerous ulcers, on the other hand,

present an ulceration, which is generally below the level of the skin,

the base of which is hard, or warty in the case of epitheliomata, and

the edges of which are also hard, elevated, and sometimes warty.

Epithelioma is of interest in connection with ulcers, because

it is not uncommon for a simple ulcer which has lasted many years

to become the seat of the development of an epithelioma, which may
either assume the ordinary rapidly-growing tuberous form, or may
progress more slowly, and be of the flat variety. (See Art. XXII.)
It is not at all uncommon for this variety of epithelioma to

attack an old-standing lupus ; and when it does so, the disease

progresses with much greater rapidity. Indeed, it is not impro-

bable that many of the cases described as lupus vorax are really

cases of epithelioma grafted on a lupus.

Rodent Ulcer.—The only malignant ulcer to which we need

refer in this place is that known as rodent ulcer, because for a long

time rodent ulcer was not recognised as a malignant disease, but

was included among the peculiar forms of inflammatory ulcerations.

We now know that rodent ulcer is simply a form of superficial

epithelioma, and belongs to what is spoken of in Germany as the

flat variety of that disease. It commences, in the first instance,

quite insidiously and very often on some pre-existing lesion, such as

a wart or a mole. By-and-by an ulcer is formed which has a red

base, depressed below the surface of the skin without any granula-

tions on it, and somewhat indurated ; the edge of the ulcer is also

hard, sharply-cut, and may in some cases be prominent, or even

warty, resembling the more rapid forms of epithelioma. The margin

of induration compared with that met with in the epitheliomatous

ulcer is comparatively slight (Fig. 22).
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The disease spreads extremely slowly, and may go on for many
years, gradually destroying the parts in which it is situated, both

in superficial extent and in depth. It is not uncommon, also, to

find that the centre, or indeed the greater part of the sore, may
become apparently cicatrised, but the cicatrix very soon breaks

down again, and the ulceration proceeds.

The disease is, in the great majority of cases, only locally

Pig. 22.—Ala of Nose destroyed by a Rodent Ulcer.

malignant, and it is seldom that there is any glandular enlargement
in connection with it, but this does occasionally occur.

It generally attacks oldish people, chiefly men from fifty years

of age and upwards.

It most usually begins in the face, more especially about the root

of the nose and the region of the eyelids, and it goes on destroying

the various structures which it meets with, eating into the nasal

bones and the superior maxilla, or the frontal bones ; and it may
ultimately cause death either from haemorrhage or, after having
destroyed the bones of the skull, from septic meningitis. It may,
however, be found in any part of the body, perhaps the next most
frequent seat to the face being the back of the hand, just as is the

case with lupus ; and this may very possibly be explained by direct

infection from rubbing the face with the hand.

On making microscopical sections of the wall or base of the ulcer,

one finds a typical cancerous structure, namely, epithelial cells

penetrating into the tissues in the form of tubes, and giving rise to the

alveolar arrangement found in epitheliomata (Fig. 23). The epithelial
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cells present in rodent ulcer are smaller than the ordinary squamous
epithelium, and the nuclei are spindle-shaped ; and it has been
supposed by some that the rodent ulcer originates in the sweat

glands, and by others that it originates in the sebaceous glands.

It is apparently clear that it does not originate in the surface epithe-

lium. The amount of cancerous material present at the edge or the

base of the ulcer is quite small in most cases, and may indeed be in

parts entirely wanting, the fact being that the new growth ulcerates

almost as fast as it forms, and hence it was that formerly, in spite of

microscopical examinations, the cancerous nature of the disease was
not recognised.

The treatment of rodent ulcer consists in free and complete

removal of the dis-
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Fig. 23.—Section of a Rodent Ulcer, showing the Tubes of where the disease
Epithelium spreading in the subcutaneous Tissue. The
surface epithelium is also shown on the left side, and the has passed deeper,
larger size of these cells is evident.

and where pQr_

tions are left be-

hind in some small cavity in the bone. Some surgeons prefer the

employment of caustics, with the view of destroying the disease

;

and in cases where a bone is affected—such as the frontal bone

—

this is probably the best method of treatment. The caustics which

are found to be most efficient are sulphuric acid, Yienna paste, or

potassa fusa. In applying any of these caustics the patient should

be either ana3sthetised in the first instance or, if it is to be a pro-

longed application, kept fully under the influence of morphia,

cocaine having been applied to the sore, and injected beneath it, so

as to diminish the pain. In using sulphuric acid, the commercial

acid is mixed up with sawdust to form a paste, which is applied, and
left on until the action is complete. Probably, in the case of a rodent

ulcer, from half an hour to an hour will suffice. Where potassa fusa

is used the action is very much more rapid, and must be carefully

watched ; and as soon as it is considered that sufficient has been

done, an application of vinegar will arrest the action of the caustic.
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Differential diagnosis.—The distinctions appertaining to the
syphilitic, tuberculous, epitheliomatous, and rodent ulcers are placed

in comparison with one another in the following table :

—

Tebtiart Syphilitic.

1. Present at any age.
Previous history of
syphilis.

2. Edges sharply cut,
not thickened ; often
healing at one side,

and spreading at
the other.

3. Surface smooth ; not
covered with
healthy granula-
tions.

i. May "be single or
multiple, and there
may he gummata
around. No gland
infection. Extends
fairly rapidly.

Tuberculous. Epithbliomatous.

Lupusheginsin child-
hood or young
adult life. Tuber-
culous ulcer se-
condary to ahcess
in glands, etc., at
any age.

In true tuberculous
ulcer edges thin,
undermined, pur-
plish ; no ten-
dency to heal. In
lupus soft break-
ing-down nodules
at margin and no-
dules around.

Surface soft, pale :

may be promi-
nent. Unhealthy
granulations.

Often enlarged
glands in vicinity

;

not necessarily
secondary to the
ulceration and
othertuberculous
disease else-
where. Course
sluggish.

In advanced life.

Very seldom be-
fore* thirty.

Edges raised, hard,
warty ; no ten-
dency to heal.

Surface hard and
warty,sometimes
sloughy ; and on
drying and
squeezing the
mass numerous
small white
points may be
seen.

Single. Usually

;

neighbouri u
glands enlarged
after three to six
months. Varies
in rapidity ; the
worst forms ex
tending quickly.

Usually old age.
Seldom before
fifty.

Edges hard, but not
usually markedly
raised ; sharply
cut.

Surface hard, de-
pressed, smooth

;

sometimes tem-
porary patches of
epithelium over
it.

Single usually ; very
slow in its pro-
gress. Glands
not enlarged, or
only very late.
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GENERAL CONSIDERATIONS.

Inflammation and gangrene.—In dealing with the final results

of acute inflammation at the stage of stasis and exudation, it is

mentioned that resolution might take place, that it might go on

to granulation, or that it might end in gangrene (page 60). In
discussing the subject of gangrene, however, we shall find that

only a very few cases result in this way, and that there are

many other causes which lead to the occurrence of death in a

part. Nevertheless, it is convenient to discuss the whole subject

here, because inflammation has to do with gangrene in a variety of

ways. In the first place, as I have said, it may be the direct factor

in its production as the result of extensive stasis in the blood-vessels.

In the second place, inflammation may be concerned in the extension

of the gangrene, more especially in the form of gangrene occurring

in old people and known as senile gangrene, where the inflammation

that occurs at the margin of the gangrenous part may of itself

lead to further extension of the process ; and in the third place

inflammation is associated with gangrene, and it is by means of the

inflammatory process that separation of the dead part takes place.

Definition.—By gangrene is meant death of visible portions of

the tissue, and this may result from many causes. The term is

generally only employed where the death of the tissue is extensive,

more especially where it affects part or the whole of an extremity.

Where the death of the tissue is limited to a small portion, say of

the skin, the process is spoken of as sloughing, and the dead piece

as a slough.

In considering the subject of gangrene, we have in the first

place, and as the most important point, to discuss its mode of pro-

duction and the various causes which lead to it. In the second place

we have to speak of the mode in which the gangrene extends ; and
in the third place of the mode in which the dead part is separated.

Classification.—The various forms of gangrene may be classified

either according to their clinical characters or according to their
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aetiology. Clinically, we speak of two forms of gangrene, namely,

moist gangrene and dry gangrene.

.ZEtiologically, we speak of three forms of gangrene, namely, (1)

direct gangrene, where tlie part which dies is the one which has

been immediately acted on by the noxious agent
; (2) indirect gan-

grene, where the death of the tissue takes place at some distance

from the cause which leads to it; and (3) specificforms of gangrene,

which are due to special micro-organisms.

Of these two classifications, by far the most important from a

practical point of view, especially from the point of view of treat-

ment, is the etiological, and I shall therefore base my description

on it. It will, however, save a good deal of repetition and make
the matter clearer if, in the first place, I describe the clinical

classification into moist and dry gangrene, and mention the chief

characteristics of these two forms. The terms "dry" and "moist"
express the essential clinical feature of the two types. In dry
gangrene the part which dies dries up, without any marked putre-

factive changes. In moist gangrene, on the other hand, death of

the tissue has occurred before the evaporation of fluid has gone
on to any considerable extent, and the result is that the essential

features of moist gangrene are the putrefactive changes in the dead
part as the result of the growth in it of various micro-organisms.

Dry gangrene.—This form is also spoken of as senile gan-

grene because it occurs more especially in old persons, seldom before

forty years of age. In this

form the dead part dries

up and becomes hard, the

fat becomes liberated from

the cells and infiltrates the

tissue, so that the surface

of the dead part becomes
greasy, while, as the result

of the fat soaking into the

skin, it becomes more or

less transparent, and ten-

dons and other structures

may be seen through it.

Dry gangrene spreads very

slowly, otherwise, of course,

the part would not be dry,

and it is generally due to

a somewhat gradual dimi-

nution in the calibre of the

vessels leading to the dying part. As the ordinary putrefactive

changes do not take place, the odour from the part is comparatively

slight, though there is generally a distinctly musty smell. This

form of gangrene usually begins in the lower extremity, especially

in the toes, and may appear spontaneously after some slight scratch.

It goes on very slowly. Sometimes months may elapse before a

F

Fis;. 24.—Case of Dry Gangrene (senile). The pro-

cess had gone on for about eight weeks before

the photograph was taken.
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toe is completely dead (Fig. 24). During that time the patient

complains much of pain, not only in the parts which are living, but
also in the parts which are apparently dead, the cause of this being

in the main that the nerves, especially the axis cylinders, are the

last structures to die. This pain leads to loss of sleep and the

gradual exhaustion of the patient. In the early stage the general

condition of the patient is usually good, but the pain keeps him
awake, so that he soon becomes pulled down, his pulse becomes
feeble, and he often dies of exhaustion.

Moist gangrene, on the other hand, progresses much more
rapidly, and there is not time for the Liquids in the part which dies

to evaporate. The consequence is that putrefaction takes place in

the dead tissue, and the chief symptoms are dependent on this

putrefactive process. Bullae form early on the surface, and contain

a dark fluid which has a very foul smell. By-and-by the epidermis

peels off, and a moist, foul-smelling surface is left behind. The part

is first reddish, and then passes through the various stages of green

to black. It also becomes very much swollen, due to the presence

in the tissues of gases produced as the result of this putrefactive

process. On placing the hand over the gangrenous part and press-

ing on it, one very often gets the sensation of crepitation from the

gases contained in the interstices of the tissue bubbling through the

fluid, and the soft parts soon become liquid and separate from the

bone as a slimy, foul-smelling, dark mass. Accompanying these

local appearances, the patient suffers from absorption of the poison-

ous products, and has fever, sometimes very acute, and of the asthenic

type, and he may die of the septic absorption or of exhaustion from
the continuance of the process.

The line Of separation.—In both cases when the gangrenous

process has come to an end, the part which is dead becomes separated

from that which is alive. This takes place as the result of inflam-

mation occurring in the living tissues at the point where the dead
and living parts join. The dead part acts as an irritant on the

living tissues in the vicinity, and leads to the occurrence of inflam-

mation, which goes on to the stage of granulation and ultimately of

suppuration, so that the dead tissues, which in the first instance

were directly continuous with the living, become separated from it

by a layer of granulation tissue, and subsequently become quite loose

from the formation in this granulation tissue of pus. Hence there

is at the point of junction of the living and dead tissue an area of

redness over the living tissues, which become swollen and present

the various signs of acute inflammation—of varying degree according

to circumstances—and very soon a furrow forms between the dead

and living parts which contains pus.

In the case of dry gangrene it is not at all uncommon for this

line of separation to commence at a comparatively early period, and
then the tissues which were previously alive on the proximal side

of the furrow begin to die, and a fresh line of separation again

forms higher up. This process may be repeated several times, so
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that months may elapse before the final line of separation appears.

The cause of this occurrence in the case of dry gangrene varies. In
the first place, the inflammation in connection with the separation

of the dead piece may be excessive and may lead to the death of

the tissues and further spread of the gangrene. In the second

place, the inflammation may not be excessive, but the vitality of

the tissues may be extremely low, so that they die as the result of

even a very moderate attack of inflammation. In the third place,

while the line of separation is being formed, the cause which led

to the original gangrene has extended, so that parts which were
formerly sufficiently supplied with blood are no longer so. This

is more especially the case where the gangrene has originated from
thrombosis of an artery which was previously diseased, and where
as time goes on the thrombosis extends, so that branches arising

higher up, which in the first instance kept up the supply of blood

to the parts in the immediate vicinity of the dying tissues, become
closed, and then the circulation in this part is arrested. And in

the fourth place, the extension of the gangrene, both in the dry and
the moist forms, may be due to certain specific organisms which
have entered and which complicate the process.

Treatment Of gangrene.—The great principle in the local treat-

ment in cases of gangrene is, in the first place, to prevent the occur-

rence of sepsis, if possible, and, in the second place, to permit and, in

fact, promote evaporation of the fluids contained in the dead parts.

In order to prevent the occurrence of sepsis in the part—which
leads, on the one hand, to septic poisoning and general disturbance

of the patient, and, on the other, to too violent an inflammation at the

line of separation, and to the consequent extension of the process—
steps should be taken to disinfect thoroughly the area which is about
to die. This is done in the usual way, which is described fully in

the article on Wounds (page 214) ; and in this case special care

must be taken thoroughly to disinfect the folds of the nails and the

parts underneath their points. When the part has been thoroughly

disinfected, it should be wrapped up in antiseptic dressings, more
especially in the cyanide gauze, used in the manner described

elsewhere (page 219), outside which is placed a layer of salicylic

wool. This dressing not only tends to prevent the occurrence

of sepsis, but also permits the evaporation of the fluids in the

tissues.

In both moist and dry gangrene the question of amputation

must be considered from the very commencement, and the answer
will depend on the cause of the gangrene, on the symptoms which

are present, and on the general condition of the patient. The ques-

tion of amputation or otherwise will be considered in speaking of the

various forms of gangrene according to their aetiology.

As regards the general treatment, it must consist in suitable

nourishment and the use of stimulants as the patient is in a weak
condition, the employment of various drugs to relieve the pain, more
especially the use of opium, and attention to the excretions.

f 2
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We may now pass on to the consideration of the different classes

of gangrene, as founded on the aetiology

THE VARIETIES OF GANGRENE.

1. Direct gangrene.—Under this head will be described (a)

gangrene due to crushing
;

(b) gangrene due to pressure
;

(c) gan-

grene due to acute inflammation ; and (d) gangrene due to heat or

cold.

(a) Gangrene due to cnisMng'.—The most common cause

of direct gangrene is a severe contusion or crush of the part, as, for

example, where a limb has been run over. In such a case the parts

which are directly subjected to the injury may be deprived of their

vitality at once, the vessels which supply them with blood being

entirely ruptured, and the whole tissue killed ; in such a case death

of this tissue is immediate. Injuries of this kind may, however, not

only lead to direct gangrene of the part which is subjected to the

injury, but may also lead to indirect gangrene of more distant parts.

For example, where the wheel of a heavy cart passes over a leg it may
not only destroy the tissues over which it passes, but may rupture

the blood-vessels leading to the lower part of the lirnb, with the

result that there is, in addition to the direct gangrene, death of the

foot and other parts. This form of direct gangrene is moist, because

the death of the part is immediate, taking place before evaporation

has occurred; but the constitutional symptoms and local appearances

after the death of the part will depend on whether one has been
able to render it aseptic or not immediately after the injury. If

one has failed to render it aseptic, or has not seen the case till

some time after the injury, there supervene the typical appearances

of moist gangrene already described. The part becomes black,

foul-smelling, with bullae on the surface and peeling of the epidermis,

while, at the same time, the patier*b is suffering from constitutional

disturbance, due to the absorption of the poisons which are being

formed there. If, on the other hand, the case be seen at once,

and efficient measures be taken to render it aseptic, the typical

local and constitutional signs of moist gangrene do not occur.

Although a considerable portion of the tissues may have died, no
putrefaction takes place in them, and consequently we have no
bullae, no foul smell, no liquefaction of the dead part, no crepitation,

no inflammation around, and no constitutional symptoms. The dead

part remains as a non-irritating body, and does not give rise to the

formation of a line of demarcation around. It becomes mixed up
with the blood clot which is effused from the torn vessels, and
by-and-by infiltrated with cells, which gradually destroy it, take its

place, and develop into fresh tissue. In fact, the progress of the

wound is the same as that which is described under healing by
blood clot (page 206). It may be that after a time a small portion

of the dead tissue comes away ; but there is, as I have said, no
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great sloughing, no extension of the gangrene, no inflammation

around, and no constitutional symptoms.

Thus, as regards the treatment of these cases, it is evident that

the first and by far the most important thing to do is to render the

injured part and the skin around aseptic, in the manner which is

described in the article on Wounds (page 214). The best dressings

to employ are the cyanide gauze dressings. It is well here, as in all

cases of gangrene, to avoid the use of ointments, so as to allow the

evaporation of the fluid and the drying up of the slough.

In cases where a very large portion of skin has been destroyed

as the result of the injury—as, for example, in the case of severe

lacerated wounds, where the skin may be torn off from the greater

part of an extremity—the question of immediate amputation will have
to be considered, and the old rule was that in these extensive cases

amputation was the best practice. Since the introduction of skin

grafting, however, this rule is not so imperative, and many cases

which would formerly have been amputated may now be treated

conservatively with satisfactory results. The chief reason for re-

commending amputation in former days was the great extent of the

sore which was left, and, apart from the septic risks, the difficulty

in getting healing of this sore ; further, if healing occurred the

great contraction which followed often rendered the parts beneath
absolutely useless, both from contraction of the joints and from con-

striction of the limb, leading to great oedema and deformity of the

parts below. With skin grafting, however, employed as soon as

possible, these difficulties, which essentially depend on the contrac-

tion of the granulations, may be to a very great extent avoided.

In cases where the injury has been such as to destroy the main
vessels or nerves leading to the distant parts, or to fracture the

bones badly, the question of primary amputation will have to be con-

sidered ; and formerly most cases of this kind were regarded as

demanding immediate removal of the limb. This rule also has

been much altered lately, on account of the possibility of avoiding

decomposition and septic risks, and the rule which we may now
follow is that we do not amputate at once unless we are certain

that the parts beneath must die as the result of the absence of the

circulating blood, or that they must become absolutely useless from
the loss of the nervous supply. In cases where these points are

doubtful, or where, although the local injury is very extensive, yet

the blood and nervous supply to the parts below is satisfactory,

one should delay amputation, and after thoroughly disinfecting the

region which has been injured, and placing the distal parts in the best

condition for recovery, by keeping them warm and elevating them
slightly, one may wait and see whether they are likely to recover and
be of use to the patient. If that be not the case—and it will become
evident in twenty-four or forty-eight hours after the injury—then am-
putation may be done, and there is this further advantage in delaying

the amputation, that the patient has time to recover from the shock

of the accident, for it not uncommonly happens that when primary
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amputation is performed, the shock of the operation superadded to

the shock of the injury, leads to the death of the patient. Of course,

if the attempts at rendering the injured parts aseptic be not suc-

cessful, then we are brought face to face with the various septic

dangers in addition to the dangers resulting from the injuries of

vessels and nerves passing to the parts beyond, and we have to fall

back on the old rules on this matter ; but even then the sepsis is

usually not declared till twenty-four or forty-eight hours have
elapsed, during which time the patient has recovered from the

primary shock. One must also, in considering this question of

amputation, take into account the general condition of the patient

;

his age ; the advisability of subjecting him to the long treatment

in bed which may be necessary where we have an extensive wound
and where we would otherwise decide to attempt to save the limb

;

and the condition of the kidneys, especially as to whether the

patient is the subject of albuminuria, or of diabetes. In the latter

instance, the cases in which attempts may be made to save the

limb are fewer than where this condition is not present.

(b) Gangrene due to pressure.—Another cause of direct

gangrene is continued pressure on a part, and this is a very import-

ant point to remember when one has to place the patient in the

same position for a long time. In such cases the parts which are

subjected to pressure are very apt to die, more especially the skin

over the sacrum, and, indeed, over any prominent projections of

bone which may press either on the bed or on the splint ; in other

words, we have to do with the condition known as bed-sore. One
must bear in mind the chance of bed-sores in these cases, and be

on the outlook for them, and if possible anticipate their occurrence

by proper treatment.

As to the various means of avoiding the occurrence of bed-sores,

the first thing is to vary the pressure so that it shall not always tell

on the same point, and this may be done by altering the position of

the patient or of the part. In addition to varying the pressure, it

should be distributed. Where bed-sores over the sacrum are feared

the patient should be placed on a water-pillow, so as to distribute the

pressure equally over a large surface. In using a water-pillow, great

care must be taken that a proper quantity of water is introduced

into it. If too much water be present the pillow becomes hard and
causes as much pressure as if it were not employed, whereas, on
the other hand, if too little water be introduced, the patient is not

properly floated up, and the part comes in contact with the bed

;

hence the rule is to put in just sufficient water to keep the patient

floating. Another great point in the avoidance of bed-sore is to

keep the part which is subjected to pressure thoroughly dry. The
patient should be turned over once or twice a day ; the region of

the sacrum should be carefully washed and thoroughly dried, and

then it is well to sponge the part with some stimulating fluid, that

generally employed being spirits of wine. This is allowed to dry on

the skin, which is then powdered, either with starch or other
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powder. The best, I believe, is powdered boracic acid, whick
is quite soft, and being to a certain extent antiseptic, prevents the
decomposition of any fluids which may accumulate there, and, as a
matter of fact, it is the decomposition of the fluid rather than
its mere presence which is of serious import as a factor in the pro-

duction of bed-sore. Then, of course, the nurse must be careful

that the sheet under the patient is absolutely smooth, that there

are no wrinkles or turns of bandage passing over the part which
is subjected to pressure. Some prefer, instead of the alcohol

and powder, a stimulating ointment, more especially an ointment
consisting of equal parts of balsam of Peru and resin ointment,

which is both stimulating and antiseptic ; but I believe what I have
already described is the best method, more especially as it enables

one to see the condition of the part at any time.

When a bed-sore has once formed, the reduction or avoidance of

the pressure over the part, and the other measures just described,

should be most carefully seen to, and every effort should be made
to keep the surface as aseptic as possible. From the situation of

these bed-sores there is but little chance of converting the slough

into a dry one, and, therefore, I should in this instance depart from
the general rule which I have laid down as to applications to parts

which are becoming gangrenous, namely, to avoid oily substances,

and employ as a dressing either balsam of Peru or, what is perhaps

more convenient in many ways, eucalyptus ointment. Where a bed-

sore has once formed, it is perhaps best to use a circular water-

or air-pillow in preference to a square water-pillow, because, by
means of the circular pillow, pressure over the bed-sore is absolutely

avoided.

(c) Gangrene due to acute inflammation.— Another
cause of direct gangrene is acute inflammation. There are certain

cases where the result of an acute inflammation is the death of

the part which is the seat of the inflammation, apart from the

killing of the tissue by the poisons of the micro-organisms which
are producing it. This is a distinction that must be carefully

made. In certain cases organisms growing in the tissues directly

kill the tissue in which they are growing, essentially by virtue of

their poisonous products, and this is the way in which certain

organisms produce the specific infective forms of gangrene. In
other cases, however, while the organisms produce an acute in-

flammation, they do not directly destroy the vitality of the tissues

;

but the latter die as the result of the acuteness of the inflammatory

changes, more especially as the result of the extensive occurrence of

stasis, or of excessive exudation pressing on the vessels from outside

and preventing the circulation through them. This form of gangrene,

resulting from arrest of the circulation in consequence of a violent

inflammation, occurs especially when dense tissues are attacked,

and the best examples of it are boils and carbuncles in the skin

and death of portions of bone where the bone and periosteum
have become acutely inflamed. In the latter case the type oi
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the inflammation is a very acute one, and goes on rapidly to the

formation of pus, and is spoken of as acute suppurative periostitis

or osteomyelitis. In these circumstances, the exudation from the

vessels, both of fluid and of cells, is very marked, and if the vessels

be contained in rigid canals in the bone, the exuded material fills

up the canals and compresses the vessels that are running through

them. Hence, as the result of acute suppurative periostitis or

osteomyelitis, the vessels of the bone over a very considerable area

are compressed, while at the same time the periosteum is detached

from the surface of the bone by the exudation, and the vessels

passing to it from the periosteum are torn across or blocked.

Thus a large area of bone may become entirely deprived of circula-

tion and die. The condition of acute necrosis is described in its

proper place. (Art. XXX.)
In the skin, also, acute inflammation affecting the dermis,

especially when commencing in connection with the hair follicles,

is very apt to lead to death of portions of the skin for the same
reasons as in the case of bone, and we have the condition known as

boil, where there is an acute inflammation of the dermis, and death

of the portion forming the core of the boil ; or as in the case of

carbuncle, where this inflammation is much more extensive, and
where we have either one large slough of the dermis or a number of

small ones, in fact, a congeries of boils. That the formation of the

slough in boil and carbuncle is essentially due to the density of the

tissue in which the inflammation is occurring, and not to destruction

of it by poisons secreted by the micro-organisms, is evidenced by
the fact that in young children, where the skin is quite thin,

inflammation starting in the same parts, which in adults would lead

to the formation of a boil, causes in them small abscesses without

any sloughing of the tissue. Boils and carbuncles are discussed in

Art. XXVIII., in connection with Diseases of the Skin.

(d) Gangrene due to heat or cold.—A fourth great cause

of direct gangrene is the effect of heat and cold. Burns and scalds

are dealt with in a separate section (Art. XII.), and I need therefore

only refer to the effects of cold in the production of gangrene. Where
cold produces gangrene, the parts affected are generally those most
distant from the heart, more especially the toes (the great toe in par-

ticular), the fingers, the nose, and the ears ; and in addition the people

generally attacked are those who are in a weakly condition, either

aged people, or infants, or drunkards. In the causation of gangrene

as the result of cold, wet cold is worse than dry cold, and in fact a

great degree of dry cold can be well borne provided there be no
wind, but if there be wind playing on the part, even although the

temperature is only a little below freezing, we may have all the

troubles characteristic of frost-bite.

The first effect of cold is to cause contraction of the blood-vessels

and slowing of the circulation, so that we have the well-known

blueness of the parts which are exposed to cold. This contraction

of the blood-vessels may go on to their complete obliteration, and
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the part become white ; and if the cold have been continued for any
considerable length of time, and the patient be then exposed to

warmth, the vessels become greatly dilated, and stasis and thrombosis

occur both in the parts affected, and sometimes also in the internal

organs. Apart from the effects on the vessels, the vitality of the

tissues themselves is very much diminished, and they are thus still

more predisposed to the occurrence of gangrene.

Various other changes have been described as the result of the

action of cold, which may also have to do with some of its after

effects. For example, it is stated that rupture of the vasa vasorum
occurs, leading to imperfect nutrition of the blood-vessels and
interstitial hemorrhage. Changes have also been described in the

nerves in the form of neuritis of an ascending character, and of

degeneration of the nerve tubules, and these changes may to some
extent explain the atrophy of the muscles, and, which is a

striking after effect of exposure to cold, the formation of trophic

ulcers, etc.

As to the symptoms of excessive cold, we have both general and
local effects. The general symptoms when a patient is exposed to cold

air are, in the first place, increase in the rapidity of the circulation,

increase in the pulse-beat, and a slight rise of temperature ; but as

the exposure to cold continues, the temperature falls, an irresistible

drowsiness comes on, the gait becomes staggering, respiration

difficult, pulse slow, the patient lies down and soon passes into a

state of coma and dies.

As regards the local effects of cold, there are three degrees of

frost-bite, the first two being the same as the first two degrees of

burns ; and the third including the other forms or stages of burns.

(See page 252.)

In the first degree the part after exposure to cold becomes of a

bright or dark red wine colour. This redness can be pressed away
with the finger and is slow in returning, in fact the circulation

through the part is much slower, and in addition the vessels of the
part are dilated. The skin in this region swells and becomes cede-

matous, and if exposed to heat there is intolerable itching. This

effect will pass off in a few days if there be no further exposure to

cold, but if it be repeated, the condition becomes chronic and we
have the production of chilblains, which will be described in the

article on Diseases of the Skin.

In the second degree of frost-bite we have, in addition to this con-

dition of erythema, the formation of blisters upon the surface of the

skin, which contain bloody fluid and which are frequently followed by
rapid ulceration, and thus as a second result of cold we may have
an acute spreading ulcer which is atonic and very slow in healing.

In other cases, where the affection is more chronic, we have the

condition of ulcerating chilblains, where the swollen cedematous skin

cracks and forms shallow fissures covered with crusts. These fissures

go on enlarging, forming obstinate ulcers, especially in strumous
children and in those who wear tight boots.
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The third degree of frost-bite is marked by tlie death of various

portions of the tissue, more especially of the skin and subcutaneous

tissue. The skin becomes livid and marbled, large bulla? containing

rusty-coloured serum form on the surface, and sloughs appear, which
are dry, white, or black. This stage of cold is most usually the

result of sudden exposure of the cold part to warmth, which leads to

thrombosis of the vessels, or at any rate to violent inflammation of

the part and death of the whole limb. In this condition there may
be no general disturbance at all, but in some cases albuminuria

appears, and there is a general septic infection.

Before considering the treatment of frost-bite, we must in the

first place refer to the measures necessary to avoid its occurrence.

Of these the most important is the wearing of warm clothing, par-

ticular attention being paid to the exposed parts of the body, so

that they shall remain warm, and free from pressure. The diet

should contain a large quantity of fat, and alcohol should be avoided

as much as possible. Further, the parts should be kept thoroughly

dry, for, as I have just said, wet cold is worse than dry cold, and
any one who walks about with cold and wet feet is very apt to

suffer from chilblains.

Where a patient has been exposed to cold, one must attempt to

avoid the effects of frost-bite, and more particularly one should be

very careful not to apply heat too quickly. If the extremity has

been exposed to cold, the most that ought to be done in the first

instance is to rub the parts with snow or cold water, and, above all,

not to bring the patient into a warm room, otherwise inflammation

is sure to occur, and very possibly also extensive thrombosis of the

blood-vessels. The patient should be kept in a cold room, and as he

recovers dry friction should be employed, and at the same time he
should have cold drinks with very little alcohol. As he gets a little

warmer the drinks may be warm, and he may then be brought into

a room of moderate temperature.

The chief characteristic of gangrene resulting from cold is the

slowness with which it spreads. Its tendency is to become a dry
gangrene, and the line of separation being slow in forming, it is, as

in senile gangrene, very apt to prove abortive, and the gangrene

spreads beyond it, owing to the gradual obliteration of the vessels

above. In the case of gangrene after cold the main question to be

considered is that of amputation, and the usual rule is not to

amputate in these cases, but to wait for a line of demarcation,

because we cannot tell how far the gangrene will extend, and some,

indeed, not only wait for a line of demarcation, but even leave the

part to drop off. While I quite agree that a line of demarcation

should be waited for, on account of the difficulty that we have in know-

ing how much of the tissue is going to die, I should say that once

we have a clear indication of the line of demarcation, and once it is

evident that we have not to do with a superficial slough of the skin,

amputation should be performed as soon as possible at a little

distance above that line. The rules, in fact, must be modified under
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the influence of asepsis, very much in the same manner as the rules

with regard to the treatment of senile gangrene.

2. Indirect gangrene.—The forms of gangrene which are due
to indirect causes are several, and for the sake of clearness we may
subdivide them into four groups :

—

(a) Gangrene due to gradual
diminution in the calibre of the blood-vessels, (b) gangrene due to

some sudden obstruction of the blood-vessels, (c) gangrene due to im-

perfect innervation, and (d) gangrene brought about by certain

general causes, such as diabetes, acute fevers, the use of ergot, etc.

(a) Gangrene due to gradual diminution in the calibre
of the blood-vessels.—The typical form of gangrene due to this

cause is that known as senile gangrene. This form rarely occurs

before the age of forty, and is most usual in persons of sixty and
upwards. The patients are men much more often than women ; in

fact, the proportion is something like twenty men to one woman,
and this is probably due to the fact that atheromatous disease of the

arteries is much more common in men than in women. Senile

gangrene is in the first instance unilateral, and more especially

attacks the feet and the toes, and only very rarely the fingers or the

ears. The causes of senile gangrene are various diseases which
produce gradual diminution in the calibre of the blood-vessels leading

to the part, more especially conditions which lead to endarteritis, for

example, alcoholism. A patient who is always drinking is very apt

to suffer from chronic endarteritis, because the alcohol circulating

through the blood irritates the lining membrane of the vessels, and
is said in the first instance to cause endarteritis and blocking of the

vasa vasorum, and then later to lead to atheroma in the main
arteries, the thickening of the wall of the vessel in the case of

alcoholism being usually uniform all round.

A second cause leading to the production of senile gangrene is

syphilis, which leads especially to endarteritis of the smaller vessels;

in fact, this is one of the chief occurrences even in the very earliest

stage of syphilis.

A third great cause of senile gangrene is atheroma of the arteiy,

which is, in fact, a chronic inflammation of the deeper parts of the

internal coat, and which is again due to syphilis and to a variety

of causes that seem to arise in old age. In the typical athero-

matous vessels the thickening of the lining coat is irregular, and
very often affects only one side or part of the side ; and in connection

with the atheromatous change in the smaller vessels not only is the

calibre of the vessel diminished by the projection into it of the

thickened patches of atheromatous material, but the disease is apt to

extend to the muscular coat, leading to calcification of this coat, and
thus to permanent rigidity of the vessel. Hence the smaller arteries

are converted into calcareous tubes, which cannot dilate or contract

in accordance with the needs of the tissues below, and the calibre of

which is very much diminished from the irregular thickening of the

internal coat ; and a further effect of this condition of atheroma or of

endarteritis is that coagulation of the blood is apt to occur in these

r* 2
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vessels, and thus complete blocking of the vessel may result, and
once this has taken place the thrombosis may extend up the vessel,

and progressively cut off the supply of blood to distal parts.

This condition of the vessels leads to certain symptoms which
precede the appearance of gangrene, and which are essentially due
to imperfect supply of blood to the part beneath. Thus, one of

the chief complaints of the patient, even long before the senile

gangrene occurs, is the great coldness of his feet, which is not re-

lieved by any application of warmth. He also complains of per-

verted sensations in his feet, due to imperfect supply of blood

to the nerves. Thus he suffers much from tingling in the feet,

and does not feel the ground properly when he walks, and feels

in fact as if there were something soft between his feet and the

ground.

When a patient comes complaining of these perverted sensations

and coldness, examination of the blood-vessels will almost always

show that they are rigid tubes instead of being compressible, and
that there is little or no pulsation in them. Where these symptoms
are present, one must be on one's guard against the occurrence of

senile gangrene, and must take measures to prevent, or at any rate

to delay, its occurrence as much as possible. In the first place, the

patient may try to keep the feet somewhat warmer, but great care

must be taken not to apply too much heat. For instance, if the

feet were placed in a bath at a temperature of 100° or more, in

the normal condition the blood-vessels would dilate, and a large

quantity of blood be carried to the part ; but in this condition the

vessels cannot do so, and the only effect of such excessive warmth
will be to weaken the vitality of the tissues. Hence the temperature

of the bath should not be higher than 90° to 94°, and in addition to

this friction of the limb must be employed. Then the patient must
be especially cautioned against any injury to his feet. He must
not wear tight boots, and he must avoid any scratches or other

injury ; for example, he must take great care in paring his nails

not to wound the skin, and he must be specially careful if he has

corns.

The further history of the case (where these preliminary

symptoms have appeared) is that the patient gets a wound on
his foot or toe, or a blister from too tight boots, or from walk-

ing too much, and this becomes inflamed, and the inflamed part

dies. Once the gangrene has started it goes on very slowly,

and it may be months before more than the toes die, and in

the process of death the tissues dry up and we have the typical

appearances previously described as characteristic of dry gangrene.

(See Fig. 24.) The patient for some time remains in a very good

state of health, and his great complaint is the pain which he suffers,

and which may be intense. This pain is partly due to imperfect

supply of blood to the nerves, partly to neuritis, and partly also

to the fact that the axis cylinder of the nerves is one of the last

structures to die, and consequently in a part which is already de^d
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the living axis cylinder may still be present and give rise to this

intense pain. As the result of this pain the patient becomes sleep-

less, and after a time his pulse becomes feeble, and he is very rest-

less. If the disease be allowed to run its course, the patient may
ultimately die, being worn out by the pain and want of sleep, or

some septic disease may develop at the line of demarcation. As I

said before, in speaking of dry gangrene, the line of demarcation
forms very slowly, and the death of the tissue is very apt to re-

commence as the result of the various causes which have already

been enumerated. Ultimately, however, if the patient live, the

process will come to an end either after the death of a few toes or

of a portion of the foot, and the dead parts may gradually drop
off, leaving the bones and other tissues exposed. In some cases

when a line of demarcation forms, the inflammation may be pretty

acute, and there may be a good deal of exudation into the part,

leading to the occurrence of moist gangrene.

Once it is evident that gangrene is about to occur, the first

essential in the treatment is to disinfect the parts thoroughly,

special care being taken in the disinfection of the nails and the

parts surrounding them, and then, having thoroughly disinfected

them, they should be wrapped up in antiseptic gauze, with a

thick layer of salicylic wool outside, and the limb should be placed

in a slightly-elevated position. This dressing permits evaporation

of the fluid from the tissues, which is a point of great importance,

because one wishes particularly to avoid the occurrence of moist

gangrene, more especially if one be not sure of the asepticity of the

tissues. Some surgeons apply ointments of various kinds, or car-

bolic oil or other greasy dressings ; but as I have already pointed

out, the use of such dressings is not advisable, because they inter-

fere with the drying up of the tissues.

In addition to these local measures, the patient's strength must
of course be supported by a generous diet and fresh air, and above
all steps should be taken to relieve his pain, more especially by
the free administration of opium. Indeed, apart from the relief

gained, opium in large doses seems to have a very considerable

action in arresting the progress of the disease in certain cases.

At an early period also the question of amputation must be
carefully considered. The old rule with regard to this point in

cases of senile gangrene was that amputation should never be

performed, but that the part should be allowed to drop off, the

utmost that should be done by the surgeon being to snip through

dead tendons or dead pieces of bone, and on no account to interfere

with the living tissues. The reason for this was that before the

antiseptic period acute inflammation almost always—to some extent,

at any rate—followed amputation; and if inflammation occurs in

these weak tissues, it is very likely indeed to lead to sloughing of

the flaps and more rapid progress of the gangrene, which then in

reality becomes a moist gangrene. At the present time, however, we
can avoid this inflammatory disturbance, and therefore the rules as
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regards amputation in senile gangrene are completely altered. In
fact, in my opinion, one should in the great majority of cases of

senile gangrene recommend early amputation. By operating at an
early period the patient's strength is not worn out by continued

pain and loss of sleep, and he is in a very much better condition to

survive the operation than if it be delayed to a later period. The only

difficulty is that one does not know how far the process will extend;

but, as a rule, this can be judged of by ascertaining the point at

which the pulsation in the main vessels ceases, and if one cannot

ascertain this, then the best place for amputation in most cases is

the knee joint. Indeed, even if one found that pulsation was going

on lower down, it is a question, which must be decided in the

individual cases, whether one should not still amputate at the knee
joint.

(b) Gangrene due to some sudden obstruction of the
blood-vessels.—This may be the result of some pressure out-

side the blood-vessels, of rupture of the blood-vessels, or of some
blocking in their interior. Examples of gangrene due to pressure

outside the blood-vessels are furnished by the application of tight

bandages, where the parts below subsequently swell; for instance,

where a fracture of the fore-arm is put up with the arm in the

extended position, a turn being taken above the elbow to keep the

splint from slipping off, and where the arm is then bent at right

angles so as to place it in a sling. In such circumstances this turn

above the elbow will become too tight, and, as I have seen in one

case, will lead to gangrene of the whole of the fore-arm,

Another example is furnished after fracture, where, if the bones

be not brought into proper position, one of the broken ends may
press on the blood-vessels, and prevent the flow of blood to the parts

below ; or, again, in connection with the fracture there may be
rupture of the blood-vessels, diminishing the supply of blood to the

extremity, and, in addition, the effused blood collecting in the tissues,

presses on the other vessels, and so completes the obstruction.

Again, we have the effect of a ligature applied around the vessels, in

parts of their course where there is but little collateral circulation.

This is chiefly seen after ligature of the third part of the axillary

artery, of the brachial artery, or of the external iliac. This is,

however, a rare cause of gangrene, because even in the examples
mentioned there is usually sufficient collateral circulation. It is gene-

rally held to be particularly dangerous if, at the same time that the

main artery is tied, the circulation through the vein be interfered with

either by pressure or by ligature ; but I must confess that I do not

feel confident as to the danger of this occurrence. I have removed
both the axillary artery and vein in operating for cancer in the

axilla without gangrene following in the arm, although the axillary

artery is one of those in which the collateral circulation is most
inefficient.

Of the causes in the interior of the artery, which lead to gan-

grene, the essential one is the occurrence of embolism, which is, of
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course, followed by thrombosis, and which may lead to blocking of

the artery over a very considerable area.

Where the obstruction is arterial alone in the first instance—for

example, after ligature of an artery—the first thing that is noticed

is that the limb below becomes white from the absence of blood.

By-and-by it assumes a dark livid colour, and then the various

changes already described as characteristic of moist gangrene follow.

If the cause be an embolism of the artery, we have, in addition to

the sudden whiteness of the limb, violent pain at the point where
the embolus has been arrested, and this is a very valuable sign as

showing us where the block has occurred. On the other hand, if

there has been venous as well as arterial obstruction at the com-

mencement, the part below becomes cedematous and dark.

The treatment of this form of indirect gangrene depends, in the

first instance, on whether the block is purely arterial or purely

venous, or both. If it be purely arterial, one must wait for

twenty-four or forty-eight hours, in order to see whether and
how much collateral circulation may be established, because, as a

rule, the greater part, and even the whole of the parts below may
recover. Once one is sure how much is going to die, and this will

be evident in twenty-four to forty-eight hours, one should then
amputate, because there is no necessity for waiting for a line of

demarcation. As to where to amputate, that must depend on the

anatomy of the arteries, because it is not necessary in all cases to

amputate as high up as the seat of obstruction. For example, after

ligature of the superficial femoral artery we know that the profunda
will supply the tissues quite satisfactorily down to well below the

knee, and in such a case it is not necessary to amputate higher than
through the condyles of the femur. It is generally laid down that

in a case where the gangrene is dependent on venous blocking, or on
blocking of both artery and vein, one cannot expect any recovery,

but should amputate at once.

(c) Gangrene due to imperfect innervation.—Where a

limb is paralysed, one constantly sees that the nutrition is deficient

—for example, in infantile paralysis—and such limbs are especially

liable to the formation of bed-sores and gangrene from pressure. It is

often assumed that this tendency is due to the fact that the patient,

not feeling properly with the limb, rests longer on the part than he
would if it were not paralysed ; but this is not altogether the case,

for in hemiplegia, where the patient is lying absolutely still, he

is extremely liable to suffer from bed-sores, which are worse on the

side that is paralysed than on the other. Again, if extension be

applied to a paralysed limb and to a sound limb, one is much more
liable to get sloughs under the extension plaster on the paralysed

side than on the other. The gangrene that occurs in these cases of

paralysed limbs generally comes on very quickly, is moist, and is

often spoken of as an acute bed-sore ; hence it is very important to

remember that pressure is more liable to cause gangrene in parts

which are paralysed, and that in such circumstances pressure
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should be avoided as far as possible. The limb should be kept warm,
and if sloughing does occur, it should be treated like a bed-sore.

There is another form of gangrene in connection with nervous

derangement which it is of importance to consider very shortly,

namely, what is termed "symmetrical gangrene," or Raynaud's
disease. The term " symmetrical gangrene " at once brings out one
great point, namely, that it occurs on both sides at the same time,

thus differing from senile gangrene, which in the first instance is

unilateral. A further difference from senile gangrene is that it more
often affects the fingers than the toes, and again, that it is much
more limited both in extent (generally not reaching beyond the

phalanges) and in depth (seldom going deeper than the skin) ; and
further, in Raynaud's disease the blood-vessels are normal, whereas
in senile gangrene, as has been already pointed out, they are

thickened and hard.

This affection is not a serious one, and chiefly occurs in women
between eighteen and thirty years of age who are highly hysterical,

and it is most probably associated with uterine or menstrual troubles.

It is often developed by cold, and hence is most commonly met with

during the winter months. It is supposed to be due to spasm of the

arterioles reflexly from the uterus.

The phenomena of Raynaud's disease must be divided in the

first place into those which precede the gangrene, and which may
or may not be followed by gangrene ; and in the second place

the gangrene itself. The phenomena which precede the gangrene
are of two kinds : the one set is spoken of as local syncope, where
the arteries become contracted and the fingers become white.

As the result very often of a sudden mental shock, the patient's

fingers become quite white and lose their sensibility, so that one
might push a needle into them without causing pain or leading to

bleeding. They are very cold, and generally one or two fingers are

contracted, the condition being more or less completely symmetrical.

This attack lasts a few minutes to a few hours, and then may pass

off, the attacks recurring generally two or three times in the course

of the year. When the condition passes off, the fingers become red

owing to dilatation of the blood-vessels. In some cases, during this

stage, the fingers, instead of being dead white, are slightly livid.

The second form is that which is spoken of as local asphyxia, in

which the circulation of the blood is not completely arrested, but
goes on extremely slowly, so that the blood in the part is practically

entirely venous blood ; hence the fingers become livid and look as if

they had been dipped in ink. This condition is accompanied by
some swelling of the fingers, with shooting or burning pain. It may
last for a day or two, and may or may not lead to gangrene.

If it persist, we have the final stage of Raynaud's disease,

namely, the gangrene. The darkness of the fingers continues for

some days, the pain and other symptoms increase, and there may
probably be the formation of small bulla? on the fingers ; indeed,

one might think that the patient was going to lose all his fingers.
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Ultimately, however, the circulation improves very much, and, as a
rule, as a final result, only a very small dry slough separates. The
whole process is very slow, and takes from the commencement of the
gangrene to the separation of the slough from twenty days to ten
months—on an average, three or four months. This disease is very
apt to recur, more especially during the winter season.

As to treatment, the first essential is to remedy any uterine

trouble which may be present, and to improve the general condition

of the patient's health. As regards local treatment, chief dependence
is placed on the employment of warmth, keeping the fingers in

warm baths for some hours, and afterwards wrapping them up in

warm cotton wool. Some say that they also obtain benefit from
placing the hand in electric baths. If sloughing be likely to take
place, then the treatment must be carried out on the ordinary lines,

and antiseptic dressings must be employed. In no case is amputa-
tion necessary.

(d) Gangrene due to certain general causes.—Of these,

I need only mention three, namely, gangrene in connection with
diabetes, gangrene after acute fevers, and gangrene following the
use of ergot, and of these, gangrene in connection with diabetes is

much the most important.

There are two modes in which diabetes may be related to gan-

grene : (1) we may have the death of the part directly dependent on
the presence of diabetes, or (2) we may have gangrene from some
other cause taking place in a patient who is diabetic. The term
diabetic gangrene is limited to the gangrene which is more or less

directly dependent on diabetes. In cases where gangrene occurs in

diabetic subjects, the course of the disease is generally very markedly
modified in that it spreads with greater rapidity, there is more
inflammation around the gangrenous part, and the gangrene, though
often dry in the first instance, tends to become moist.

As to the pathology of gangrene dependent on diabetes, it

is found that in these circumstances the vessels have become
thickened, owing to the occurrence in them of endarteritis ; and
this is explained by the fact of the sugar or its precedent chemical
substance circulating in the blood and causing irritation of the lining

membrane of the vessels. The second effect of diabetes in the pro-

duction of gangrene is that the tissues of the diabetic individual are

weak and less able to resist injury than healthy tissues, and are more
especially less able to resist the entrance of pyogenic organisms,

which appear to grow with special rapidity and virulence in the

tissues of such persons. A third point which is stated by some is

that in diabetics the innervation of the part is interfered with, as

the result of central nervous disturbance.

The characteristic of the diabetic gangrene is that it is more
acute in its progress than other non-specific forms of gangrene not
due to immediate obstruction of the circulation, and that it is

accompanied by an excessive amount of inflammation, and results

in extensive sloughing of the skin. It is practically always a moist
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gangrene, and the characteristics are those already given, with, in

addition, the greater inflammation about the line of separation and
the more acute spread of the disease, to which I have just referred.

The general condition of the patient is bad. He is generally in an
asthenic condition ; and if left to itself the disease almost always

terminates fatally, either from septic complications, from diabetic

coma, or from exhaustion.

As regards the treatment, one must especially warn diabetics

to be very careful to avoid any injury, lest an acute inflammation,

and very probably a gangrenous inflammation, should result. More
especially they should avoid injuries to the feet, the wearing of tight

boots, etc. Next, the general condition should be attended to, and
they should be placed on anti-diabetic diet, that is to say, should

avoid substances which will tend to the production of sugar,

sugar itself, and all starchy foods, potatoes, etc. ; they should

live generally on animal food, eggs, fish, milk in moderation,

and very small quantities of greens. As to bread, they should

either have stale bread or toasted bread, or, still better, the

special biscuits and loaves which are made for diabetic patients, the

most palatable of which are the almond biscuits. Further, if a

diabetic patient does sustain any injury, one must be particularly

careful in the antiseptic precautions, so as to avoid the entrance of

micro-organisms. Once the gangrene has occurred, opium should

be employed in large quantities, or still better than opium is codeine,

which is said to diminish the irritability of the afferent nerves of

the liver. Codeine is given in the first instance in quarter-grain

doses three times a day, and this may be increased up to five grains.

Once the gangrene has occurred, one must at an early period

consider the question of amputation. Formerly the rule was not to

amputate in cases of diabetic gangrene on account of the great

tendency to inflammation and suppuration in the stump, to the

extension of the gangrene, or to death from diabetic coma. Here
again, however, the rules have been completely altered by the

employment of antiseptic measures, and from recent work it seems
quite evident that the best treatment in the great majority of cases

is as early amputation as possible. By strict asepsis, the inflamma-

tion in the stump is avoided, septic troubles are prevented, and
gangrene does not occur if the amputation has been performed
sufficiently high up ; and as regards the question of diabetic coma,

the patient is really not more liable to its occurrence after amputa-
tion than he is during the course of the diabetic gangrene.

As to gangrene after acute fevers, this especially occurs after

typhus and typhoid fever, and here the gangrene attacks the

extremities and the parts farthest from the heart, namely, the toes,

nose, ears, and sometimes the fingers. This form of gangrene is

supposed also to be due to the occurrence of endarteritis and
thrombosis. In some cases, however, it is due to embolism. The
disease generally commences during the period of convalescence.

The type of gangrene is of the dry variety, it is unilateral, and the
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treatment should be in the first instance to disinfect the parts and
wait for a time before amputating, on account of the weak condition

of the patient.

Thirdly, as a general cause of gangrene we have the use of ergot.

This form of gangrene sometimes occurs in epidemics, in certain

regions, or in certain families, and this is due to extensive infection

of the rye in the district with the claviceps purpurea, and to the

patients eating large quantities of this infected rye. The early effect

of ergot is to produce a tetanic contraction of the smaller blood-

vessels, and if this condition be kept up for a long time, it may end
in gangrene, more especially of the extremities. Preceding the

occurrence of gangrene, the patient suffers from diarrhoea, buzzing

in the ears, hyperesthesia, cramps, coldness of the extremities,

diminished arterial pulsation, etc., and this condition may or may
not go on to gangrene. If the condition be recognised, the use of

the infected rye bread should be stopped, large quantities of coffee

should be given, and friction applied to the affected extremities.

Where gangrene occurs, it usually attacks men between thirty

and forty years of age much more often than women, the supposed

reason being that men drink more than women, and are consequently

liable to have a certain amount of endarteritis and atheroma,

which, in combination with the spasm of the arterioles, is apt to

end in gangrene. This form of gangrene is dry, but in certain

cases it may be moist ; and as regards its extent, it may vary from
the loss of a nail to the loss of a Hmb. As regards the treatment,

one must wait for the line of demarcation, because it is impossible

to decide how much of the tissue will die.

3. Specific forms Of gangrene.—In former days a variety

of gangrenous processes attacked wounds, as the result of sepsis

occurring in them. These are seldom or never seen now. It will

probably be sufficient if we speak of three forms of specific gangrene,

namely, (a) acute traumatic gangrene, (b) phagedena, and (c) can-

crum oris or noma.
(a) Acute traumatic gangrene.—This is a form which attacks

wounds, and is due no doubt to the growth of bacteria in the tissues.

The wounds which are more especially attacked are those which have

been soiled with earth or dung, and the disease begins very soon

after the accident, usually about the second or third day, and before

granulation has occurred. The organisms that are at work in

producing this form of gangrene, have not yet been isolated, no
doubt on account of the great rarity of this trouble at the present

time ; but judging from the experimental evidence based on the

study of organisms, producing somewhat similar processes in the

lower animals, there seems little reason to doubt that they must
belong to the class of bacilli and also to the class of anaerobes.

These organisms spread into the tissues with very great rapidity,

and cause their death, no doubt in the main as the result of the

poisons which they produce, possibly also to some extent as the

result of the violent inflammation and extensive stasis that are set up.
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(See Fig. 7.) Among their products are large quantities of gases,

chiefly hydrogen and carburetted hydrogen, and the great charac-

teristic of this form of gangrene is the very rapid development of gas

in the tissues. Of the organisms that produce somewhat similar

effects in the lower animals, we have that known as the cause of

symptomatic anthrax in cattle, which leads to the rapid development
of crepitating swellings, and, if the animal live long enough, to

extensive sloughing (page 46). We have also the bacillus that pro-

duces the disease known as malignant oedema, which no doubt must
be closely allied to that causing this acute traumatic gangrene. In
the case of malignant oedema—which, by the way, also attacks man
and has occurred in several instances after subcutaneous injections,

more especially of musk, in which it seems to grow very readily

—

the disease is due to a long bacillus which is an anaerobe, and which
grows with great rapidity in the subcutaneous tissues, causing

enormous swelling of the part from the presence of cedematous

fluid, and within a very short time the death of the patient or the

animal. This bacillus of malignant oedema can be also obtained from
garden earth, and if portions of garden earth be introduced under
the skin of guineapigs, a considerable proportion of them will die

of malignant oedema after two or three days. (See page 46.)

The course of acute traumatic gangrene is generally very rapid,

averaging about three days before the death of the patient. Pre-

ceding the development of the gangrene the patient does not feel

so well, or the shock from which he suffered in the first instance

as the result of the accident continues, his pulse becomes irregular,

he is very loquacious and very frightened, and soon complains

that the wound has become painful, and feels very tense. If the

wound be examined the parts around will be found to be hard,

cedematous, shining, and tense, the skin being white from depriva-

tion of blood, and very soon becoming dark, livid, or red. At the

same time crepitation becomes very marked from the large amount
of gas which is present, and the parts may even be resonant on
percussion. Once the disease has started it spreads with enormous
rapidity, and presents all the ordinary appearances of moist gan-

grene, bullae forming on the surface, and the part becoming black

and foul-smelling. One may indeed almost see the swelling extend-

ing owing to the gas forcing its way through the tissues, and very

soon the whole limb will become gangrenous, and the patient will

die in about thirty hours after the full development of the gangrene,

towards the end having passed into a somnolent condition, lying

very quiet, complaining of nothing, with rapid pulse and respira-

tion. There is usually no fever, and the temperature may even

be subnormal.

As regards the treatment, of course the first point is the pro-

phylactic treatment, which will be discussed in speaking of the treat-

ment of wounds which have not been made by the surgeon (page 226).

In the case of such wounds, especially where they are filled with

earth, one must bear in mind the great risk of some of these septic
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diseases taking place, and must therefore be particularly careful to

disinfect the wound thoroughly in the first instance. Once the
nature of the disease is recognised, the only chance of saving the
patient is by immediate amputation far above the gangrenous part

;

but even at a very early period the chance of saving the patient is

very small, only about five per cent, recovering. In amputating,

the very greatest care must be taken thoroughly to disinfect the

skin around, so as to get rid of any organisms which may be pre-

sent on the skin, and to avoid soiling the amputation wound with

the discharge from the gangrenous part, hence it should be well

wrapped up with antiseptic cloths wrung out of strong antiseptic

solutions, and this is best done by an assistant, who will afterwards

take no part in the operation. The greatest care must be taken

not to allow any of the discharge from the wound to run into the

part which is being operated on.

(b) Phagedena.—The second form of specific gangrene which I

need describe is that known as phagedena, which again is a disease

practically never seen nowadays, but formerly extremely common.
As I have not myself seen a case, I can only give a very short

description from published records. The disease is undoubtedly
a parasitic affection, but the nature of the organisms is un-

known. It essentially consists in the production in the wound in

the first instance of a pseudo-membranous material, beneath which
the tissues ulcerate or become gangrenous. The incubation period

varies from eight hours to three or four days, and preceding the

development of the affection the patient complains of pain in the

wound, which becomes swollen, its surface dry, the edges pale, and
the granulations of a greyish colour, with commencing formation of

a false membrane.
The fully-developed disease is generally described under two

forms—namely, an ulcerative and a gangrenous form. In the

ulcerative form a pulpy membrane appears on the surface of the

wound, and beneath this cup-like losses of substance occur, and
subsequently there is rapid ulceration spreading from the part, the

surface of the ulcer being covered with a velvety, greyish, foetid

material. In the other form the disease spreads with great rapidity,

and the patient dies in from twenty-four to forty-eight hours. Here
the wound in the first instance becomes covered with a thicker

membrane, which is dark in colour and very pulpy, and which

rapidly extends in the planes of the cellular tissue radiating from

the wound, leading to rapid sloughing of the skin and muscles, etc.,

and not uncommonly of vessels, the patient in that case being

killed by profuse hemorrhage. Preceding the development of the

affection the patient suffers from malaise. He is in a state of de-

pression, is sleepless, and has nausea ; and as the disease develops he

has fever, diarrhoea, delirium, and very soon passes into a typhoid

condition.

The treatment of phagedena is, of course, in the first instance

the prophylactic treatment, which essentially consists in strict
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antiseptic measures ; and, when it is developed, isolation of the

patient, and great care must be taken not to infect other persons

by the instruments or the attendants. As regards the local treat-

ment, chief reliance is placed on destruction of the pulpy material

either by the application of the actual cautery or by the use of

perchloride of iron, the pure liquor ferri perchloridi being employed.

Of these the actual cautery seems to be the most efficacious, and the

parts are very thoroughly destroyed wherever there is the slightest

suspicion of this membranous material. Where the perchloride of

iron or other caustic is used the surface should in the first instance

be thoroughly dried, and then lint soaked in the perchloride of iron

should be packed into the wound and left on for twenty-four hours.

If the part attacked be an extremity, amputation should, of course,

be perfoi'med as soon as possible, provided one can get well above

the disease, great care being taken not to infect the stump at the

same time. In both these cases the general condition of the patient

should be attended to, stimulants administered, and every effort

made to maintain the strength.

(c) Caiicrum oris.—The third form of specific gangrene to which

I need refer is cancrum oris, or noma, which is a disease affecting

children, most usually beginning in connection with the mouth, but

sometimes on the vulva. This disease generally attacks weakly
children of from two to five years of age who are convalescing from

some other affection such as measles or scarlatina. In the mouth
it usually begins as an ulceration of the gum, the first thing noticed

being that the patient complains of pain in the mouth, the breath

becomes exceedingly foetid, and there is an increased flow of saliva,

in fact, the saliva runs out of the mouth. On looking in one finds

an ulceration about the gums with sloughy edges. In other cases it

commences on the inner side of the cheek close to the angle of the

mouth, and in the cases where it has begun in the gums it very soon

spreads on to the cheek in the neighbourhood. The cheek becomes
greatly swollen, intensely shiny, and by-and-by a white spot appears

in the vicinity of the angle of the mouth. This spot very soon

becomes black, and, in fact, a slough is present, which goes on
spreading. In this way it will destroy large portions of the jaws

and the skin around the angle of the mouth (Fig. 25). While this is

going on the patient is in a very serious condition, the temperature

is high, and the pulse very rapid. He is in a semi-comatose state,

and usually dies in from four to five days.

This disease is due to long delicate bacilli which are found in

large numbers in the tissues at the margin of the slough, and the

dependence of the disease on the growth of these bacilli has been

thoroughly worked out.

The treatment consists in destroying all the affected parts and a

portion of the living tissues around in which these bacilli are present,

and in order to give the patient a chance at all one has to do what
at first sight seems a very bai'barous operation. All the parts which

are gangrenous must be clipped away, not only the soft parts, but
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the jaw, and one must go on clipping away tissue till a surface

which bleeds in every part is exposed. Having got rid in this way
of all the dead tissue, pressure is applied, and the bleeding is

arrested, and then strong nitric acid is painted or rubbed into the

raw surface. This nitric acid is allowed to act for five or ten

minutes, fresh applications being repeatedly made. At the end of

that time, if one be thoroughly satisfied that every portion of the

disease has been destroyed, the action of the acid may be arrested

by the application of carbonate of soda. Anything short of the

Fig. 25.—Case of Cancrom Oris. Photograph taken after the removal of the sloughs, etc.,

but before healing had commenced. The patient recovered.

treatment described will fail in arresting the disease. To leave the

sloughs on the part and apply antiseptic washes, or even strong

antiseptics, to them is absolutely useless, seeing that the parts where
the organisms are growing are the living tissues just beyond the

actually dead parts, which cannot be reached if the slough be not in

the first instance removed. After removal of the sloughs antiseptic

mouth washes are employed, and of the patients treated in this

way a considerable number recover, with, of course, very marked
deformity, which, however, can be remedied by plastic operation at

a later period.
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Syncope.— Syncope and shock must be carefully separated

from each other. The actual state of syncope is preceded, when
the patient is conscious, by yawning, singing in the ears, vertigo,

extreme pallor, nausea and even vomiting, and imperfect vision;

but the same condition may appear during the course of an opera-

tion, while the patient is unconscious, without, of course, the above
premonitory signs, except, perhaps, the vomiting. It is not at all

uncommon for a patient during an operation to become pale, with a

weak or imperceptible pulse, and very superficial or scarcely per-

ceptible breathing, the condition being temporary, and often ending

in an attack of sickness. Tins more especially arises when the

patient is not profoundly under the anaesthetic, and passes off after

the sickness, or when complete anaesthesia is again induced. Where
the state of syncope is complete the face is pale, the pulse is irre-

gular and extremely feeble or imperceptible, the respiration is very

superficial, or momentarily arrested, and the patient is totally un-

conscious. This condition may last for a few seconds, and then
recovery takes place, the first symptoms being sighing, gasping,

often sickness, gradual improvement of the pulse, and return of

consciousness. In extreme cases, however, syncope may end in

immediate death.

The symptoms are essentially due to anaemia of the brain.

Syncope may occur without any injury, as the result of disagree-

able mental impressions, or it may follow sudden loss of blood,

being in relation not so much with the quantity lost as with the

suddenness with which it is shed. Or it may not be dependent upon
actual bleeding, but upon a sudden accumulation of blood in one

part of the body, as may occur, for example, after too rapid with-

drawal of ascitic fluid from the abdominal cavity. Or again, it may
follow severe pain or injury to some part richly supplied with nerves,

as after a blow over the region of the semilunar ganglia.

The symptoms being essentially due to anaemia of the brain, the

first element in the treatment is to lower the head, so as to favour

the flow of blood to the brain, and then to improve the action of
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the heart by the sudden application of cold to the chest or head,

by the use of pungent inhalations, or by the employment of the
interrupted current over the heart.

Shock, on the other hand, is a condition of great depression of

the vital activity. It generally occurs after some severe injury,

more especially after injury of the abdominal organs, or after the

division of large nerves. Shock may occur immediately, or almost
immediately, after the injury, or it may come on insidiously, not

manifesting itself even for an hour or two, as sometimes happens
after railway injuries. The patient who is suffering from shock is

usually found lying in a state of complete muscular relaxation, or if

he make any movements, they are very irregular and feeble. The
face is pale and drawn, the pupils are dilated, there is sweating

about the head, the reflexes are very slight, there is diminished

sensibility, but not absolute unconsciousness. The patient can
answer questions when spoken to, but if not disturbed will gene-

rally lie in a semi-conscious condition. The respirations are feeble,

irregular, and sighing. The pulse is small, frequent, and dicrotic.

At first the pulse-rate is generally slowed, and increased frequency

of the heart-beat is regarded by some as a sign of the commencement
of reaction. The skin is cold; the temperature sub-normal. The
patient does not complain of any pain, and he very often dies in a

state of stupor.

In other cases, as I have just mentioned, shock comes on more
insidiously, as after a railway accident, where the patient may be

able to move about in the first instance, and then gradually passes

into a condition somewhat similar to that which has been described.

This condition of shock generally passes off (where recovery is

going to take place) in from two to twenty hours, and then symptoms

of reaction set in, the pulse becomes quicker and stronger, the

temperature rises, and may reach even two or three degrees above
normal, but unless some complication arises it soon falls again. The
marked reactionary symptoms formerly described were essentially

septic conditions quite independent of the previous shock, and did

not occur where the wounds remained aseptic. The condition formerly

spoken of as "prostration with excitement" was probably also a septic

condition ; at any rate, though I have seen many cases of shock, I

have never come across this state, and this is also the experience of

other surgeons who operate strictly aseptically.

Pathology of sliock.—Numerous theories have been ad-

vanced to explain the phenomena of shock, but none of them'

can be regarded as in any way certain or completely explanatory.

One which has been, and is still much in favour, is that shock

is due to a paralysis of the vaso-motor nerves, more especially

of the splanchnic nerves, resulting in great dilatation of the smaller

vessels, especially in the abdomen, which become so distended with

blood that but little is left to circulate elsewhere. This view prac-

tically implies that the immediate cause of the condition is sudden

loss of blood (for the blood is as much lost by. its accumulation
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in the abdomen as by its exit from the body), but the symptoms
are distinctly different from those of rapid haemorrhage. And
further, although in some cases it has been found, on post-mortem

examination, that such accumulation of blood in the abdominal
viscera has taken place, in other instances nothing of the kind has

been present. The view which seems to me to be most in consonance
with the facts, is that which looks on the condition as due to a state

of exhaustion of the medulla and the spinal cord, leading to a great

reduction in the vital activity generally, and resulting from severe

irritation of the peripheral ends of the sensory and sympathetic

nerves. Experiments have shown that over-stimulation of sensory

nerves will lead to exhaustion and temporary suspension of func-

tion of the corresponding centres, and the longer the stimulation

is continued, and the greater its severity, the more profound and
prolonged is this suspension of function, and the less the probability

of recovery.

Treatment of sBiock..—As to the treatment of shock, no
operation should be performed on a patient in this condition unless

there be actual bleeding endangering life, and even then chloroform

should not be administered. I cannot accept the dictum that

complete anaesthesia protects against shock. Where an operation

is not immediately necessary, it is much better to check the bleed-

ing, and wait for recovery from the shock, than to perform primary
amputation or other necessary operation without delay. Some have
advised irritation of the sensory nerves, by enveloping the ab-

domen in mustard poultices, or by applying strong mustard to the

extremities ; but if this irritation be severe, it tends rather to in-

crease than to diminish the shock. In any case the head should

be kept low, and warmth be applied to the body ; in fact, rest

and warmth are most essential. If the patient can swallow, stimu-

lants should be given, or, if he cannot swallow, they should be

introduced into the rectum. A more immediate effect is produced

by the injection of stimulants under the skin, as, for example, the

injection of ether (about 40 minims) or of tincture of musk (20 to

30 minims). The latter is very much used in Germany; but it must
be either freshly made or the tincture must be disinfected by boil-

ing before use, because bacteria—especially those of malignant

cedema—seem to grow with particular rapidity in the musk solu-

tion, and in a certain number of cases patients have recovered from
the shock and have died of malignant cedema. Strychnine is also of

'great value in these cases, and is, in my opinion, one of the most
important means which we possess of treating this condition. Digi-

talin, alone or combined with strychnine, is also of service in some
instances.

The chief precautions to be observed to prevent the occurrence

of shock are the keeping of the patient thoroughly warm, and the

employment of strychnine before the commencement of the opera-

tion and during its course. Thus, in cases where shock is likely to

occur, the operation should be performed in a warm room, and the
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patient should be placed on a table which is heated by hot water,

and at the commencement of the operation about -gVth of a grain

of strychnine should be injected subcutaneously, and if the con-

dition of shock be manifest during the course of the operation,

this, or a smaller dose, combined with ether, should be repeated.

Some have advocated the transfusion of saline solutions in large

quantities during shock, but I cannot myself think that this

is likely to do very much good. The condition of shock being

due to exhaustion of the spinal cord, and often accompanied by
paralysis of the vaso-motor nerves, the additional non-nutritive

fluid introduced by means of transfusion will only accumulate in

the already over-distended vessels and will not tend to improve
either the nutrition of the cord or to increase the blood-pres-

sure. Where, however, shock is combined with loss of blood,

no doubt such treatment may be of advantage, but probably as

much good will be done by injecting two or three pints of saline

solution into the rectum as by transfusing it directly into the blood,

because in these cases of haemorrhage absorption of fluid takes place

with great rapidity from all parts. Where this condition of shock

Lasts for some hours, coagulation of the blood in the pulmonary
vessels is very apt to occur, and thus prevent the recovery of the

patient, and no doubt with the view of preventing that complication

transfusion may be of benefit.

Secondary shock.—The condition which was formerly described

as secondary shock is probably—apart from the delayed form which I

have already referred to—really a condition of septic intoxication.

The usual history of these cases is that the patient in the first instance

suffered from shock after the operation. After he recovered from
this shock his temperature rose, and then he suddenly and very

quickly passed again into a somewhat similar condition of shock

about twenty-four hours later. In most cases tins second appearance

of shock is coincident with extensive putrefaction of blood contained

in the wound, and is no doubt due to septic intoxication. This

view is' strengthened in my mind by the fact that although I have

seen unfortunately a good many cases of shock after operations, I

have not met with this condition which was formerly described as

being of common occurrence.

Fat embolism.—In connection with certain injuries and wounds,

more especially with such as concern the bones, fat embolism may
be met with. In this condition, fat enters into the circulation and
forms emboli in various organs, particularly in the lungs and in the

brain. As a matter of fact, it is now well known that after all

fractures fat enters the circulation and is excreted with the urine,

being found in it in considerable quantities, two or three days after

the injury; but it is only where the fat enters in such excessive

quantities as to cause dangerous blocking of numerous minute
vessels that the condition of fatty embolism assumes any importance,

This condition may come on either immediately after the injury,

or (where suppuration takes place) after the establishment of the
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suppurative process, the pressure in the bone becoming so great that

fat is forced into the circulation.

Where we have the condition of fat embolism of the lung, the

chief trouble to which it leads is oedema. There is usually more or

less sudden and violent dyspnoea, the eyes become prominent, the

patient is cyanosed, he coughs, the sputum is frothy and mixed
with streaks of blood, or there may be even distinct haemoptysis,

and if the patient lives, this condition may be followed by pneu-

monia. When the chief embolism is in the brain, the result is

delirium, followed by coma ; the pulse is small, rapid, and irregular,

and the patient generally dies. {See Art. XXIX.)
As to the treatment, one can only treat the symptoms. In

the case of the lungs, dry cupping relieves the patient very con-

siderably ; sinapisms to the chest, warmth and stimulants, are also

of service.

Traumatic delirium.-—After operation we may have the con-

dition known as traumatic delirium, or, where the patient has been
a hard drinker, true delirium tremens may supervene.

The symptoms in the two cases are very much the same, but trau-

matic delirium is said to differ from delirium tremens in the absence

of the trembling of the lips and hands, and in the absence of the

history of drunkenness. The symptoms usually set in within twenty-

four to forty-eight hours after the injury. The patient becomes
excited and extremely loquacious

;
he imagines that he sees animals

and people in the room. He passes rapidly from one topic to another,

but generally recurs to the business in which he is employed. He
does not complain of any pain ; he is very restless, tries to get out

of bed, takes off his dressings, and moves his limbs, even though
broken. He has no jfever, his pulse is regular and normal. The
patient may die as the result of this condition, but he usually, after

two or three days, falls into a sound sleep and recovers. The great

essential in the treatment is to make the patient sleep, more
especially by the use of opium, and at the same time to see that he
takes sufficient nutriment to keep up his strength.
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Definition.—Erysipelas (Greek, epvdpog, red ; tteWu, skin) is

a diffuse, acute, infective inflammation of the skin or mucous
membrane, or of the skin or mucous membrane together with the

subjacent cellular tissues, or of the cellular tissues, or of the serous

membranes, and is always preceded or accompanied by constitutional

symptoms, such as rigors, fever, and vomiting.

Varieties.—Several clinical varieties of erysipelas are met with

The classification of Nunneley is here followed.

(1) "When the inflammation is confined to the skin, the disease is

called simple cutaneous erysipelas. Suppuration, except at the point

of inoculation, is infrequent in this variety.

(2) When the skin and cellular tissue are both involved, the

disease is called cellulo-cutaneous or phlegmonous erysipelas. In this

variety suppuration is the rule. There is no distinct clinical de-

marcation betwixt cutaneous and cellulo-cutaneous erysipelas. In
cutaneous erysipelas there is always some swelling and oedema of the

subcutaneous cellular tissue ; and in cellulo-cutaneous, or phlegmonous
erysipelas, there is always some redness of the skin with vesication

or bullae.

(3) When erysipelatous inflammation spreads in the cellular

tissues, with little or no implication of the skin, the disease is called

cellulitis. In this form suppuration is the rule. By some writers

cellulitis is not considered a form of erysipelas, but nevertheless the

relationship is close. That cutaneous erysipelas may cause cellulitis

there is no doubt. Simple erysipelas, cellulo-cutaneous erysipelas, and
cellulitis are all associated with severe constitutional disturbances of

a similar type. The exact relationship of these diseases will be
further discussed in speaking of their pathology. It is sufficient to

say here that as our knowledge of bacteriology increases, it becomes
evident that diffuse inflammations of the cellular tissues of an ery-

sipelatous type may be due to various kinds of infection.

Clear and distinct clinical boundaries, as already hinted, do
not. exist between these three varieties of erysipelas. It is often
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impossible to say whether a case should be called one of simple

erysipelas with slight suppuration, or one of slight cellulitis with

cutaneous erysipelas. Difficulties of the same kind occur in separating

cellulitis from phlegmonous erysipelas, because in cellulitis there is

sometimes redness of the skin with vesication and bullae.

Frequency.—In sixteen years, from 1878 to 1893 inclusive,

875 cases of simple erysipelas were treated in St. Bartholomew's

Hospital, and 800 cases of phlegmonous erysipelas and of cellulitis.

The numbers from year to year exhibit great fluctuations. The great

prevalence of erysipelas in certain years suggests that it may, like

other infective diseases, become epidemic. The spread of it seems

also to be favoured by the autumn and winter seasons.

I. SIMPLE CUTANEOUS ERYSIPELAS.
Seat.—Cutaneous erysipelas has a marked predilection for certain

regions of the body, and is especially prone to attack the face and
head. Here it can usually be shown to have originated in some
scratch or abrasion, or in an acne pustule, or from suppuration

around the fang of a tooth, and to have spread from the interior

of the throat or nose. It is a not infrequent complication of minor
operations upon the scalp, such as those for the removal of sebaceous

tumours. When the attack is in full career, the point of inoculation

may not be found, having disappeared, or become obscured, by the

violence of the inflammation.

Incubation period.—The incubation period of cutaneous ery-

sipelas is uncertain, and is variously stated as being eight hours to

two days (Ritzmann), or from one to eight days (Pujos). When
Eehleisen inoculated cases of cancer and tubercle with the Strep-

tococcus erysipelatis, the incubation period was from fifteen to sixty-

one hours, reckoning from the time of the inoculation to the first

rigor, which usually coincided with the rash. In injuries and in

operation cases the erysipelatous blush usually appears after reac-

tion. When erysipelas complicates wounds it begins at their margins,

but may spread to distant regions.

Symptoms.-—The SocaR symptoms of cutaneous erysipelas

are objective and subjective. The most striking objective symptom
is the rapidly spreading redness of the skin. This is at first a mere
blush, which disappears easily on pressure, and then a vivid red, but
later it becomes a deep crimson, which is harder to efface by pressure,

and which returns as soon as the pressure is removed. The ery-

sipelatous skin is hot to the touch, and there are swelling and oedema.

The latter are greatest where the cellular tissue is loose, as in the

eyelids, penis, and scrotum. On the other hand, when the skin is

bound down, as at Poupart's ligament, the iliac crest, the palms of

the hand, soles of the feet, and at the chin, the swelling does not

occur, and the disease seems to be arrested.

The swelling which is caused by erysipelas pits on pressure, but

is hard, especially at the margin where the disease is spreading.

The induration is caused by the effusion of inflammatory lymph into
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the cutis vera. Cases in which the hard edge is very marked have
been called by the name erysipelas marginatum. The margin of

erysipelas is not abrupt where the inflammation is receding.

When the swelling increases, and is considerable, the skin becomes
smooth, tense, and shining. Its surface is covered with vesicles, or

studded with bullae full of yellow serum. At first the serum is

clear and transparent, but afterwards it becomes turbid. The bullae

are occasionally absent, but the vesicles are said to be invariably

present, although a lens may be required to see them. As erysipelas

subsides the vesicles and bullae burst, dry up, and form slight crusts.

In erysipelas the lymphatic glands which drain the affected area

are always swollen, tender, and inflamed. The deep lymphatics may
oftentimes be felt as hard and tender cords running towards the

glands, and the superficial lymphatics may be marked by the redness

of lymphangitis. When the morbid histology of erysipelas is

described, it will be seen that the lymph spaces and lymphatics of

the skin are especially involved in the inflammation ; hence the

disease has been called an infective capillary lymphangitis. Some-
times the inflammation of the lymphatic glands seems to precede the

outburst of cutaneous erysipelas.

When erysipelas attacks a wound repair ceases, and its surface

becomes dry and glazed. It secretes a little sanious fluid and is

devoid of pus or granulations. Granulations which had formed
become anaemic and cease to grow, and may disappear. Haemorrhages
sometimes occur, and a layer of ashen lymph, sometimes called

that of wound diphtheria, may form.

In simple cutaneous erysipelas the skin occasionally sloughs, or

portions become gangrenous. These complications are, however,
commonest in phlegmonous erysipelas.

JSTow and then erysipelas is attended with a curious bronzing of

the skin.

One of the most characteristic local subjective symptoms of ery-

sipelas is the intense irritation, smarting, or burning pain which
accompanies it. To this last may be owing its popular name of " St.

Anthony's fire." Sometimes the pain is of the severest neuralgic

type, and I have had under my care a case in which the most violent

pain and lymphadenitis preceded by forty-eight hours an outburst of

cutaneous erysipelas.

The inflamed parts are stiff and incapable of full flexion or

extension.

In erysipelas of the mucous membranes the constitutional and
most of the local symptoms are the same as when the skin is

attacked. The mouth, nose, pharynx, larynx, the female genital

tract, and the rectum are its favourite seat. The involved mem-
brane becomes intensely red, swollen, and superficially ulcerated.

Bullae form, but soon break, leaving superficial ulcers. The special

functions of the part affected are interfered with ; for instance, ery-

sipelas of the larynx causes dsypnoea and aphonia. (Edema of the

glottis is one of the gravest dangers in erysipelas of the air-passages.
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The constitutional symptoms of erysipelas are very decided.

Before an attack the health may have been good, but the rash is

usually preceded for some hours by a heightened temperature and
feelings of illness. Chilliness is complained of, and rigors are

frequent, but not invariable. In infants and children convulsions

usually take the place of rigors, and in adults epileptiform convulsions

are occasionally seen. During the rigor the temperature is at its

height, but it remains high, 103° to 105° Fahr., throughout the

disease. The temperature falls slightly towards morning and rises

towards night, as in the other specific fevers—acceleration of the

pulse and respiration accompanies the increased temperature. At
the beginning of erysipelas the tongue is foul and the appetite bad,

and vomiting is common. The boioels are usually confined, but there

may be diarrhoea, with black, offensive motions. Occasionally bile is

vomited, and there is jaundice. Those subject to malaria are said to

suffer frqm this bilious type of the disease. Headache and pains in

the back, joints, and limbs are usually complained of. Epistaxis

sometimes complicates facial erysipelas.

Delirium is exceedingly frequent during erysipelas. It is worst

at night, and may be very noisy, and accompanied by troublesome

restlessness and delusions. Drunkards may develop delirium tremens.

The urine may contain albumen, and nephritis is not an unusual

complication of erysipelas. Those with chronic diseases of the kidney

seem predisposed to its attacks.

Duration and termination.—The duration of cutaneous ery-

sipelas is uncertain. An ordinary attack seldom lasts less than a

week or more than a fortnight. Sometimes the eruption wanders
from one region to another (erysipelas migrans v. ambulans), and
when each new area is attacked, there is an exacerbation of the con-

stitutional symptoms. I have seen a case of this severe and dangerous

type which lasted nearly three weeks. Although there was profound
constitutional disturbance, and the temperature rose to 107° F., the

patient, who was young and vigorous, with sound organs, eventually re-

covered. In erysipelas ambulans the same area is never affected twice.

In erysipelas, a fatal ending is to be apprehended when the

strength fails, the respiration becomes quick and shallow, when the

pulse is feeble and running, the tongue dry and brown, the mind
obscured, with muttered delirium, or when stupor and coma super-

vene with the involuntary passing of urine or fasces.

A scanty flow of urine loaded with albumen would be of grave

import, as indicating acute nephritis.

Erysipelas often ends abruptly, the temperature falling almost

suddenly from a high degree (103° F.) to normal, with a correspond-

ing amelioration of the general symptoms. This defervescence is

more common in simple cutaneous erysipelas than in the cellulo-

cutaneous form, or in cellulitis. It is obvious that no rapid change

could occur in the inflamed and pus-containing cellular tissues of

the last two diseases. In some subjects erysipelas has an extra-

ordinary tendency to relapse after an interval of a few months. This



COMPLICATIONS. 161

is seldom seen as a complication of wounds, but the existence of such
a peculiarity would have to be taken into consideration before per-
forming an operation upon anyone subject to it. Fehleisen, in his
inoculation experiments, found that no permanent immunity was
acquired. Patients could be successfully inoculated over and over
again, provided that an interval of a month or two was allowed to
intervene.

Complications.—Some of the complications of erysipelas have
been mentioned. Many are purely local, or due to direct extension
from the original seat ; others are of a more general character.
Amongst the local complications may be mentioned suppuration,
ulceration, sloughing,

gangrene, lymphangitis,

lymphadenitis, phlebi-

tis, neuritis, acute in-

flammation of sheaths

of tendons, and of arti-

culations, and acute

suppurative periostitis

and necrosis. Among
one hundred and thirty

cases of erysipelas Ritz-

mann records that the

joints of the foot were
twice involved, and the

knee, elbow, and
shoulder each once. The
joints named were
acutely inflamed, and
in some instances sup-

puration followed.

Amongst the later

local complications may
be mentioned a per-

sistent oedema, which sometimes ensues, and produces permanent
thickening or elephantiasis. When the sheaths of tendons have been
implicated, limitations of movement in the fingers or toes may result,

and ankylosis when the joints have been involved.

When erysipelas attacks the organs of special sense, it may destroy

sight, or smell, or hearing, or greatly impair these functions.

Muscular paralyses occasionally follow erysipelas, especially of

the pharynx after erysipelas of the fauces (Todd). Many com-

plications are caused by direct extension from the original seat.

For instance, in facial erysipelas the inflammation may spread to

the eye, conjunctiva, lachrymal apparatus, orbit, nose, pharynx, or

larynx, or to the lungs and air-passages. From the pharynx it

sometimes extends along the Eustachian tube to the middle ear. In
the air-passages it may cause a fatal oedema of the glottis. Perhaps
the parotiditis which sometimes complicates facial erysipelas is

Fig. 26.—Streptococci in the Heart's Blood from a Case
which died of Stpticsemia after Erysipelas. (Prom a
microphotograph by Mr. Cosens.)
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due to extension along Stenson's duct. Erysipelas of the penis may
spread to the urethra and bladder. Erysipelas of the female genitals

(erysipelas puerperale) may spread to the uterus, Fallopian tubes,

and peritoneum.

From wounds of the abdominal walls erysipelas may spread by
extension to the peritoneum, ox*, after injux'ies to the head, from the

scalp to the meninges.

The streptococcus of erysipelas may enter the blood in such

quaixtities as to cause fatal septicaemia. In a case of this kind I

found the streptococcus in the blood of the right auricle (Fig. 26).

Pyamxia is a frequent cause of death in erysipelas. It is more
fx*equent in the cellulo-cutaneous and cellular vax'ieties. It is due
to the entrance of pyogenic organisms, especially of streptococci,

into the circulation, and their subsequent passage fx-om the circula-

tion ixito the tissues. In a case of "Volkmann's it was thought that

a clot in the crural veixi had become infected from an exysipelatous

wound (Gussenbauer).

Acute nephritis is a common coxnplicatioxx of erysipelas. As a
rule, it is transient axid leaves xio ill-effects. It is revealed by the

occurrence of a cloud of albumen in the urine. In dx-unkax'ds it is to

be x'emembered that there may be chronic parenchymatous xxephritis.

The acute nephritis may occasionally end in fatal uraemia. Con-

gestion of the other abdominal orgaxxs may occur in erysipelas, and
there may be enlargement of the spleexx aifx of the liver.

Bronchial catarrh, pneumonia, and pleurisy are possible compli-

cations of erysipelas. Pleux-isy is said to be commonest in erysipelas

of the chest wall. Pneumonia is a dangerous complication, and may
attack one or both lungs. It may establish itself without cough or

pain, and may therefore be overlooked. The pneumonia is of the

croupous variety. As in other diseases of the same type, hypo-

static congestion and oedema of the lungs are met with in erysipelas.

Inflammations of the other seixms membranes, of the pericardium,

peritoneum, or arachnoid, are occasional complications of erysipelas.

The fx'equency of delirium in erysipelas probably led to the belief that

mexiingitis is commoner than it really is. As a rule, mexxingitis is

due to the inflammation spreading dix-ectly through a fracture of the

skixll, or throixgh the orbit.

Prognosis.—The prognosis of simple cutaneous erysipelas is

favourable. Out of 875 cases tx'eated in St. Bartholomew's Hospital,

31 died (3
-5 per cent, nearly). The mortality was rather less amongst

females than amongst males; 10 out of 391 females died (2-57 per

cent.), whilst 21 out of 484 males died (4-3 per cexxt.). The mortality

from phlegmonous exysipelas and cellulitis is far greater than that from

simple cutaneous exysipelas. Out of 889 cases of phlegmonous exy-

sipelas and cellulitis ti-eated in St. Bartholomew's Hospital, 99 died

(ll'l per cexxt. about). Out of 685 males, 80 died (11 -6 per cent,

about) ; and out of 204 females, 19 died (about 9"0 per cent.). The
preponderance of cellulo-cutaxxeoixs erysipelas ixx males is explained

by their greater liability to injury. Neglected and lacerated wounds
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of the head and extremities were the commonest modes of infection

in these cases.

The prognosis of erysipelas depends, therefore, to some extent,

upon its degree. The age of the patient is also an important con-

sideration in this as in other diseases of similar kind. Infants and
aged people are very apt to succumb. In the aged even simple

cutaneous erysipelas is dangerous. Amongst infants a variety of

erysipelas, called erysipelas neonatorum, sometimes attacks the skin

of the abdomen during the separation of the remains of the umbilical

cord. Suppuration and gangrene of the skin often occur. Ery-

sipelas neonatorum is sometimes complicated by phlebitis of the

umbilical vein. It is met with where puerperal fever, puerperal

pyaemia, and puerperal septicaemia are prevalent.

Erysipelas is an occasional sequela of vaccination. The strepto-

coccus of erysipelas has been found in impure vaccination lymph
(Copeman). Defects of the kidneys, heart, or lungs, add to the

gravity of an attack, as do also habits of intemperance. It is obvious,

therefore, that the condition of the great organs should always be

investigated, and the habits of the patient inquired into.

Diagnosis.—The differential diagnosis of cutaneous erysipelas is

sometimes exceedingly difficult. From simple erythema it depends

upon both the constitutional symptoms and upon the local appear-

ances. In simple erythema there is no rigor or high temperature,

nor acceleration of the pulse and respirations, vomiting is infrequent,

and the redness has no board-like margin; vesicles and bullae are

wanting, and the lymphatic glands or vessels are not affected. An
acute attack of herpes is sometimes hard to tell from erysipelas.

Both may be accompanied by constitutional symptoms, and in both

there is redness and vesication of the skin, with enlargement of

lymphatic glands. However, in herpes both the local and general

symptoms are less severe, and the eruption is usually confined to the

distribution of certain nerves, and does not cross the middle line of

the body. Erysipelas might also be confused with acute eczema or

with acute dermatitis. The latter are sometimes caused by the

chemicals used for the disinfection of the skin before operations, or

by those contained in dressings. Here, again, the slightness of the

constitutional symptoms and the local characters, especially the

presence of eczematous papules, crusts, and vesicles, ought to make
the diagnosis easy. The early stages of inflammatory wound gan-

grene are not unlike erysipelas. In acute spreading traumatic

gangrene there is also redness and swelling of the skin, with the

formation of bullae. But in this most fatal disease there is more
profound constitutional disturbance ; the bullae contain blood-stained

serum, and there is emphysematous crackling in the subcutaneous
tissues.

Pathology.—After death from erysipelas the post-mortem appear-

ances are similar to those in other infective diseases. The redness of

the skin disappears after death, but the desquamation, vesicles, or

bullae remain. There is also some swelling and oedema of the cutis,

g2
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with enlargement of lymphatic glands, and occasionally some throm
bosis of veins. The fluid in the cedematous tissues is rich in leuco-

cytes, and in sections many cells are found along the course of the

vessels. The kidneys and liver and other internal organs are con-

gested, and there is often marked enlargement of the spleen. The
lungs are often pneumonic, and the serous sacs contain an excess of

blood-stained fluid. The arachnoid, pericardium, pleura, or peri-

toneum may be inflamed. These inflammations cause fibrinous and
purulent effusions. The lymph and pus contain streptococci. The
streptococcus of erysipelas should also be sought for in the inflamed

skin, in vesicles or bulla?, in the blood, in the fluid of the serous

sacs, and in the capillaries of the liver, lungs, and kidneys. During
life the blood in erysipelas forms a firm clot,

but after death it is thin and watery.

Great light has been thrown upon the

pathology of erysipelas by the labours of

Nepveu, Fehleisen, Koch, and of many others

(page 27). Erysipelas is caused by infection

with a streptococcus, which grows along the

lymph spaces of the skin (Fig. 27), and causes

first a coagulation of their contents, and after-

wards excites acute inflammation. The strep-

tococci may be demonstrated by Gram's method
of staining (page 51), in skin taken from the

extreme edge of the spreading margin. It is

difficult or impossible to demonstrate them in

the older and more indurated skin. Here they
are obscured by the leucocytes and fibrinous

exudation which fill the lymph spaces and
lymphatics. The streptococcus also grows in

the periphery of the hair follicles, which explains

the loss of hair which follows an attack (Cornil and Babes). The strepto-

coccus can be grown in culture media by inoculating them with
portions of the spreading edge. With such cultures Fehleisen caused

typical erysipelas. The streptococcus of erysipelas has been found
in the fluid of the bulla? (Orth.), in the blood in fatal cases (see

Fig. 26), in the pericardial fluid, in the muscular walls of the heart,

in the lungs, liver, spleen, and mesenteric glands (Pfuhl). Inordinary
cases it is probable that the streptococcus of erysipelas does not enter

the blood (Fehleisen). Eiselsberg failed to find them in three cases.

Cornil and Babes give an excellent description of the histological

changes in erysipelatous skin. Migratory cells infiltrate the bundles

of connective tissues, especially around the blood-vessels and lym-

phatics, and around the fat lobules. The migratory cells are more
abundant in the dermis than in the papilla?. The fixed cells are

swollen and undergoing division. There is a sero-fibrinous exudation

in the dermis and subcutaneous tissues. The endothelium of the

lymph spaces is swollen, and many subcutaneous lymphatics are filled

with migratory cells.

Fig. 27. — Erysipelas :

Streptococci in lymph
spaces of skin. (After
Cornil and Babes).
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Causes.—The general predisposing causes of erysipelas may be
in the environments, as overcrowding, bad drainage ; or in the

habits of the patient, especially intemperance. Starvation, debilitat-

ing diseases, diabetes, Bright's disease, gout, and malignant disease

all predispose to erysipelas, as do also previous attacks. Infants and
the i^ged are probably predisposed.

The local predisposing causes are dependent upon the position of

the injury in places which facilitate sepsis, such as the scalp,

scrotum, female organs of generation, the mouth and anus. The
different varieties of erysipelas are also more liable to complicate

wounds which are lacerated and contused, simply because they are

more likely to be infected, and are harder to disinfect.

The exact relationship of the streptococcus of erysipelas to cellulo-

cutaneous erysipelas is still the subject of controversy. There is

no doubt whatever but that cellulo-cutaneous erysipelas is caused

by a streptococcus. Also that this cannot in most cases 'be dis-

tinguished by its morphology, growth, and effects from the strepto-

cocci of simple cutaneous erysipelas. Eehleisen denied that the

streptococcus erysipelatis could cause suppuration : but Eraenkel,

Kirchner, and others have shown that this is not correct. Those
who have hitherto denied that the streptococcus of erysipelas can

cause suppuration assert that the streptococcus seen in cellulo-

cutaneous erysipelas and cellulitis is the Streptococcus pyogenes.

Others, again, think that cellulo-cutaneous erysipelas may be caused

by a mixed infection with Streptococcus erysipelatis and Strepto-

coccus pyogenes. However, these two organisms are so nearly alike

in morphology, growth, and action that they are indistinguishable

(Cornil and Babes, Sternberg). It has been stated that they may be

separated by slight differences in their chemical products.

It was at one time a question whether erysipelas was contagious

or whether it was infectious. Now that it is known to be due

to infection with streptococci, such a discussion is unnecessary.

The streptococcus of erysipelas resides in pus, blood, clothing, upon
the surface of the body, in the mouth, nose, or vagina (Sternberg),

in the excreta, and upon instruments, towels, and sponges. Von
Eiselsberg found it in the air of Billroth's wards, Haegler in the

air of Socin's wards, and Emmerich found it in the air of a

dissecting-room.

II. CELLULO-CUTANEOUS ERYSIPELAS.

Cellulo-cutaneous erysipelas has a close clinical l-elationship to

the cutaneous variety. There are, however, some differences, especially

in the local symptoms, due to the infection of the subcutaneous

cellular tissues. It occurs as a complication of operations and
injuries. I have seen fatal examples after the most trivial proceed-

ings— such as the removal of sebaceous cysts, fatty tumours, ade-

nomata of the breast, after radical cure of hernia, radical cure of

varicocele, and amputations of the breast.
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Symptoms.—The constitutional symptoms of cellulo-cutaneous

erysipelas are the same in kind, but more severe in degree than
those of the cutaneous form. At the beginning, severe and repeated

rigors are the rule. These may simulate intermittent fever. The
temperature is high with considerable exaltations during the rigors.

The frequency of the pulse and respirations is markedly increased.

Delirium is common, and there is an absence of sleep, and great

restlessness. The patient's aspect is haggard and anxious. Pneu-
monia, pleurisy, nephritis, pyaemia, septicaemia, and the other com-
plications of simple erysipelas are all of frequent occurrence. In
drunkards delirium tremens is to be feared.

Cellulo-cutaneous erysipelas occurs in broken-down subjects. The
aged, the starved, and those with diseases of the kidneys and liver

are predisposed to its attacks. It is prone to run an asthenic course,

with rapid and feeble action of the heart, quick and shallow respi-

rations, diarrhoea, muttered delirium, with subsultus tendinum, and
the formation of sordes or of aphthous patches about the mouth
and pharynx.

Suppuration is one of the chief local symptoms of cellulo-

cutaneous erysipelas. In cutaneous erysipelas, suppuration is the

exception. Sloughing, ulceration, and gangrene are also frequent

complications of cellulo-cutaneous erysipelas. At first the colour of

the skin in cellulo-cutaneous erysipelas is a deep, dusky red, which
disappears on pressure ; afterwards it becomes irregular and marbled.

There is great swelling and oedema, and the whole part looks twice

its natural size. The edge of the swelling is not abrupt, nor board-

like. The epidermis is raised into bullae filled with blood-stained

serum. The lymphatic vessels are usually inflamed, but may not

be felt—owing to the oedema. Irregular red lines may mark the

course of inflamed superficial lymphatics. The affected area is hot,

and the patient complains of intense throbbing pain. The cutaneous

vessels are engorged with blood, and vessels which are ordinarily

small bleed smartly for a time after their division.

The subcutaneous fat and cellular tissues are swollen and in-

filtrated with yellow serum, which gives them a gelatinous

appearance. After awhile this fluid becomes purulent, and the skin

is separated from the deep fasciae by tissues soaked with thin pus.

This interferes with nutrition and nerve-supply, and leads to

sloughing and gangrene of the skin. The sloughing cellular tissues

may escape from the apertures with the purulent discharge. They
have been compared to wet tow, wet chamois leather, and so

forth. True abscesses or ulcers are seldom seen in cellulo-cutaneous

erysipelas.

The swelling of cellulo-cutaneous erysipelas is at first soft and

oedematous, and pits on pressure. As the tension increases it becomes

hard, and the skin over it shining. When suppuration occurs it

imparts a characteristic "boggy" sensation; true fluctuation is seldom

felt. The pus has no tendency to point, as in acute abscess, but

diffuses itself along the cellular planes. It often strips vast areas of
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skin from off the deep fasciae. In a case under my care the whole
of the skin of the back from neck to nates was separated from the

underlying fasciae. The skin was saved by numerous timely

incisions, and the man recovered. When cellulo-cutaneous erysipelas

extends beneath the deep fasciae it may cause extensive destruction

of tendons, necrosis of bones, and acute suppurative arthritis.

As a rule cellulo-cutaneous erysipelas does not extend beneath
the deep fasciae. Sometimes, however, the cellular tissues which
surround the muscles, and deep vessels and nerves, are extensively

involved. I have treated a case in which the muscles of the thigh

and the great sciatic nerve were dissected out by the purulent

inflammation, which also extended into the iliac fossa.

The scalp is a favourite seat of cellulo-cutaneous erysipelas.

Here the suppuration invades the loose cellular tissue betwixt the

cranial aponeurosis and the pericranium. It is usually confined by
the attachments of the aponeurosis, and of the frontalis and
occipitalis muscles.

The post-mortem appearances in cellulo-cutaneous erysipelas and
in cellulitis are vei*y similar to those in simple cutaneous erysipelas.

The extensive diffuse inflammation and suppuration in the cellular

tissues form the most marked features.

III. CELLULITIS.

There is the closest clinical relationship betwixt cutaneous ery-

sipelas ' and cellulo-cutaneous, and they are both due to strepto-

coccus infection. There is no doubt whatever that streptococci are

also the cause of diffuse cellulitis. I have found them in pure

culture in pelvic cellulitis, and have seen them filling the lymph-
paths in diffuse cellulitis of the neck (cynanche Ludovici). But
there is also no doubt that diffuse cellulitis may be caused by other

kinds of infection. (See Fig. 28.) One of the worst and most familiar

kinds of diffuse cellulitis is caused by the extravasation of putrid

urine into the cellular tissues of the perineum, scrotum, penis, and
abdomen. Severe and fatal cellulitis also follows upon the bites of

venomous reptiles and insects, and upon dissection and post-mortem
wounds, and poisoned wounds of various kinds (Art. XV.). In
many of these there is doubtless infection with streptococci ; but at

the same time other organisms are present, and are probably equally

effectual in the production of the cellulitis. (See also page 91
)

In cellulitis the cellular tissues of any region may be involved.

After parturition and gynaecological operations, for example, pelvic

cellulitis may occur. When the cellular tissue of tne neck is in-

fected from an acute necrosis or osteomyelitis of the jaw, or from an

ulceration of the pharynx, tonsils, or larynx, a dangerous and acute

cellulitis (cynanche Ludovici) arises.

Symptoms.—In cellulitis there is profound constitutional dis-

turbance of a type similar to that in cellulo-cutaneous erysipelas.
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The absorption of septic materials is, perhaps, greater, and death
from sapraemia, septicaemia, and collapse is more frequent.

Tlie local characters of cellulitis are extensive, hard, deep-seated

and brawny swelling, with heat and burning pain. The skin over
the swelling is teuse, cedematous, and dusky red. The lymphatic
glands are inflamed and enlarged, and the veins are often filled with
septic clots.

Gangrene of the skin is a complication of cellulitis. It is more
common in some regions than in others, and in cellulitis caused by
extravasation of urine the skin of the penis and scrotum are

destroyed, unless saved by incisions. The cutaneous gangrene of

cellulitis is sometimes mistaken for that rare affection called

spontaneous gangrene of the penis and scrotum.

Cellulitis does not necessarily begin at the point of inoculation,

but may burst out in cellular tissues at some distance. For instance,

in dissection wounds of the fingers, the axilla and chest wall are

often affected, whilst the arm is but slightly swollen with some
lymphangitis.

The changes in the cellular tissues are the same as in cellulo-

cutaneous erysipelas. The purulent fluid is diffused along the

cellular planes, and seldom forms collections sufficient to afford

fluctuation. Extensive gangrene of the cellular tissues ensues. The
characters of the purulent fluid vary according to the causation.

In cellulitis due to extravasation of urine, and in cellulitis of the

neck, it is often horribly foetid, because putrefactive bacilli are mixed
with streptococci and other bacteria.

Treatment Of erysipelas. —The preventive treatment of ery-

sipelas requires a proper knowledge of the properties and habitat of

the streptococcus of erysipelas, and of the measures required for its

destruction. I* is destroyed in ten minutes by a heat of 52° to

54° C. (Sternberg), and is killed almost instantly by boiling water

or steam. Chemicals kill it in course of time, provided that the

conditions are favourable for their action. The streptococcus was
dead after two hours' exposure to a solution of mercuric chloride

1 part in 2500 parts of water, or to a solution of carbolic acid 1 part

in 300 parts of water. Of course, stronger chemicals act in a

shorter time.

In regions of the body where disinfection is difficult or impossible,

erysipelas is more liable to follow operations. With care, the trans-

mission of erysipelas is rare. The sister in charge of the erysipelas

ward at St. Bartholomew's tells me that only one nurse has acquired

the disease during a period of nine years. Scrupulous care is taken

in washing and disinfecting the hands and instruments. "When
erysipelas occurs in a general ward, the case ought to be at once

isolated.

Care in the use of antiseptics has practically banished ery-

sipelas. I have no 4- yet had a case after an operation in which no

septic; focus preexisted, and can only recall two slight attacks in

septic cases, In these the disease was undoubtedly carried by
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house-surgeons or nurses who had not, perhaps, realised what
stringent precautions are required.

An extraordinary number of remedies has been vaunted in the

immediate treatment of cutaneous erysipelas. Inasmuch as the
disease usually runs a short and favourable course, and nearly

always ends in recovery, it is obvious that a favourable opinion

may easily be formed as to the benefits of particular remedies. It is

doubtful whether any internal remedy has any marked effect upon
the course of the disease.

By some a 30 per cent, solution of perchloride of iron is painted

upon the affected part, and half-drachm doses are given internally.

Others administer carbonate of ammonium with tincture or decoction

of cinchona.

Cutaneous erysipelas, cellulo-cutaneous erysipelas, and cellulitis

are all diseases which make great demands upon the strength. It is

therefore necessary, as a rule, to give a generous diet with stimulants,

milk, beef-tea, beef or mutton essence, eggs, eggs whipped with wine
or brandy, and so forth. The best stimulant is usually that which is

taken best ; brandy, port, burgundy, champagne, beer, or porter, are

all useful. The bowels ought to be regulated, and anodynes given to

induce sleep and relieve restlessness.

Locally, the abstraction of blood by leeches or by lancet puncture
relieves the pain and tension. Bleeding should be encouraged with

hot fomentations.

Nitrate of silver seems to have a decided influence in arresting

the spread of cutaneous erysipelas. This is best applied by painting

the whole area with a solution made by dissolving twenty grains of

solid nitrate of silver in an ounce of the spiritus etheris nitratis.

At St. Bartholomew's Hospital the part affected by cutaneous ery-

sipelas is usually covered with an ointment composed of a drachm of

prepared chalk and an ounce of lard. This is very soothing, and
affords great relief to the burning and tingling. Dusting with
starch, oxide of zinc, flour, or bismuth is also soothing and agree

able. It is often beneficial to cover the inflamed area with cotton-

wool.

When erysipelas complicates wounds, care should be taken to see

that there is a free exit for discharges, and to cover the whole area

with a large and warm boracic fomentation. This ought to be re-

newed every two or three hours, and is very grateful to the patient.

Ichthyol has been greatly advocated by Nussbaum and others for

the treatment of cutaneous erysipelas. After a fair trial I have come
to the conclusion that the pain which it causes exceeds any benefit

which may ensue.

In cellulo-cutaneous erysipelas and cellulitis, to prevent gangrene

and to give exit to discharges, a series of incisions, each about two
inches long, should be made into the inflamed and tense skin and
cellular tissues. These incisions should be made where the skin is

most affected, and in the long axis of the limb and parallel to vessels

and nerves which are to be avoided. Incisions into the scalp should
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radiate from the vertex. Incisions usually cause smart bleeding.

This is easily arrested either by ligature, or by plugging with anti-

septic gauze.

To make the incisions it is in most cases necessary to give an
anaesthetic. After an incision has been made great care should be
taken not to strip up the undermined skin with fingers or in-

struments, otherwise its remaining vascular supply may be destroyed,

and it may slough. A very large, warm, carbolic or boracic fomen-
tation should be applied. Great benefit is given by immersion in

a bath of hot water night and morning. As a rule, this is only

applicable to the arm.

In subfascial cellulitis incisions of great extent may be required

to give exit to pus, and to permit the cavity to close. I have had
to divide the fascia lata from the great trochanter of the femur
down to within two inches of the external tuberosity. Collections

of pus should be thoroughly drained and the cavity washed out each

day with some disinfectant. A solution of a drachm of tincture of

iodine to a pint of water is a safe and fairly efficient lotion. If a

stronger disinfectant be required, the liquor iodi may be used in

the same proportion. If there be great fcetor, 5 per cent, carbolic

lotion should be used instead of water for mixing with the liquoi

iodi. Iodoform and iodoform gauze are suitable dressings for the

sloughing or ulcerated wounds in cellulitis.

In Ludwig's angina, or diffuse cellulitis of the neck, the incisions

ought to be made in the middle line from the chin to the hyoid

bone. It may be necessary to carry them to some depth before a

proper exit is given to the putx-id fluid.

In cellulitis of the ischio-rectal fossa, free incisions should be

made, radiating from the anus to avoid the haemorrhoidal vessels

and nerves.

To prevent adhesions of joints or tendons, passive movements and
massage may be required at a later period. CEdema may be treated

with elastic bandaging. The other and more serious complications,

such as pneumonia, nephritis, and so forth, must be dealt with as

they arise.



VIII. PYEMIA.
By C. B. LOCKWOOD, F.R.C.S.,

Assistant-Surgeon to St. Bartholomew's Hospital ; Surgeon to the Great Northern
Hospital. i

Definition.—The word pyaemia, which we owe to Piorry, is

derived from the Greek ttvov (pus) and aifia (blood). It originated

in the belief that the disease was due to the entrance of pus into the

blood. Although this assumption contains an element of truth, it now
requires to be modified. Other names have been given to pyaemia

to mark its close connection with supptiration. One of the commonest
is purulent infection, or pus infection. The word septicaemia was
applied to those whose blood was supposed to have been poisoned

with putrid material.

Since the labours of Ogston, Koch, Klebs, Krause, Rosenbach,

and others, it has been understood that pyaemia is caused by the

entrance of certain bacteria into the blood, where they live and
multiply, and whence they pass into the tissues, joints, or serous

cavities, causing purulent deposits. (See page 25.)

Thus pyaemia may be defined as a general infection of the blood

with pyogenic organisms, leading to the formation of multiple

abscesses, and accompanied with intermittent fever and other mani-

festations of septic disease. More briefly, pyaemia may be defined

as septicaemia, with, in addition, the formation of metastatic

abscesses.

Mortality.—Pyaemia is becoming a comparatively rare disease.

But when it occurs, it is exceedingly fatal. Of 94 cases which were

treated in St. Bartholomew's Hospital in sixteen years, 66 died.

Sex and age.—The proportion of the two sexes is almost equal.

Among the 94 cases just quoted, 48 were males and 46 females.

Males usually die of pyaemia after injuries and operations, or after

acute infective osteomyelitis. In females the smaller liability to

injury and osteomyelitis is compensated for by the dangers of par-

turition and of sepsis connected with the reproductive organs. The
statistics given by Gussenbauer show that out of 50 cases of pyaemia

44 died. There were 24 men with 1 case of recovery, and 26 women
with 5 recoveries.

The tables of Gussenbauer show also that pyaemia is extremely

G* 2
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rare in childhood, and hardly occurs during the first five years of life.

It is commonest betwixt the ages of sixteen and thirty.

Conditions Of occurrence.—Pyaemia is met with as a complica-

tion of any wounds and breaches of surface which are exposed to

infection, and of any form of sepsis and suppuration. It has occurred

during suppuration following fractures, injuries to joints and serous

sacs, burns, scalds, and frost-bite, during the course of cystitis, pro-

statitis, pyelitis, dysentery, gangrene, osteomyelitis, erysipelas, diph-

theria, small-pox, scarlatina, and other diseases. Pysemia is a not

infrequent complication of pai'turition.

As a rule, the way by which the bacteria enter is quite obvious.

Sometimes, however, the point of inoculation is difficult to find,

being situated in the middle ear, in the mouth,
ass pharynx, or oesophagus, in the rectum or alimen-

*. **SS*"TL tary tract, or about the gall bladder. In some
...••'W*:'~

s"'""OwL cases the lesion may have healed before the
'*'-'

)*•••'•'$%•: patient came under observation, or may have

\ •:;••*? been so trivial as to have escaped notice. The
name of " idiopathic pyaemia " has been applied
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taneous pysemia," which is sometimes applied .

to cases in which the mode of infection is not
known. The differentiation of pysemia into

acuta and chronic rests upon a sound clinical

basis. As a rule, pysemia is fatal in a few
days, but cases are met with in which it lasts

months or even years, all the clinical symptoms
being the same as in acute cases, but less severe

and more prolonged. rig. 29 staphylococcus
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It is not accurately known which kind is the most
frequent. In Senn's summary of the investigations of Rosenbach>

Pawlowsky, Besser, and Schiiller 69 cases of pysemia are mentioned.

In all of these cases either the blood, pus, or fluids of the tissues

were examined, and streptococci were found in 37, staphylococci in

23, a mixed infection of staphylococci and streptococci in 5, and
Staphylococcus aureus alone in 4. The streptococcus is the same as

that ordinarily met with in the diffuse suppurations, especially in

cellulitis, and is the Streptococcus pyogenes (Fig. 28). However,
there is now little doubt but that more than one kind of streptococcus

has hitherto been included under this term . The staphylococcus found

in pysemia is usually the Staphylococcus pyogenes aureus (Fig. 29),

and this is occasionally mixed with Staphylococcus pyogenes albus.
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Clinical conditions which have a close resemblance to those of

pyaemia are sometimes met with during gonorrhoea and typhoid fever.

In these the metastatic suppurations contain the gonococcus, or the

typhoid bacillus respectively. There is also the closest affinity

betwixt pyaemia and acute osteomyelitis (acute suppurative peri-

ostitis, acute necrosis, acute panostitis). Indeed, these two diseases

are but different manifestations of an infection with the same species

of pyogenic cocci. Matters have become simpler since it has been
recognised that a single kind of bacterium may produce various

results, according to the mode of infection. For instance, the

Staphylococcus pyogenes aureus rubbed into the skin causes furun-

cules (Garrd) ; injected into the cellular tissue it causes an acute

abscess (Bumm, Waterhouse) ; injected into the joints acute suppu-

rative arthritis (Passet) ; injected beneath the periosteum, acute

suppurative periostitis ; injected into the serous cavities it causes

pleuritis, pericarditis, meningitis, or peritonitis. Conversely,

Staphylococcus pyogenes aureus from any of the above affections

will, when introduced into the circulation, cause pyaemia. It is prob-

able that the Streptococcus pyogenes and Staphylococcus pyogenes
albus play as extensive a role as the Staphylococcus aureus.

There can be no doubt but that clinical differences are to be
observed in different cases of pyaemia. This is possibly to some
extent accounted for by differences in the bacteria that have caused

the attack. For instance, it is beginning to be recognised that in

streptococcus poisoning the joints are usually affected, whilst staphy-

lococcus poisoning is especially prone to cause suppurative peri-

ostitis or osteomyelitis. Wagenmann found streptococci in the

emboli which filled the vessels of the eye in puerperal pyaemia.

The circumstances of the infection.—Pyaemia is not, how-
ever, simply a matter of infection, as the foregoing might lead

the reader to suppose. The mere presence of appropriate bacteria

in a wound is, as a rule, not sufficient to cause pyaemia. A
proportion of the wounds treated by the most careful antiseptic

surgeons contain pyogenic cocci ; and yet pyaemia may be unknown
in their practice. Furthermore, the mere presence of Staphylo-

coccus aureus or albus, or of Streptococcus pyogenes in the blood is

not necessarily followed by pyaemia. Yon Eiselsberg and Canon,

in cases of ordinary wound fever and of sepsis, found Staphylococcus

aureus and albus, and Streptococcus pyogenes in the blood. But as

a rule the presence of any of these bacteria in the blood is asso-

ciated with abscess-formation in some part of the body.

Before the pyogenic cocci can cause pyaemia, certain conditions

have to be fulfilled. There are certain kinds of micrococci found in

wounds which are, perhaps, capable of causing a local suppuration,

but incapable of invading the blood. Many of those which inhabit

the skin belong to this class. When the appropriate bacteria are

present much depends upon (1) their virulence ; upon (2) the dose of

them which enters the blood ; and upon (3) the predisposition of the

recipient. (See page 16.)
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(1) The variation which the virulence of different species of

bacteria undergoes is now one of the commonplaces of bacteriology,

and in many instances is easily controlled. Cultivated outside the

body they become attenuated, whilst passage through an animal

restores their potency. Pasteur uses anthrax attenuated by culture

without the body for purposes of vaccination. In similar manner
the Streptococcus pyogenes soon loses its virulence and dies out when
grown in artificial media. The Staphylococcus aureus and albus are

more resistant, but even the former after awhile becomes of a paler

gold, grows more slowly, and ceases to cause suppuration or general

infection.

(2) The importance of the dose of bacteria is also exemplified

by experimental pathology. Everyone who has studied the infective

diseases is aware that it is necessary to introduce a considerable

quantity of cocci into the venous system to cause a general pyaemic

infection. The healthy organism is able to deal with moderate doses

without the occurrence of abscesses in any of the organs. The
experiments narrated by Watson Cheyne in his lectures on suppura-

tion and septic diseases show the importance of the dose in a

definite manner. 1,000,000,000 of Staphylococcus aureus were
required to cause the death of an animal, while 250,000,000 only

produced a small circumscribed abscess. It seems probable that

Staphylococcus pyogenes aureus and albus and Streptococcus pyogenes
are more virulent for man than for animals. It is hardly necessary

to point out that fewer virulent bacteria are required to produce
results, and more of those which are attenuated.

(3) In pyaemia, as in other diseases, predisposition and immunity
are both topics that are shrouded in considerable mystery.

We will consider first the question of general predisposition.

It is a matter of common observation that certain races and indi-

viduals are more predisposed to some kind of infection than others.

These peculiarities have only been ascertained for certain kinds of

infection, of which anthrax is one of the best known. Even here

immunity seems to be capriciously bestowed. It is notorious that

French sheep die of anthrax, whilst the Algerian are immune.
But natural immunity is not absolute. Pasteur found that fowls,

which are refractory to anthrax, soon died of it, if, before or after

inoculation, their temperature was lowered by placing them in cold

water. Similarly frogs, which are naturally immune against anthrax,

were rendered susceptible by immersion in warm water. Watson
Cheyne also ascertained that natural immunity against bacteria

could be overcome by phosphorus, a drug which has a well-known
deleterious action upon the protoplasm of the body. There is reason to

suppose that the toxins and ptomaines manufactured by bacteria

may, when absorbed, predispose to the action of the bacteria them-
selves (Grawitz and de Bary, Rinne).

On the other hand, Behring claims that he has rendered animals
immune against virulent Streptococcus longus by injecting into them
the blood of animals that had been rendered immune by repeated
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inoculations with attenuated cultures of streptococci. This is the

same method as that by which Tizzoni and Oattani produced immu-
nity against tetanus. It throws an interesting light upon the com-
parative safety which demonstrators of anatomy and pathologists

enjoy from pyaemia and septicaemia ; also upon the rapid healing

after amputations for prolonged suppurative arthritis.

It may be inferred that influences similar to the above predispose

man to pyaemia. It is recognised that it is more apt to occur after

starvation, debility, alcoholism, anaemia, severe haemorrhage, pro-

longed shock, and wasting diseases, such as albuminuria and diabetes.

Parturition, too, is often accompanied with local and general con-

ditions which predispose to pyaemia. Unhealthy environments may
also predispose to pyaemia, and thus it is rife in hospitals or dwell-

ings which are ill-drained, ill-ventilated, or overcrowded. Obviously,

most of this class of conditions are also such as would enhance the

dangers of actual bacterial infection. Even where they prevail the

liability to pyaemia is immensely diminished by antisepsis (Yon
Nussbauru).

Certain local predisposing causes influence the occurrence of pyae-

mia. Wounds in certain positions are more exposed to infection

than others. Such, for instance, as those about the mouth, air-pas-

sages, alimentary tract, anus, scrotum, axilla, or scalp. Also wounds
which are the result of accident are more likely to be infected

than those which surgeons inflict. But after bacteria have been
introduced, the local predisposing conditions must be such as (a) favour
their multiplication in the wound ; and (b) favour their passage into

the circulation.

The local conditions that favour the multiplication of the bac-

teria which cause pyaemia are the same as those which favour sepsis

and suppuration. (See page 81.)

Pathology and morbid anatomy. 1. The condition
of the wound.—In clean-cut wounds in healthy tissues infection

makes but little headway, but flourishes in such as are lacerated,

bruised, infiltrated with blood, deprived of their blood or nerve-

supply, or injured with chemicals. Foreign bodies and blood-clots

in the depths of wounds are also suitable nidus for bacteria to grow
in, and collections of fluid are especially favourable. Such infected

wounds have no granulations or pus, and are usually in a state

of acute septic inflammation. The wounds associated with pyaemia

usually throb and are painful, hot, swollen, red, with acute lym-

phangitis and adenitis of neighbouring lymphatic glands ; they often

gape and display a dry and glazed surface, covered in places with

ashen lymph ; they may secrete a purulent, sanious, or stinking dis-

charge, which often accumulates in the depths, and ulceration,

sloughing, or gangrene may be in progress. Not infrequently there

are tenderness and induration along the veins running from the

wound towards the heart. "When the bones are involved there are

pain and tenderness, and, perhaps, thickening along therm and other

evidence of acute osteomyelitis.
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Pyaemia sometimes occurs when the external appearances of

the wound are quite favourable. But I have never seen a case of

this kind in which there was not a septic focus in the depths of

the wound, with evidence of septic phlebitis or of osteomyelitis.

In the secretions of wounds that are complicated with pyaemia,

bacteria of various kinds can easily be seen in cover-glass prepara-

tions, and their different kinds can be ascertained and separated by
plate cultures. If the secretions of the wound contain nothing but
the ordinary pyogenic cocci they are almost odourless, but very often

bacilli (the various kinds of Proteus of Hauser) are likewise present,

and pi'oduce stinking substances. In a case that died of pyaemia
after internal urethro-

tomy, the writer found
bacilli and cocci in the

wound, which was ex-

ceedingly putrid, but
only streptococci in the

secondary abscesses. In
another case of pyaemia

following internal ure-

throtomy, Dr. Prudden
found Staphylococcus

pyogenes aureus in the

blood and internal or-

gans. The presence of

other bacteria along with

the pyogenic cocci in

cases of pyaemia helps

to explain anomalous
varieties which are met
with clinically, and
which have been called

septico-pyaemia or pyo-septhaemia (Gussenbauer).
In the lymph and amongst the pus corpuscles which cover the

surface of such septic wounds are various kinds of micrococci. In
the specimen shown in Fig. 30, cocci, diplococci, staphylococci, and
streptococci could all be discerned, as well as numerous bacilli. The
patient died of pyaemia after amputation of the breast.

The tissues around the wound when microscopically examined are
cedematous and hyperaemic, and infiltrated with purulent materials.

2. The condition of the vessels.— The lymph paths in
the vicinity of the lesion are choked with pus corpuscles, amongst
which are many bacteria, especially streptococci. It is easy to

understand that chains of cocci are more adapted to pass along
narrow lymph paths than the more bulky masses of staphylococci.

The lymphatics, however, are not the main channel by which the
cocci invade the blood. As is well known, the lymphatic glands
act as filters and prevent their onward progress. The veins, on
the other hand, play a most important part in pyaemia, and are

Kg. 30.—Section of the Tissues of a Wound which
caused Pyaemia. (From a micro-photograph by
Mr. Cosens.)
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the channels by -which the blood is usually invaded. The smaller

veins near the seat of infection are filled with thrombi, which consist

of fibrin, and of white and red blood corpuscles (many of which are

disintegrating), and of bacteria. Their endothelial lining is in a state

of proHferation, and the surrounding tissues contain many leucocytes.

When septic phlebitis affects the larger veins, they are distended and
of a dark purple colour. Their adventitia may be inflamed and
stained with blood pigment, and sometimes abscesses are found
along their course. Their walls are thickened and their interior is

rough, denuded of endothelium and coated with fibrin. The septic

or infected thrombus usually begins at the wound, or infecting

focus, and extends as far as the nearest valve, or into the nearest

great trunk. Here its softened end may float in the blood-stream,

so that portions become detached, giving origin to those septic emboli

which are characteristic of pyaemia.

The clotting of the blood in the veins is one of the consequences

of the septic phlebitis. As the latter spreads along the veins, so the

clot increases in size. But infective inflammations may also attack

healthy veins in which clots have previously formed. It is probable

that such clots in the proximity of septic wounds, by the ease with

which they become infected, facilitate the entrance of the bacteria.

When clots become infected the usual processes of organisation

cease, and they soften and disintegrate. Bacteria act upon blood

clots within the body in the same manner as they do upon culture

media of gelatine or blood-serum. They rapidly peptonise these

soft solids and convert them into fluids.

The close relationship of acute septic phlebitis to pyaemia explains

the dread which surgeons once had of operations upon, or injuries to,

the veins. Septic phlebitis and pyemia were common after injuries

to bones, especially those of the head, in which the veins are capa-

cious, destitute of valves, and incapable of collapsing. Pyaemia is a

frequent complication of septic phlebitis of the lateral sinus from
suppurative otitis media, and of injuries to the great veins about the

neck of the bladder and prostate.

Misled by the appearances of these softened and decolorised clots,

John Hunter, and afterwards Cruveilhier, were led to speak of

phlegmonous or suppurative phlebitis. In this the so-called pus—in

reality the septic and softened clot—was supposed to be secreted by
the wall of the vein. Cruveilhier further supposed that this pus was
carried away in the blood-stream, and deposited elsewhere to form the

metastatic abscesses. The extraordinary rapidity with which pysemic

abscesses form was naturally thought to confirm these ideas. The
existence of such a disease as suppurative phlebitis was disproved by
Arnott and Dance.

3. The infarcts and abscesses.—Yirchow threw a new light

upon the pathology of pyaemia when he showed that portions of the

softened and septic clots became detached, and carried as septic

emboli in the blood-stream to the heart, and thence onwards into

the pulmonary vessels. Here these septic emboli become arrested in
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the smaller arterioles near the edge of the lung, or at the bifurca-

tion of arteries. When once arrested, they excite two kinds of

changes in the wedge of lung supplied by the vessel which they

plug. The first change is more or less mechanical, and has to do
with the interruption in the circulation. It ends in the wedge of

lung supplied by the artery becoming filled with blood clot. The
exact way in which this occurs is not well understood, but is

supposed to be due to regurgitation of blood from the veins. The
result is called an "infarct," and the process "infarction." Thus,

whilst the clot is in a vein it is called a venous thrombus, when
detached an embolus, and when lodged in a vessel and accompanied
with vascular changes it helps to form a hemorrhagic infarct.

Wedge-shaped infarcts are found in the spleen and kidneys as well

as in the lungs.

The second set of changes which the septic emboli excite are

dependent upon the bacteria that they carry with them. These
changes are the same as those which the bacteria cause elsewhere,

and are an acute septic inflammation ending in suppuration. It is

this final stage which constitutes the pycemic abscess. Not in-

frequently the suppuration obscures the preceding hemorrhagic
infarction, and doubtless the latter often does not occur at all

(Hamilton). In this embolic process the blood clot itself acts a mere
passive part in the causation of the pyemic abscesses, and is by no
means essential for their formation.

Since the work of Recklinghausen, Klebs, Hueter, and others

the origin of the abscesses in the liver, kidneys, and elsewhere has

been clearly understood. The pyogenic cocci circulating in the

blood become arrested in the smaller capillaries and vessels and
form bacterial emboli, and excite inflammatory changes that end in

suppuration. The changes following the arrest of the cocci are, as

Weigert and Cheyne have shown, somewhat as follows :—The tissues

around the cocci undergo coagulation necrosis, and refuse to stain

with ordinary aniline dyes. Beyond this ring of coagulation necrosis

is a dense accumulation of leucocytes, which are the beginning of the

abscess ; beyond these there is acutely inflamed or engorged tissues.

The minute micrococci, which are circulating with the blood in

pyemia, find no obstacle to their passage through such relatively

coarse capillaries as those of the lungs. Thus we find that bacterial

emboli and pyemic abscesses may occur in any region of the body to

which the blood penetrates. They are commonest in organs and
tissues that have the largest supply of blood and the most entensive

capillaries, as, for instance, the lungs, liver, kidneys, spleen, brain,

muscles, serous and synovial membranes, in the heart, thyroid body,

parotid gland, testis, and eye. (See page 181.) Until the bacterial

origin of pyaemia was understood pathologists found it hard to con-

ceive how emboli, originating in a systemic vein, could elude the

capillaries of the lungs, and cause an abscess in an organ such, for

instance, as the liver. The perplexity was also increased by the

occasional presence of clots in the neighbourhood of the pyemic
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abscesses. These, of course, are formed in loco, and the mystery is

solved now that pyaemia is known to be due to bacteria, which are so

small as to circulate everywhere almost without hindrance, and that

it can be produced experimentally by the intravenous injection of

pure cultures of pyogenic cocci.

Although septic thrombi and emboli are not essential in pyaemia,

there is evidence to prove that they are important factors. Pyaemia

is caused with much greater ease in animals if, in addition to

pyogenic cocci, particles of some inert material are injected into the

veins at the same time. Pawlowsky used sterilised cinnabar and
Staphylococcus aureus, and produced typical pyaemia ; Ribbert

injected particles of the potato upon which S. aureus had been grown
;

Bonome used elder pith, and so forth. It

seems probable that the clot or foreign

body acts as a nidus in which the bacteria

are able to localise themselves, and multi-

ply without being washed away by the

blood stream. Healthy animals can get

rid, without much apparent harm, of con-

siderable doses of pyogenic cocci if they

be gradually introduced into the circula-

tion in suspension in distilled water, salt

solution, or even in filtered or dialysed

pus. Besides blood clots, probably many
other factors determine the arrest of cir-

culating bacteria in particular places.

4. Tlie localising1 ofthe bacteria.
—Huber found that when he inflamed a

rabbit's ear with blistering fluid, and then

inoculated the animal with anthrax, the bacilli accumulated in the

inflamed area. The effects of traumatism in causing the localisation

of circulating bacteria are well known. Bosenbach, Kocher and
others have caxised osteomyelitis by injuring the bone either before

or after the intravenous injection of Staphylococcus aureus. Here
the tearing of the vessels, the blood clots, and the lacerated tissues

are all conducive to the entanglement and arrest of bacteria. To
some extent similar influences are at work in causing the localisation

of the bacteria that cause pysernic abscesses.

In pyaemia the micrococci sometimes localise themselves upon the

valves of the heart and cause ulcerative endocarditis. This is

indicated by the usual cardiac murmurs and clinical signs of

valvular disease. Wyssokowitsch caused ulcerative endocarditis by
first injuring the valves of the heart, and afterwards injecting

pyogenic cocci into the veins.

5. The character and situation ofthe pyemic abscess.
—Pyemic abscesses are almost always small and multiple, but now
and then solitary abscesses of some size are met with. In a case of

this kind I found, in addition to the abscess, numbers of bacterial

emboli in the liver and kidneys. The pus in the larger abscesses is

Fig. 31.— Streptococci in Pus
from a Fysemic Knee. (From
a micro-photograph by Mr.
Cosens.)
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thin and watery, with shreds of necrosed tissues in it, and with a
slight characteristic odour, which is also smelt when pyogenic cocci

are grown by themselves in culture media. The pus contains vast

numbers of staphylococci and of streptococci. The largest accumula-

tions of pus are found in the joints or serous cavities, and usually

contain streptococci. Schuller found streptococci in twelve cases of

pyaemic arthritis following upon child-birth. The pus shown in

Fig. 31 came from the knee-joint of a youth who suffered from
pyaemia after a print-

ing-machine accident.

The hip and ankle of

the same leg were also

affected. Strepto-

cocci were also found

in the urine (Fig. 34).

Pyemic abscesses

have no distinct

walls, but are sur-

rounded by acutely-

inflamed tissues

which are infiltrated

with pus cells, and
with streptococci or

staphylococci. The
accompanying figure

was drawn from a

part of the wall of

a pysemic abscess

that followed a burn
(Fig. 32).

The position of

pysemic abscesses depends, as we have seen, to some extent upon
the kind of lesion in which the disease originated. In the Patho-
logical Society's Report on ^Septic Diseases (vol. xxx., 1879) a

hundred and ten cases of pyaemia are recorded. Abscesses oc-

curred in the lungs in fifty-seven of these, in the joints in twenty,

in the liver in twelve, in the spleen in eleven, and in the kidneys in

six. The above refers, of course, to gross lesions which could easily be
seen with the naked eye. Makins and Abbott have tabulated two
hundred cases of pysemia in which the infection was introduced in all

kinds of ways. These figures give a slightly different result. The
joints were affected in seventy-six cases, the lungs in sixty-six, the

lungs and pleura in seventeen, the pleura in sixteen, the liver in ten,

the spleen in twenty-two, and the kidneys in seventeen. Abscesses

occurred in the areolar tissues in twelve of the Pathological Society's

cases, and in sixty-nine of those of Makins and Abbott.

In pyaemia associated with acute infective osteomyelitis, necrosis,

and acute suppurative periostitis, acute suppurations are common in

the heart and pericardium. In Makins and Abbott's tables the

Fig. 32.—Section of the Wall of a Pysemic Abscess, stained
by Gram's method. (From a drawing by C. B. Lock-
wood.)
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pericardium was affected in 36 -5 per cent., and the myocardium in

26 -
8. In pysemia due to other causes the proportion was only 6*5

per cent, for the pericardium, and 2 per cent, for the myocardium.
Mr. Stephen Paget says that in eighteen cases of acute necrosis, ten

had abscess of the heart, and eleven abscess or infarction of the

kidney. Out of one hundred and forty cases of pysemia after

amputation, one had abscess of the heart, and one abscess of the

kidney. Mr. Paget has also shown that parotitis is common after

injuries to the abdomen and pelvis, and is often pysemic in origin.

It is an observation as old as Hippocrates that after injuries of

the cranium and its venous sinuses pysemic abscesses are formed
in the liver. Out of two hundred and seventeen cases of pysemia

after injuries involving the medulla of bone, fifty-six had abscess

of the liver and twenty-eight had abscess of the spleen. In sixty-

seven cases of pysemia after injury of the soft parts, four had abscess

of the liver and three had abscess of the spleen. Dr. Wilks believes

that the salivary glands are especially affected in the pysemia

which follows typhoid fever, and the joints in that which follows

scarlet fever. When pysemia follows septic phlebitis of the portal

veins, the pysemic abscesses are in the liver.

6. Tlie post-mortem appearances.—The body is emaciated

and the skin of a jaundice hue. Rigor mortis is slight ; bed-sores

are often present. A septic focus such as has been described will be

found, with the neighbouring veins in a state of septic thrombosis.

The lymphatics may be acutely inflamed, and the lymphatic glands

swollen or suppurating. Occasionally the seat of infection is hard

to find, but its absence cannot be assumed unless every part of the

body has been examined, especially the ear, alimentary canal, and
genito-urinary system. The blood is dark, thin, and watery, with

little tendency to clot, and prone to decompose. Its red cor-

puscles are diminished and the white increased (leucocytosis—Birsch-

Hirschfeld).

The valves of the heart, especially those of the left side, may be

inflamed and ulcerated. The inflammation may affect a large ex-

tent of the endocardium. The serous cavities may contain serous,

blood-stained, purulent or foetid fluid, and the surface of the heart,

lungs, or abdominal viscera may be covered with lymph. On mobile

organs like the lungs or heart this is often rough. Cerebral or

spinal meningitis may be found.

The viscera are usually engorged with dark blood, especially the

spleen, kidneys, and lungs. The changes found are as follows :

—

The lungs are usually engorged with blood, especially towards

their bases, and often have areas of broncho-pneumonia. Beneath

the pleura a number of small deep-red or opaque white elevations

can be seen and felt. Their size is variable, but the largest may
have a diameter of an inch. An incision shows that the deep-

red patches are wedge-shaped hsemorrhagic infarcts. The base of

the wedge is towards the surface. They are devoid of air, solid,

and sink in water, and look like damson cheese ; the expression
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"pulmonary apoplexy" is applied to lung in this condition. The
remains of a septic embolus may be found in a pulmonary vessel at

the apex of the wedge. The lung tissue around the infarct is in-

flamed, and the whole has undergone changes which end in abscess.

In the opaque whitish patches the various stages of an acute

broncho-pneumonia ending in suppuration may be traced. In the

centre is thin pus, then a zone of more solid greyish white lung,

and next a zone of acute broncho-pneumonia. The pleura over

these infarcts and abscesses is sometimes inflamed ; the pleural sac

may contain pus or blood-stained fluid, and its surface may be covered

with rough lymph full of streptococci or staphylococci.

Infarcts and abscesses are commonest at the surface of the

lungs and around the interlobular fissures. Small miliary abscesses

are frequently found in the substance of the lungs.

When pysemic abscesses occur in the liver they are nearly always

small and multiple, and scattered over its surface. Tropical abscesses,

on the other hand, are usually single and of large size. Dr. Wilks
is of opinion that pysemic abscesses are commonest at the back of the

right lobe of the liver, which, as he points out, is the most dependent
part when the patient is on his back. In pyaemia abscesses seldom
occur in the liver alone but are met with together with abscesses in

the lungs, joints, muscles, and other organs.

The spleen is usually enlarged to nearly a half more than its

usual size. It is dark purple and studded with infarcts and ab-

scesses, similar to those in the lungs.

The kidneys are swollen, mottled grey and red, and engoi-ged

with blood, so that the stellate veins, glomeruli, and vessels of the

medulla stand out as if injected. Small haemorrhages are common in

the cortex. Towards the capsule and at the junction of the cortex

and medulla are round or linear patches of suppuration, surrounded

by zones of acute nephritis. Pus is sometimes met with in the

interior of the kidney. Disseminated suppurative nephritis may be
extensive without presenting much change to the naked eye (Ziegler).

In this the vessels are dilated, and some of the capillaries filled with

micrococci. Around the glomeruli and smaller veins numbers of

leucocytes are extravasated, and are the beginning of abscesses

(Fig. 33). The renal epithelium is granular, degenerated, and de-

tached. The lumen of the tubules contains granular debris, albu-

minous coagulum, leucocytes, and often bacteria. Extravasation of

red corpuscles is also found between and within the tubules.

The suppurations which occur in the cellular tissues, muscles,

bones, brain, testes, ovaries, eyes, and elsewhere call for no special

description.

In pycemic arthritis the joint cavity is distended with thin pus,

which usually contains streptococci. {See Fig. 31.) The synovial

membrane is swollen and inflamed. The articular cartilages are

ulcerated, especially round their edges. In advanced cases the

bones may be carious, and periarticular abscesses may form. As a

rule several joints are affected in pysemic arthritis ; the knee, elbow.
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shoulder, ankle, wrist, hip, and sternoclavicular are those usually

involved , the knee the most often, and then the others in the order

in which they are placed.

The clinical phenomena of pyaemia.—The clinical history of

acute pyaemia accords with the account given of its pathology.

When the infective material which causes an acute pyaemia ia

introduced into

a fresh wound
an interval,

which is in

reality a period

of incubation,

elapses before

the general

symptoms be-

gin. During
this interval

the shock of

the injury dis-

appears, reac-

tion is esta- -,«h i^r^^BM:, iSJ^'F*
blished, and
the bacteria

multiply in the

wound. The
temperature of

reaction how- Fig. 33.—Acute Suppurative Nephritis in Pyaemia. Glomerular vessels
' full of micrococci, with surrounding infiltration of leucocytes.

ever, Seldom (After Ziegler.)

falls to normal,

but maintains the rise which marks traumatic fever. At the same
time the pulse and respiration are accelerated. After this interval

the symptoms, which are pathognomonic of pysemia, may be expected

to begin. A violent rigor, which shakes the bed, occurs, and whilst

it is at its height the temperature rapidly increases, and may reach

some unusual degree—say 106° to 107° F. The rigor is followed

by profuse sweating, which makes the bedclothes wringing wet, and
the temperature falls as rapidly as it rose, but seldom falls to normal.

During the rigor the pulse and respiration are accelerated, and the

patient is greatly distressed.

In pysemia the rigors recur at irregular intervals. The irregular

and rapid alterations in the temperature, with the accompanying

rigors, are typical of pysemia, and help to distinguish it from ague,

malaria, acute rheumatism, typhoid fever, and septicsemia. In the

last there is usually a single rigor at the commencement, and it is

not repeated. In pysemia a continuance of the rigors renders the

prognosis hopeless. A single rigor soon after an operation has no

particular import. It may merely be due to cold and exposure, or

to the severity of the operation, and will not recur after reaction is

established. Rigors, too, are comparatively common after operations
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upon the urethra, prostate, or bladder, and have no especial gravity

if they are early and unaccompanied with other signs of septic

infection. The rigors which characterise ague or tropical fevers are

also precipitated by operations, and might be a source of alarm if

their origin were unsuspected.

The symptoms attending pycemic abscesses vary greatly. A rigor

usually marks the occurrence of a fresh infarction or of a new purulent

deposit. These may be painless, but as a rule they cause a sudden and
acute stabbing pain. In the lungs this is accompanied with shortness

of breath, the formation of an area of dulness, and the expectoration

of blood-stained or rusty sputum ; in the liver by swelling of the

organ and by jaundice ; in the spleen by enlargement ; in the kidneys

by albuminuria, sometimes by hematuria, and by bacteria in the

urine ; in the eye by pain and blindness and increased tension ; in the

brain by delirium, coma, and cerebral symptoms ; in the heart by
rapid and irregular action and endocardial murmurs. Abscesses which
form in accessible positions appear with great rapidity, and are accom-

panied with the usual signs, as are also empyema, pyo-pericardium,

and suppurative peritonitis. The joint suppurations which compli-

cate pyaemia simulate acute rheumatism. As several joints may be
involved, and as they have all the clinical features of acute arthritis,

the mistake is easily made. However, doubt can easily and safely be

set at rest by aseptic puncture with an aspirator should the other

clinical signs not point to a correct diagnosis.

In some instances no local symptoms attend the filling of the

joint with pus.

In pyaemia the patient's aspect betokens the gravity of the disease.

The complexion is pale or jaundiced, the eyes are sunken, the cheeks

are hollow, and the lips and tongue dry or covered with aphtha?,

ulcers, or sordes. Wasting of the tissues is rapid, and bed-sores

soon form. The mind is full of apprehension and very despondent.

Delirium is common. The bowels may be confined, but towards the

end diaiThoea is not infrequent. The urine is scanty, dark-coloured,

and of high specific gravity. The breath and exhalations are sup-

posed to have a peculiar sweet odour in pyaemia. They merely

smell the same as old cultures of pyogenic cocci.

As we have already seen, the wound is, as a rule, in a state of

acute septic inflammation. It is painful, throbbing, hot, swollen,

red, with inflammation of the nearest lymphatic vessels and glands.

The veins may be tender to the touch, hard, and plugged with clot.

The discharges, the blood, and the urine should be examined bacterio-

logically. The urine should be obtained fresh in a sterilised test-tube.

A little of it boiled with acetic acid gives a trace of albumen. Cover-

glass preparations of the sediment yield cocci or streptococci. I believe

this to be an almost constant sign if properly sought for. The
accompanying specimen was obtained from the urine of a youth

whose leg was amputated for a machine accident (Fig. 34). He also

had streptococci in the pus in his joints (Fig. 31).

Recent investigations (Sherrington) tend to show that the
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bacteria do not escape until the kidneys have been injured by their

presence or, in other words, that normal kidneys do not excrete

bacteria. I have always found acute disseminated nephritis and
often abscesses when the pyaemic urine has contained cocci.

During pyaemia various skin eruptions occur. These in the order

of their frequency are erythema migrans, purpura, papules, pustules,

vesico-pustules, urti-

caria, milium, and
sudamina. The ery-

thema may resemble

erythema nodosum
or be like German
measles. Recently I

have seen a case in

which it was mis-

taken for scarlatina.

Makins and Abbott
mention a case of

the same nature. The
rashes of pyaemia are

similar to those of

septicaemia, of which
Aulas mentions the

following varieties

:

zona purpura, simple

or papular erythema,

urticaria, vesico-pus-

tular, and miliary

eruptions. Some of these are very rare, but in neither pyaemia nor

in septicaemia are mistakes likely to occur if a thorough examina-

tion of the local and general symptoms be made.

Prognosis.—Death from pyaemia is seldom delayed beyond the

fortnight. The average duration of forty-one cases complicating

acute infective osteomyelitis was twelve days. In a hundred and
thirty-three cases of ordinary pyaemia it was 10*15 days (Makins
and Abbott). Recovery from pyaemia is a slow and anxious process,

liable at any time to be complicated with rigors, which portend

recrudescence of the disease. Recovery only ensues when the pyaemia,

which has had an acute beginning, has been chronic for a long period.

The prognosis, therefore, is more favourable as time elapses. The
average duration of four cases which recovered was one hundred and
thirteen days, and in four others the duration was thirty-one days,

one hundred and forty-three days, one hundred and ninety-three days,

and eighty-six days respectively (Makins and Abbott). The pro-

gnosis is more favourable when the pyaemic abscesses attack the limbs,

or are confined to the areolar planes. The prognosis is most unfavour-

able when the abdominal and thoracic viscera are affected. The
only difference betwixt acute and chronic pyaemia consists in their

duration and in the severity of the symptoms.

-Streptococci in Pyaemic Urine. (From a micro-
photograph, by Mr. Cosens.)
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Treatment.—The treatment of pyaemia is preventive and cura-

tive. The preventive treatment of pysemia mainly consists in the

correct practice of antiseptic surgery. The only case of pyaemia
which I have had was after an amputation for an acute osteomyelitis

of the femur. In this it had undoubtedly arisen before the opera-

tion. Cases of suppuration of any kind are to be isolated as far as

possible, and all who are in contact with them taught the dangers

of the conveyance of infection from them. These remarks apply

with greater force to cases of pyaemia.

Some of the dangers of infarction and embolism may be obviated

by keeping the patient absolutely at rest. I have seen a fatality

which seemed directly caused by neglect of this precaution.

The curative treatment of pyaemia is exceedingly unsatisfactory

—

drugs are of no avail. Full doses of quinine help to diminish the

severity of the rigors. Every effort should be made to sustain the

strength with concentrated and peptonised foods, and with alcohol.

The latter may be administered in considerable quantities in the form
of brandy, port, burgundy, or champagne. If pain be severe, ano-

dynes may be given to relieve it and induce sleep. Abscesses should

be opened early whenever they occur in accessible places. A pyaemic

abscess is a new focus from which a fresh invasion of micrococci

and of ptomaines may enter the blood. The most rigorous attempts

should be made to open up and disinfect the focus of infection.

When this is in the tympanum or mastoid antrum the internal

jugular vein should also be exposed in the neck and ligature if there

be evidence that there is a septic clot in the lateral sinus. Mr.
Clutton has published a case of this kind which recovered, although

abscesses had formed in some of the joints. When the pyaemia is

due to acute infective osteomyelitis, amputation ought, in some cases,

to be performed, especially if there be no evidence of abscesses or

infarcts in internal organs.

The suppurating joints ought to be incised and drained. This

is usually followed by relief, and does not necessarily end in anky-
losis should the patient eventually recover. Should the suppurative

arthritis have damaged the joint irretrievably it would be better to

amputate the limb than to run the risks of prolonged suppuration.

To prevent pathological dislocations and displacements of the joints,

the limbs ought to be put in suitable splints and apparatus.

Whatever incisions or operations are performed in pyaemia, should

be done under the usual antiseptic precautions. Although the

abscesses contain pyogenic cocci, yet they are capable of being

infected with other bacteria.

In chronic pyaemia similar principles are to be followed.

Abscesses should be opened, but there is less need of haste in

performing amputation or incision. The further danger of damage
to the kidneys, as evidenced by albuminuria, and of amyloid de-

generation of them and other organs, has also to be reckoned with.

In chronic pyaemia sea-air sometimes works wonders.



IX. TETANUS AND TETANY.

By C. B. LOCKWOOD, F.E.C.S.,

Assistant-Surgeon to St. Bartholomew's Hospital ; Surgeon to the Great Northern
Hospital.

Definition.—Tetanus (Greek, reivw, I stretch ; riravoe, a stretch-

ing) is one of the traumatic infective diseases in which the poison,

acting through the nervous system, causes violent, continuous,

painful contractions of the voluntary muscles of the body.

The muscular spasms which are characteristic of the disease are

of the tonic kind, being continuous; they are, however, liable to

exacerbations marked by violent intermittent clonic contractions,

followed by periods of comparative rest, though very seldom by
complete relaxation. Special groups of muscles are affected in an

almost constant order, and the disease runs a rapid and fatal course.

When muscular spasms begin gradually, persist evenly for some
time, and then gradually subside, they are called " tonic spasms."

But when the onset is sudden, the contractions violent and intermit-

tent, with sudden cessation, they are called "clonic."

iEtiology.—Tetanus is now a comparatively rare disease in

European hospitals. During sixteen years, from 1878 to 1893, only

thirty-one cases of it were treated in St. Bartholomew's Hospital.

Climate.—In the tropics it is a common disease, especially among
negro infants ; indeed, all the dark races seem to possess a special

proclivity to tetanus. Generally speaking, the inhabitants of warm
countries suffer more than those of cold or temperate climates.

Nevertheless, more cases occur in England in winter than in

summer. Military surgeons have observed that those who were

wounded during inclement weather were more likely to die of tetanus

than those injured when the weather was salubrious.

Sex.—Tetanus is much commoner in males than in females. The
proportion usually given is four to one. Out of thirty-one persons

treated for tetanus in St. Bartholomew's Hospital, three were females,

and twenty-eight men. The greater liability of males to injuries will

go far to explain this disproportion, although the excess might be

expected to have been reduced if the lesions incident to parturition

be taken into consideration.
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It has not been shown that females enjoy any especial immunity,
nor is the mortality of the disease less hijjh in that sex.

Constitutional condition.—This has little to do with the liability

to tetanus, except that those who are young and debilitated are

more easily affected by a given dose of the poison than those who
are mature and strong. But not only the quantity of the dose,

but also its quality, and the manner of its introduction, have to be

taken into consideration.

Injury.—When accompanying a wound, tetanus is called " trau-

matic." In the absence of any obvious wound or puncture, it is

called " idiopathic," but since the infective nature of the disease has

been better known, and the point of inoculation has been more dili-

gently sought for, idiopathic tetanus has become a rapidly-decreasing

disease.

It may follow the most trivial injuries. The prick of a thorn or

of a hypodermic needle, the bite of an insect, the impaction of a

h'sh-bone in the fauces, a slight graze upon the pinna, the piercing

the ears for ear-rings, circumcision, and a slight wound of the tongue,

have all sufficed to inoculate the disease. Anomalous cases have
been described by competent observers. In these tetanus has fol-

lowed subcutaneous injuries, such as a contusion of the back (Mor-

gagni), a dislocation of the finger (Richelot), the effort to prevent a

fall (Verneuil), or the blow of a whip-lash upon the face, the skin

being unbroken (Watson). The minute wound by which the inocu-

lation may have occurred is often healed long before the symptoms of

tetanus commence, and thus may easily have been overlooked. The
records of cases prior to our knowledge of the infective nature of

tetanus are not very trustworthy. As a rule, the word " idiopathic
"

merely means that a lesion has not been looked for or has not been

found.

In traumatic tetanus the starting-point is most often a wound of

one of the extremities. This is merely because wounds of the

extremities are by far the most frequent. Tetanus may follow any
kind of wound, but is commonest after those which are punctured,

lacerated, or septic.

As actual examples may be mentioned three consecutive cases

that were caused respectively by a stick driven into the face, a

splinter of wood driven into the finger, and a rusty nail driven into

the foot. In each instance the implement had been in the earth.

Wounds and compound fractures caused by the wheels of vehicles are

also apt to be followed by tetanus ; also gunshot wounds, especially

those which occur in war, and which do not have immediate and
proper attention. Tetanus has occurred after wounds inflicted by

the surgeon, and has been met with after all kinds of amputations,

excisions, herniotomies, ligature of arteries, and even after trivial

operations—such as tenotomy, ligature of hsemorrhoids, ligature of

varicocele, or evulsion of toe-nails. All these accidents betoken want
of care in antiseptic precautions. One surgeon is said to have lost

ten major operations from tetanus before he discovered that his
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haemostatic forceps were infected (Roswell Park). In the tropics

tetanus is exceedingly liable to follow severance of the umbilical

cord (trismus neonatorum). Mr. Mandy suggests that this is

due to earth contamination, as all the nurses are field-labourers.

Wounds that are followed by tetanus are, as a rule, septic. Sup-
puration, ulceration, sloughing, and phagedsena are frequently asso-

ciated with the sepsis. An ulcer caused by an ill-litting plaster of

Paris case, which had been applied for tuberculous disease of the

ankle, was the starting-point in a case in St. Bartholomew's Hospital,

and foul and sloughing burns sufficed in two others. A dustman was
inoculated through a chronic ulcer of the leg which had existed

fifteen years, and two other men with chronic ulcers of the legs died

with most acute tetanus. Evidently the wound need not be a

recent one.

An account of the bacillus of tetanus will be found on page 44.

Period Of incubation.—After inoculation the onset of

tetanus is always preceded by a period of incubation, during which
the patient may seem quite well, although careful inquiry usually

elicits that indefinite symptoms, feverishness, epistaxis, or shivering

have preceded the attack. No definite limit can be assigned to this

period of incubation. In the Peninsular War, during which tetanus

was very prevalent, it was never longer than the twenty-two days.

In a child aged 4 years tetanus began on the fourth day, in a youth
of 14 on the tenth day, and in a strong young man on the sixteenth.

The period of incubation seems to be shorter in childhood, but the

second week is the period during which the attack is most likely to

occur. Those cases, in which the convulsions supervened directly

after the injury, are probably spurious. Trismus neonatorum is

popularly called ' nine-day fits," from the time after birth at which
the disease usually commences. In such cases as those of burn,

chronic ulcer, and septic wound it must obviously be very difficult

to say exactly when the bacillus was introduced.

Degrees Of tetanus.—Tetanus is called acute or chronic,

according to the severity of the symptoms. In acute tetanus the

incubation is, as a rule, short. The onset of the symptoms is quick,

and they soon culminate and run a rapid course. The end is almost

invariably fatal. In chronic tetanus the incubation is, as a rule, a

long one. The symptoms appear gradually, are mild and prolonged,

and gradually disappear. Recovery is comparatively frequent. How-
ever, this distinction of acute and chronic tetanus is decidedly

artificial. Intermediate degrees of severity are frequently met with.

Symptoms Of tetanus.—It has been already stated that tetanus

is a disease of the nervous system, manifested by tonic spasms of

the voluntary muscles. Various groups of voluntary muscles may
be affected. Those supplied by the motor division of the fifth nerve, by
the seventh, by the spinal accessory, and nerves of the cervical plexus

are usually the first to suffer wherever the original injury may have
been. Very often the muscles of the neck are the first to contract,

so that the patient thinks he has got a stiff neck from sitting in a
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draught, or that he is suffering from a slight attack of rheumatism.

The muscles of mastication are involved at an early stage. The con-

tracted temporals and masseters stand out in bold relief, and the

jaws are tightly clenched. This very constant symptom has given

rise to the popular name of the disease—"lockjaw." The scientific

designation of this symptom is trismus. At first the spasm is

incomplete, and can be increased voluntarily ; but it afterwards

increases, and at times the muscular spasms clash the teeth violently

together, causing them to fracture, and sometimes lacerating the

tongue or cheeks. The symptoms may begin with difficulty in

swallowing, as in the case of a man who cut the tip of his finger off

with a pair of shears. This symptom is due to spasm of the muscles

of the fauces and pharynx.

When the tetanic spasms affect the muscles of expression, a

characteristic feature of the disease, the risus sardonicus, is produced.

In this, as Sir Thomas Watson forcibly says, "The forehead is

corrugated and the brow knit, the orbicular muscle of the eye

rigid, the eyeball motionless and staring, the nostril spread, the

corners of the mouth are drawn back, the set-teeth exposed, and all

the features fixed in a ghastly grin." When the tetanic contractions

seize the muscles of the trunk, those of the abdomen and back suffer

most. The powerful extensors of the back may act with such

violence that the trunk becomes rigid and is thrown from the bed
with the back arched and the abdomen projected into the air, so

that the patient is supported upon his head and his heels. This

condition is called opisthotonos. The abdominal muscles are nearly

always contracted in tetanus, and usually at an early stage. Their

rigidity gives a peculiar board-like feeling to the abdomen, which is

very characteristic. When violent clonic spasms supervene upon
the tonic contraction of the abdominal muscles the trunk may be

bent forwards, so that the chin touches the knees. This condition,

which is the reverse of opisthotonos, is called emprosthotonos. The
diaphragm and the other muscles of ordinary and of extraordinary

respiration may all undergo spasmodic contractions, and respiration

becomes impossible, the chest being held as if in a vice (Watson).

Sometimes the body is bent to one side by the muscular contractions.

This is one of the rarer manifestations, and is called pleurosthotonos.

Should the muscular spasms balance one another, so that the body
remains stiff and rigid like a statue, the condition is called orthotonos.

The muscles of the limbs seldom escape. Their contractions are

sometimes so violent that the muscles are torn across, and. the thigh

bone even has been broken. As a rule, the limbs are extended, Avith

stiffness of the joints, those nearest the trunk being more stiff than

the others. Oftentimes the hands and feet are quite unaffected

although I have seen the hands tightly clenched. When many
groups of muscles are implicated at once the whole body is con-

vulsed. These tetanic convulsions precede the fatal ending.

In tetanus produced experimentally in animals, the spasms often

begin in the groups of muscles nearest the point of inoculation.
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A child under my care ran a stick into his face whilst playing

in the garden. Four days afterwards the facial muscles began to

twitch, and this was followed by trismus and opisthotonos. Similar

instances are mentioned by Fagge and others. According to Rose,

of Zurich, facial paralysis may accompany tetanus, especially when
the original lesion is in the distribution of the facial nerve. In
these circumstances an ascending neuritis is supposed to ensue, and
to cause swelling with compression of the nerve within its bony
canal.

The tetanic muscles feel as hard as stones, and their bellies stand

out in knotted masses. They are the seat of horrible pain, com-
parable to that of violent cramp. Oftentimes their fibres rup-

ture, causing bruising and extravasations of blood. Even such
muscles as the psoas and rectus femoris have been found to

be torn across. The affected muscles are usually painful when
manipulated.

The paroxysms of clonic spasm, which supervene upon the

tonic spasm, do not occur spontaneously at the beginning of the

disease, but are usually excited by some trifling irritant acting

through any of the senses. For instance, they may be caused by
sounds, such as the banging of a door, the moving of furniture,

or by loud voices. They are also excited by strong light, by vibra-

tions, by joltings, by currents of air upon the skin or the contact

of bed-clothes, by the patient's own efforts to eat or drink, or even
by his emotions.

The difficulty in swallowing, and the dyspnoea caused by efforts

to drink, simulate hydrophobia. Indeed, the resemblance is some-

times so close that a tetanus hydrophobicus has been described. In
this the muscles of the face, as well as those of the larynx and
pharynx, are especially involved. However, the resemblance be-

twixt tetanus and hydrophobia is very slight in ordinary cases.

From the above it will be noted that the spasms of tetanus are

to no small extent reflex in their nature. A slight peripheral

efferent stimulus, acting upon the over-irritable nerve-centres of

the medulla oblongata and spinal cord, produces through the

efferent nerves violent tonic and clonic spasms. The nature of

the poison which causes the exalted reflex activity of the nerve-

centres will be discussed later. It is to be noted that as the disease

progresses the spasms become more spontaneous, and recur with

augmented violence, frequency, and pain.

In tetanus the general condition suffers less than might be ex-

pected from the severity of the symptoms. The mind is clear, though

full of apprehension. There may be slight delirium towards the

close. Sleeplessness prevails, although patients have been known
to fall asleep spontaneously, the muscles becoming soft and yielding

for the time.

Verhoogen and Baert mention a rash like erysipelas which fre-

quently precedes the acute symptoms. What was thought to have

been an erysipelas preceded tetanus in the case of a youth who was
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in St. Bartholomew's Hospital with a septic and lacerated wound
of the buttock.

Fever is not a necessary accompaniment of tetanus. The tem-
perature is sometimes normal throughout an attack. As a rule,

however, a moderate rise of temperature is met with, the ther-

mometer registering 100° F. to 102° F. Just before death, as

Wunderlich pointed out, hyperpyrexia is common. Thus a tempera-

ture of 110° F. has been seen before death, and immediately after

has risen to 112° F.

As a rule, profuse perspiration accompanies the tetanic convul-

sions. The exudation may be sufficient to soak the garments of the

patient and the bed-clothes. It has been supposed by some that this

free secretion of sweat has a favourable influence upon the course of

the disease, and, therefore, it has been promoted by vapour baths,

and by the subcutaneous injection of pilocarpine. Both of these

remedies have enjoyed some repute.

In tetanus the pulse only undergoes such alterations as might be
expected to be caused by the violent exertions of the muscles. At
first it is natural, and merely increases in frequency during the con-

vulsions. When exhaustion supervenes, it beats feebly, and with

uncountable rapidity. By some this last symptom has had import-

ance attached to it, and it has been considered a sign of paralysis

of the vagus. Many patients die from sudden cessation of the heart's

beat. It is much disputed whether this is due to cardiac paralysis

or to cardiac spasm.

Respiration is unembarrassed so long as its muscles are unaffected.

It merely becomes deeper and quicker during the convulsions. But
when the abdominal muscles become rigid, they cease to act in ex-

piration, and as the muscles attached to the thorax become tetanic,

the chest is held " as if in a vice," and dyspnoea becomes an urgent

symptom. The diaphragm, without doubt, participates in the tetanic

spasm, and its forcible contractions help to account both for the

dj^spncea and for the pain which is so often complained of in the

sternum and pit of the stomach. The fear of impending suffocation

is one of the most painful features of this horrible disease.

The spasm of the respiratory muscles may be so extreme as to

cause sudden death, and sometimes this occurs at a very early stage.

It is also probable that the muscles of the glottis may be involved in

the spasm, the patient becoming deeply cyanosed during the closure

of that aperture. In the case of a man aged 27, who was inoculated

through an ulcer caused by a plaster case, tracheotomy was per-

formed without any relief of the dyspnoea and cyanosis. * But accord-

ing to Bauer, the danger of dyspnoea is always obviated by the

muscular relaxation spontaneously caused by the carbonic-acid

poisoning.

The urine is usually normal in tetanus, although albuminuria and

hematuria are said to have been observed. Both of these conditions are

* St. Bartholomew's Hospital Reports, 1884.
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met with in. other infective diseases. Perhaps a more careful record

would show that they occur oftener than is suspected. When the

sweating is very profuse, the quantity of urine is diminished, and
inability to swallow liquids brings about the same result. Owing to

spasm of the compressor urethrse and the rigidity of the abdominal
muscles, there may be retention of urine. It is important, therefore,

that the state of the bladder be always ascertained.

Obstinate constipation is constant in tetanus. The tongue is foul

and the bowels refuse to act for days together. The constipation

cannot be altogether explained by attributing it to the condition of

the expiratory muscles or to spasm of the sphincter. It is seen at

the beginning of an attack, and long before those muscles are in-

volved. Ordinary mild purgatives are powerless to overcome it, and
such drugs as croton oil do not always act, unless in full doses. The
motions are of a dark colour, and sometimes abominably foetid.

Diagnosis Of tetanus.—The differential diagnosis of traumatic

tetanus ought to offer few difficulties.

(1) Trismus, and even opisthotonos, are sometimes simulated by
hysterical females, However, the other features of the disease are

wanting, and an anaesthetic at once puts any doubt at rest. The im-

paction of a wisdom tooth, or inflammatory affection of the jaws, may
also cause a spurious kind of trismus. The finger would promptly
detect this occurrence. The retraction of the head is much alike

both in tetanus and in cerebro-spinal meningitis. The cephalalgia,

high temperature, vomiting, optic neuritis, paralysis, stupor and
coma which accompany the latter disease suffice for its discrimination.

(2) It has been already mentioned that there is a resemblance
betwixt tetanus and hydrophobia; but in hydrophobia there is no
trismus, and in the intervals between the convulsions there is a
complete absence of spasm.

(3) In strychnia poisoning the convulsions are tetanic in char-

acter, and there may be pronounced opisthotonos, with spasms of the

muscles of respiration. The suddenness of the onset of the muscular
spasms, the rapidity with which they become general, the absence of

muscular rigidity during the intervals, the discovery of strychnia and
brucia in the urine, the rapidity with which death or recovery occurs,

and spasm of the muscles of the hands (Fagge), may all be adduced
as aids to differential diagnosis.

(4) Tetany is dealt with on page 200.

Prognosis Of tetanus.—The prognosis of tetanus is most un-

favourable. At Guy's Hospital 72 cases were treated between 1825
and 1857, inclusive, and 60 of them died. At St. Bartholomew's

Hospital 31 cases were treated between 1878 and 1893, inclusive, and
of these 20 died. It is also to be noted that nearly all the cases

which recover are either chronic or " idiopathic."

The so-called idiopathic tetanus seems less fatal and more chronic

than traumatic tetanus. For obvious reasons the first class has

hitherto been admitted into the medical wards, and I find that at

St. Bartholomew's Hospital, out of eight such cases, five recovered
;

H
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whereas, out of twenty-three cases treated in the surgical waids, no less

than seventeen died. Of the six surgical cases which recovered, it is

stated that three were idiopathic. It may be assumed, perhaps, that

if the point of inoculation be so minute as to have been overlooked,

and the case, therefore, called idiopathic, that only a very small dose

of tetanus bacilli can have been introduced. Recovery is more likely

in an attack which has had a long incubation, which is mild in its

symptoms and prolonged in its course. However, danger is to be
apprehended so long as the spasms continue. Since Hippocrates,

survival beyond the fourth day of the attack has been considered a

favourable indication. Few cases die before the third day. As a

rule tetanus is fatal between the third and seventh day (Fagge).

Death may, nevertheless, be much deferred. It has ensued upon
the twenty-eighth, thirty-second, and thirty-ninth days. In a case

of Mr. Golding-Bird's, the spasms subsided upon the fifty-first

day, but the patient (a boy) became emaciated and covered with
bed-sores, and ultimately died upon the hundred and seventh day.

Death from prostration and exhaustion seems not unusual after the

subsidence of tetanus. Convalescence is usually slow, and some
stiffness and spasm may persist for many weeks, or even months,

after the attack.

Morbid anatomy.—Injuries to nerves have always been

supposed to play an important part in the pathology of tetanus. It

has been much discussed whether injuries of the great trunks or

their smaller branches were the most likely to cause the disease.

Weir Mitchell collected statistics which showed that the peripheral

nerves were most involved. He says " the tendency towards
irritation, l'esulting in spasm, seems to increase as the nerves divide

and approach the skin." Now, of course, we know that tetanus is

an infective disease, and is almost invariably inoculated through the

skin, so that the peripheral nerves must be implicated. Tetanus
leaves no characteristic post-mortem signs. A wound can usually be
found, and it is, as a rule, obviously septic. Rigor mortis is generally

well marked. Laceration of muscles and ecchymoses may be present

when the convulsions have been severe. The thoracic and abdominal
viscera may appear normal, but sometimes there is engorgement of

the spleen and kidneys, as in other infective diseases (Verhoogen and
Baert). When death has been due to suffocation, the heart and
lungs will show the usual characteristic signs. In the nervous

system the spinal cord and its membranes have been found congested

and inflamed. However, as is well known, congestion of the spinal

cord is apt to be caused by the gravitation of blood into its

capacious and valveless veins, or to dyspnoea. Perhaps a little more
importance may be attached to areas of softening, which have been

noted by Clarke and others in the grey, and sometimes in the white,

matter of the cord. It is, however, a question how far these are

due to decomposition. The brain, especially the pons and medulla

oblongata, may also be congested in a manner similar to the cord,

and probably for similar reasons. Small localised haemorrhages have
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been found in the substance of the spinal cord and of the medulla

oblongata.

The peripheral nerves which are connected with the wound are

frequently in a condition of acute, septic, ascending neuritis. This

may have proceeded as far as softening or sloughing. Carle and
liattone caused tetanus with portions of inflamed nerves, and
Giordano produced it with pus from the sheath of a nerve. Ecchy-

moses are sometimes seen in the sheaths of the inflamed nerves. In
doubtful cases light might be thrown upon the cause of death by
inoculation experiments upon rodents. The pus, margin of the

wound, inflamed nerve, or cord, or cerebro-spinal fluid may be used.

The first of these has been the most efficacious. It is necessary to

place a considerable quantity of the infective material in a pocket

beneath the animal's skin. Buedinger and Schnitzler have recently

attributed great efficacy to portions of the lymphatic glands in the

vicinity of the point of inoculation.

The morbid histology of tetanus has hitherto thrown little light

upon its pathology. The microscopical examination merely confirms

the anatomical appearances. It shows that there may be hyperemia
of the cord, medulla, and pons Yarolii, with exudation of leucocytes

into the perivascular lymph spaces. In cases which I have examined,

the pia mater and arachnoid were especially the seat of these

changes, which were accompanied by proliferation of endothelium.

The patches of softening and the small haemorrhages exhibit nothing
which calls for a special description. The neuritis has also the

ordinary histological characters.

We owe nearly all our present knowledge of the pathology of

tetanus to experimental pathology. The infective nature of the

disease has been long suspected. As long ago as 1870 inoculation

experiments were performed by Arloing and Tripier, and subse-

quently by others, but with negative results. Some have failed

because they used dogs, which are refractory to the disease.

It is only during the last ten years that the infective nature of

tetanus has been definitely proved. In 1884 Carle and Hattone caused

tetanus in rabbits by inoculating them with a solution of the skin of

a person who had died of tetanus. In the same year Nicolaier

published his essay upon infective tetanus. "When this observer was
experimenting upon rodents with earth and dust from fields, gardens
and roads, he discovered that some died of malignant cedema, or, as

we more commonly call it, acute spreading traumatic gangrene, and
others of true tetanus. This was transmitted to other animals b}>

inoculating them with material from the place in which the earth

had been inserted.

Nicolaier attributed this result to a slender bacillus, an observa-

tion which was confirmed by Rosenbach (1886) and Bonome, who
described the characteristic drum-stick appearance of the spore

-

bearing bacilli. Neither of these observers succeeded in separating

the tetanus bacillus in pure cultures. In 1889 Kitasato, a Japanese
worker in Koch's laboratory, succeeded in achieving this important

h 2
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step, and obtained the first cultures of tetanus bacilli uncontaminated
with any of the bacteria of putrefaction or sepsis, with which they
are almost invariably associated.

Tetanus bacillus.—This micro-organism (Fig. 35) has been de-

scribed elsewhere (page 44), and it is only necessary to mention here

those peculiarities which are of particular importance to surgeons.

A feature of especial interest is its extreme abhorrence of free oxygen.

It is an obligatory anaerobe, and the presence of air, and probably

of oxygenated fluid like the blood, is inimical to its propagation.

Thus it is prone to live and grow in wounds which are deep and
punctured. A suitable absence of oxygen may also be brought about

by the simultaneous

growth of oxygen-

loving bacteria, such

as those which cause

putrefaction. Thus
the tetanus bacillus

is favoured by sepsis.

Indeed, Yaillard and
Vincent go so far as

to say that the pres-

ence of septic organ-

isms is indispensable,

and that apart from
them the tetanus ba-

cillus cannot form
its toxins. This is

much disputed. The
next characteristic of

the tetanus bacillus

is its great resistance

to the two most com-

mon forms of disin-

fection—namely, heat and chemicals. The spores and spore-bearing

bacilli resist the temperature of 80° 0. for an hour, but are killed by
five minutes' stay in the steam steriliser at 100° 0. (Kitasato).

Chemicals act somewhat feebly upon the bacillus of tetanus.

Kitasato ascertained that they were still virulent after ten hours'

immersion in 5 per cent, carbolic lotion, but that fifteen hours' killed

them. A solution of perchloride of mercury, one part in one

thousand parts of water, with 5 per cent, of hydrochloric acid, killed

them in thirty minutes, although the same strength of perchloride

without the acid took three hours.

Almost any surface soil or dust will produce the so-called " earth

tetanus," and it has been caused by dust, mud, or soil from gardens,

fields, roads, and buildings, especially churches. Further, anything

which has been contaminated with such dust, mud, or soil becomes
capable of transmitting the disease. Yerneuil has attributed this to

the admixture of horse-dung. The equine origin of tetanus has had

Fig. 35.—Bacillus of Tetanus. (After Fraenkel and Pfeiffer.)
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much, credence given to it in France. Of late years cases of tetanus

have been recorded there as being of exceptional interest, because no
contact with horses or horse-dung could be discovered. Horses and
those who work amongst them are somewhat liable to tetanus. Poland
relates—quoting Hurtel d'Arboval—that twenty-four horses were
castrated on the same day, and afterwards led four times a day
through a pond of water supplied by a very cold spring. Sixteen of

them died from tetanus between the tenth and fifteenth day after

the operation. In this brief account the cold spring is especially

mentioned to support the " cold theory " of tetanus. Verneuil gives

a great number of instances of the transmission of tetanus by
veterinary tools, and amongst those who had had to do with horses.

Park asserts that although tetanus is rare amongst sailors, yet when
it does occur it is almost exclusively on board of ships used for the

transportation of horses. The following is an example of earth

tetanus in a human being :—A boy aged four years was under my
care for a fatal attack of tetanus, which had been caused by a

punctured wound of the face. Whilst playing in the garden he ran
a piece of firewood into the subcutaneous tissue of the face. A
drachm of the gar-den soil was placed in a pocket beneath the skin of

a rabbit. It died of tetanus, as did also mice which were inoculated

from the tenacious white lymph which formed where the earth had
been inserted. It is recorded by those who took part in the last

Stanley expedition that the natives poisoned their arrows with
juices mixed with earth, and that many of those injured with them
died of tetanus.

Within the body the comportment of the tetanus bacillus is not

well understood. Its presence at the seat of inoculation is beyond
doubt, and can be ascertained by inoculation experiments and by
microscopical examination. Both the typical drumstick spore-bearing

and non-spore-bearing bacilli are found in the pus or discharges from
the wound. A cover-glass preparation stained with carbol fuchsin

gives the best results. The tissues in the proximity of the wound
are, at early stages, infective, and Beumer and others have caused

tetanus with them ; but, like other observers, I have failed to find

the tetanus bacillus in the tissues of the wound.
Tetanus bacilli cling to splinters of wood or foreign bodies, such

as are found in wounds. Many observers have caused tetanus with

such splinters, and some have procured from them the bacilli. The
tissues in the neighbourhood of these foreign bodies are highly

infective.

It has been shown by very large numbers of inoculation experi-

ments that the blood is not infective in tetanus.

After animals have been inoculated with pure cultures of tetanus

bacilli, the microbes are found during the first twenty-four hours at

the seat of inoculation and in its immediate vicinity ; but they then

disappear from all parts, except, perhaps, from the pus of the wound,
and are said not to be found in any of the fluids or tissues of the

body. Moreover, it is said that none of the fluids or tissues of
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animals experimentally inoculated are infectious, except the pus and,

for a time, the recently inoculated tissues. However, it may be

found that this assertion needs modification. Buedinger discovered

that very small bits of the lymphatic glands in connection with
the wound would cause tetanus when transplanted into rodents.

Schnitzler has confirmed this observation, and found sporeless tetanus

bacilli in the substance of the lymphatic glands.

Shakespeare induced tetanus in rabbits by subdural inoculation

with an emulsion of the spinal cord or medulla of horses and mules
that have died of that disease. I myself grew an impure culture

of tetanus bacilli from the spinal cord of a man who had died of

tetanus, and caused tetanus in mice by inoculating these impure
cultures. Moreover, I was of opinion that tetanus bacilli could be
seen upon the pia mater and arachnoid of the man's spinal cord.

If it could be shown that the tetanus bacillus has its habitat within

the body upon the pia mater and arachnoid, this would go far to

explain the clinical features of the disease.

After its passage through a series of animals such as guineapigs

the tetanic poison becomes attenuated as was shown by Bossano.

This is one of the facts which bears upon the question of the

varying severity of the disease.

Animals that have recovered from an attack of tetanus are for

a long period protected against further inoculation, and it is pro-

bable that this immunity is produced in human beings. Tizzoni

and Cattani have made the curious observation that in animals

the immunity is transmissible from the mother to her offspring;

possibly through her milk, which contains antitoxin.

Up to the present it has been thought that when the tetanus

bacillus has been inoculated, it multiplies for a time at the point of

inoculation. Here it manufactures that most potent toxin which
Brieger has isolated and called tetanin, and which Faber is of

opinion is of the nature of a diastase, as it is destroyed by a heat of

65° C. This toxin, whatever its exact nature may be, is supposed

to become absorbed from the wound, and by its action upon the

nervous system to produce the symptoms which have been described.

Fermi and Celli say that this poison has no action when introduced

by mouth or rectum, and is not acted upon by bile, pancreatic juice,

saliva, or by bacteria of various kinds, but is destroyed by the gastric

juice.

Treatment Of tetanus.—The treatment of tetanus is local and

general. With regard to the local treatment, the wound may contain

infective pieces of wood, or glass, and therefore it ought always to be

carefully searched. This procedure may require an anaesthetic. If

small, the whole of the wound may be excised, although I have never

seen any actual benefit result from this measure. In any case it should

be thoroughly exposed and disinfected, and any damaged tissues

removed. In addition to the ordinary disinfectants, such as have

just been mentioned, a ten per cent, solution of peroxide of hydrogen

may be used. When the wound is upon an extremity, amputation
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lias frequently been performed. The results of this practice have,

however, been too equivocal for it to have become a recognised mode
of treatment. At St. Bartholomew's Hospital I am unaware of a

limb having been sacrificed in the forlorn hope of curing an attack

of tetanus. Success might ensue in a certain number of cases,

because, as I have already shown, a fair proportion of the less severe

end in recovery. A finger or toe might reasonably be sacrificed.

It would also be reasonable to remove any obviously inflamed nerves

or lymphatics. The division of nerve trunks or their stretching has

hitherto given no trustworthy results.

The general treatment of tetanus affords as little satisfaction as

the local. The remedies that have been used almost exhaust the

pharmacopoeia. The following is the routine which is usually adopted

at St. Bartholomew's Hospital, and which has afforded fair results.

The bowels are thoroughly moved with a minim of croton oil. For
children a less violent purge suffices. Then the patient is kept

under the influence of a mixture consisting of equal parts of bromide
of potassium and of chloral hydrate. A usual dose is twenty grains

of each every six hours. Chloroform is administered when the

convulsions are violent and distressing, and may be increased or

diminished as is found requisite. A light and nourishing fluid diet

is administered. If trismus prevent the mouth from being opened,

food may be given by a tube passed behind the teeth or thi-ough the

nose. At the same time, as Verneuil recommends, the patient may
be wrapped in cotton-wool, and isolated in a warm, silent, darkened
room. Amongst the other remedies which have been given may
be mentioned oxygen gas (from this I have seen a slight benefit),

conium, belladonna, cannabis indica, opium, jaborandi, calabar bean,

tobacco enemata, nicotine, and other remedies too numerous to

mention, and all equally dubious in their action.

The preventive treatment of tetanus is fully attained by adherence

to the tenets and practice of aseptic surgery. It is necessary to

remember, however, that this bacillus, owing to the extreme vitality

of its spores, offers great resistance to heat and chemicals. Instru-

ments of any kind, and especially those which may have been used

for a case of tetanus, should be boiled in washing soda and water for

at least twenty minutes. All recent wounds into which earth, mud,
or dust may have entered ought to be thoroughly explored and
cleansed by the removal of fouled tissues, and thoroughly disinfected

with solutions of chemicals, such as a solution of perchloride of

mercury—one part in five hundred parts, with the addition of 5 per

cent, of hydrochloric acid ; or a lotion of carbolic acid, one part in

ten. The wound should afterwards be dusted with iodoform powder
and packed with iodoform gauze. An outbreak of tetanus in a

hospital ought to be traced to its source, and thorough disinfection

practised under the strict superintendence of a competent person.

All the dressings and discharges from a tetanic patient should be
burnt.

But the treatment of tetanus cannot be dismissed without alluding
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to the more hopeful methods which we owe to the labours of Tizzoni

and Cattani, and of Roux and Vaillard. Tizzoni and Cattani first

ascertained that susceptible animals could be protected against

tetanus and rendered immune by the injection of minimal doses of

cultures attenuated by filtering, by heat, or by the addition of

mineral acids. They have since discovered that this immunity cannot

be obtained when the spleen has been previously removed. Next
they found that the blood or blood-serum of an immunised animal

—

usually a clog or rabbit—rendered a filtered tetanus culture inert

when mixed with it for twenty hours. The next step was to

inject the serum into animals before inoculating them with tetanus.

They were found to have been rendered immune. Then it was dis-

covered that the serum also antagonised the tetanic poison when it was
injected after inoculation, and even when tetanus had begun. The
antitoxin was found to reside in the albuminous constituents of the

serum. These can be precipitated by alcohol and dried in vacuo.

In this form the tetanus antitoxin can be preserved like any other

drug. At present it can only be obtained from Italy, or from

M. Roux, of the Institute Pasteur, and from some chemists.

These brilliant investigations were soon applied to man, and
with promising results. The cases which have now been reported

are too numerous to mention separately. About eleven subcutaneous

injections— each consisting of fifteen grains of the dried serum
dissolved in one hundred and fifty grains of distilled water—are

usually required. Clarke, of Leicester, who seems to have been
the first to treat a case successfully in England, gave a hundred
grains during the first twenty-four hours. In cases by Gattai,

Morgagni, and Finotti, the treatment lasted a fortnight. Tizzoni

and Cattani have also vaccinated horses against tetanus, and Lesi

has used the serum of one of them to cure a man of acute tetanus.

Kanfchack, however, has pointed out that in the earlier cases treated

with antitoxin, twelve out of thirty were fatal. Also that those

which recovered were not of the worst kind. Also Escherich reports

that out of four cases of trismus neonatorum treated with tetanus

antitoxin, three died. Of late, however, the cure of acute cases has

been reported, and it seems safe to say that no remedy which has

yet been used has given such promise of ultimate success.

Tetany.—Tetany is a rare disease, which has sometimes been
mistaken for tetanus. Yery little is known as to its pathology. It

is evidently an affection of the nervous system characterised by tonic

spasm of the muscles, and has nothing to do with infection of any
kind. The spasms are tonic in character, but liable to exacerba-

tions. In severe cases the muscles may become as hard and rigid as

in tetanus. Similar groups are also affected. The muscles of the

face, larynx, eyes, and jaws, the sterno-mastoids, the pectorals,

abdominal muscles, and muscles of the back, may all be rigidly

contracted, and cause symptoms closely simulating tetanus. The
muscular spasms may be accompanied by much pain, so that the

patient cries out. The spasms may be produced or increased by
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mechanical or electrical stimuli, and by compression of the great

arterial or venous trunks, or by tapping the motor nerves. The
spasms of the facial muscles, caused by tapping the facial nerve, are

said to be pathognomonic of tetany (Chvostek's sign), as is also the

spasm of the limb-muscles caused by pressure upon the main vessels

(Trousseau's sign). The slight attacks of tetany which are seen

in children are often relieved by cold applications. In surgical prac-

tice, tetany is most often met with after complete removal of the

thyroid gland, and is then exceedingly fatal in its effects. After

partial extirpations it is almost unknown. Women are most prone

to its attacks, but men are sometimes affected. Tetany occurred

twelve times in fifty-three cases operated upon by Billroth, and of

these twelve no less than eight died. The onset of tetany may be

delayed for weeks, or it may occur directly after the operation. It

may be fatal in a few hours, or last for many months. During its

course, owing to the muscular spasms, the face may be distorted so as

to assume a risus sardonicus; the eyes may squint; the jaws may
be clenched, so as to interfere with speech, mastication, and deglu-

tition ; there may be dyspnoea, due to spasm of the larynx, or of the

thoracic and abdominal muscles ; and lastly, the limbs are flexed at

nearly all their joints, and the hands are clenched, with the thumb
flexed and adducted into the palm of the hand, or amongst the

fingers. The tempei'ature in tetany is usually elevated, but not

immoderately.

After death from tetany no characteristic morbid change has been
found.

Experimental pathology shows that tetany is common, and can
easily be studied, after the removal of the thyroid gland of carnivora,

such as cats and dogs. In addition to a notable fall of temperature,

many of the animals treated in that manner show characteristic

signs of tetany. There is reason to suppose that the symptoms may
be abated by massive doses of thyroid juice, or of thyroid extract.

Hitherto treatment seems to have had little influence over this

disease in the aggravated form in which it is sometimes met with in

surgery. General measures directed towards the maintenance of the

strength by nourishment and stimulants are indicated. Also chloral

hydrate, bromide of potassium, or morphia to relieve the pain and
spasms. Perhaps something may be ultimately hoped for from

treatment with thyroid juice or extract.



X. WOUNDS AND CONTUSIONS.
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THE HEALING OF WOUNDS.

There are various ways in which wounds may heal, namely

—

1. Healing by first intention

;

2. By granulation

;

3. By union of granulations
;

4. By blood clot;

5. By scabbing.

1. Healing by first intention.—The simplest and, therefore,

the first method to be considered, is healing by first intention.

When a wound is inflicted, the knife, in passing through the

tissue, sets up. the early stages of inflammation in a microscopic

layer of the living tissue in the immediate vicinity. This in-

flammation, as can be readily seen in a frog's foot, does not

extend more than a line or two beyond the cut surface, but the

extent will vary accoi'ding to the degree to which the tissues have

been injured by manipulation, sponging, etc. The inflammation so

set up goes on to the first stage, namely, in the first instance there

is dilatation of the blood-vessels and an increased flow of blood,

followed by slowing, and ultimately stasis ; while at the same time

exudation of liquor sanguinis and blood corpuscles takes place from
the inflamed vessels, and thus the surface of the wound becomes
in a few hours glazed over with exuded material—what is termed
lymph. (See page 59.) If at the time of the operation all foreign

material, such as blood clot, etc., be removed from between the cut

surfaces, and they be placed in accurate apposition, this lymph will

idue them together. If no further causes of inflammation come
into play, the inflammatory process ceases at the point of exudation,

and healing changes commence.

In a very short time, this lymph which glues together the cut

surfaces becomes infiltrated with large numbers of cells, in part

leucocytes which have emigrated from the blood-vessels, and in part

also larger plasma cells which are derivatives of the fixed connective
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tissue cells. The function of the white corpuscles seems to be to

remove the coagulated blood and lymph which previously glued the

edges together, while the plasma cells very soon become spindle-

shaped, acquire connections with the cells on either side of the cut

surfaces, and. developing into fibrous tissue, thus unite the cut edges

by a layer of young fibrous tissue. Very soon this fibrous tissue

becomes more fully developed, and the union is, in the course of a
few days, comparatively firm. In addition to the development of

this fibrous tissue, young blood-vessels are also formed, though in

the case of union by first intention this does not go on to any very

great extent. As the fibrous tissue becomes older and more perfect,

'fP^I \

Fig. 36.—Granulating Wound of the Arm after Loss of a large

Portion of Skin.

these new blood-vessels again disappear. At
the same time that these processes are occurring

between the cut surfaces, the epithelium at the

margins of the wound spreads over the intervening

gap on the surface of this cellular mass and com-

pletes the union. This process of healing by first

intention varies in rapidity chiefly according to

the age of the patient, and also according to his general

condition, the union being fairly firm in the ease of young children

after three or four days, and in older people within a week. The
process is the same in the various tissues of the body, and the fibrous

tissue which is developed tends to approximate in character to the

normal fibrous tissue of the part. Thus in the dermis, the fibrous

tissue becomes firm, resembling that of the skin ; in the subcutaneous

tissue it becomes loose, and fat cells develop in it ; in the case of

tendon again, it resembles tendon, and so on.

2. Healing by granulation.—In this process the edges of the

wound are not brought together in the first instance, or, if they

are, further causes of inflammation coming into play prevent the

occurrence of union by first intention, and they subsequently become
separated. Perhaps the simplest way of studying healing by granu-

lation is to suppose that a portion of the skin and subcutaneous

H* 2
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tissues has been completely removed, and that no attempt has

been made to bring the edges of the wound together. In such a

case, the first effect of the operation is the same as in union by
first intention, namely, that as the result of the injury done to

the tissues by the knife and by the manipulations, the early stages

of inflammation occur up to the point of exudation, and the surface

of the wound becomes covered with lymph.

In healing by granulation, further causes of inflammation now
come into play and keep up the process, the most common being

the development of pyogenic organisms. Other causes, however,

which produce a certain amount of granulation, are the irritation

of the dressing or of chemi-
'""' -^

4 :^:4^T- cal substances applied to the

4-:
:
? ./ '

.
-* •->";,• wound. Whatever be the

•;.. ,.-;..'_ cause, the result is that after

a few hours the lymph, which
in the first instance glazed

the surface of the wound,
becomes liquefied and dis-

appears, and the inflamma-

tion over the whole surface

continues up to the stage of

destruction of the tissue and
its replacement by granula-

tion tissue (Fig. 12).

After the wound has

become covered with this

tissue, granulations appear,

the young tissue being

heaped up in the form of

little buds over the whole
surface, so that the wound
instead of being smooth, is

covered with little red warty projections or granulations (page 61)
(Figs. 36, 37). These granulations go on increasing in size, till

by-and-by the whole wound becomes filled up, at the same time the

older granulation material at the deeper parts of the wound being

protected from further irritation by the layer of granulations above
it, organises into fibrous tissue, which like all young fibrous

tissue, tends to contract, and thus while on the one hand the depth

of the wound is being filled up by granulations, the extent of the

wound is being diminished by the contraction of this young fibrous

tissue formed in the deeper parts. When these granulations have
nearly or quite reached the level of the skin, epithelium begins to

spread over the surface from the margins of the wound (Fig. 38), and
as soon as they become covered with epithelium and are thus protected

from irritation, the cells in the granulations develop into fibrous tissue,

which again contracts. This process of growth of granulations, of

contraction of the wound, and of growth of epithelium over it, goes

fig. 37.—Granulations from the Surface of a
Wound, showing the Buds, the numerous
young Blood-vessels shooting up into each, and
the Organisation of the deeper Layers into
fibrous Tissue.
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on till by-and-by the wound is completely healed, and we have a
scar which is considerably smaller in area than the original wound.

While healing is going on, one can easily distinguish two or three
layers around the central granulations, the outer layer being a white
ring, where there are considerable masses of epithelium which have
become macerated by the discharge ; inside this a bluish layer, where
there is a moderate thickness of epithelium ; and the innermost layer
of all being a pink layer, where there are only one or two strata of
epithelial cells through which the red granulations show (Fig. 38).
This pink layer generally indicates that healing has occurred within
quite a recent period, usually within 24 or 48 hours, and it is of
great import-
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38. — Healin?
Edge of aWound,
showing the Epi-
thelium spread-
ing over the sur-
face. The thin
layer of epithe-
lium of the re-
cently healed
part is well seen.
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and ultimately «*>*%..-***««*

is whiter than
the surrounding skin, because the new vessels have become
compressed and disappear as the result of the contraction of the

fibrous tissue (Fig. 39).

3. Healing" by union of granulations.—About the beginning
of the century it was very much the fashion in some quarters not to

attempt in any circumstances to obtain union by first intention,

on account of the very serious consequences that so commonly
followed the occurrence of suppuration in the deeper parts of wounds,

the skin edges of. which had been brought together. Hence the

treatment often adopted was to introduce charpie or other dressing

between the edges of the wound till granulation had completely

occurred, and then, after washing the pus away, the two surfaces

were allowed to come into contact, and immediate union often

occurred over a large area. In this case the two granulating sur-

faces protect one another from further irritation, a slight amount of

lymph is poured out after the washing of the wound, and then union
occurs between the granulating surfaces at once, the cells present
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in the granulations developing into fibrous tissue and joining the

cells on the opposite surface of the wound.
This is not a method of healing to be aimed at at the present

time, because, apart from the fact that we can obtain healing more
rapidly in other ways, pus is apt to accumulate at some part where
the granulations have not been actually in contact, or where the

suppurative process is going on more actively, and consequently the

wound may have to be opened up. It is, however, well to bear in

mind that granulating surfaces will adhere in this way under

suitable conditions, and if proper provision be made for the escape of

discharge from parts of the wound where the surfaces do not come
properly in contact, it is a plan which
may be employed in certain instances.

4. Healing by blood clot.—This

is a method of healing which only occurs

in aseptic wounds, and which was, there-

fore, undescribed and but seldom ob-

served before the Listerian era. In this

case the edges of the wounds are not
brought together in the first instance.

A cavity is left into which bleeding goes

on, this blood accumulating and filling

it up with clot. As the result of the

operation itself, lymph is poured out as

usual on the surface of the wound be-

tween it and the clot, and no septic

organisms coming into play, and the

wound being kept at rest, the clot re-

mains in it, and no further exudation

takes place on the cut surfaces. Hence,
in the course of a few hours, leu-

cocytes which have passed out of the

blood-vessels begin to penetrate into the clot, and, as shown by the

researches of Ballance and Sherrington, collect around the nodal

points of the fibrine, and proceed to destroy the red corpuscles in

the clot. Following them, there is an emigration into the clot of the

larger plasma cells derived from the connective tissue corpuscles, which
in their turn prey upon and remove the white corpuscles, and at the

same time become elongated and spindle-shaped, and develop into

fibrous tissue. Hence, after a few days, those portions of the clot

in the immediate neighbourhood of the wound are infiltrated with

cells which are developing into fibrous tissue, and very soon the

whole thickness of the clot becomes similarly attacked. During
this process the clot itself is absolutely inert, and simply acts as a

mould into which the cells penetrate, and as a pabulum, more
especially for the white corpuscles. After a time, when this process

has gone on to a considerable extent, and reached to or near the

surface of the clot, epithelium begins to spread from the divided

edges of the skin over this organising material, usually under a thin

Fig. 39. — Cicatrix, showing the
great Decrease of Vascularity,
and the fact that there is no
Regeneration of any of the
complex Structures of the
Skin such as Hair and Glands.
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layer of clot on the surface which does not become infiltrated with
cells, and in the course of a few weeks, if this thin layer of clot be
lifted up and peeled off, a cicatrix is found beneath.

This process of healing by blood clot is, of course, not limited to

open wounds. Where a wound, in which the edges of the skin are

united at the time of the operation, is deep and extensive, it is very
seldom that the whole of the cut surfaces are in actual contact as is

requisite for union by first intention ; and in the parts where these

surfaces are not in actual contact blood clot is formed, and the

process just described takes place. In subcutaneous injuries also

this healing by blood clot is almost the only form in which healing

takes place.

5. Healing by scabbing.—As I have already said, where a

portion of skin is removed, or where the edges of the skin are not
brought together, the surface of the wound becomes in the first instance

glazed with lymph, as a result of the early stage of inflammation

set up by the irritation of the operation. In certain cases, where
the wound is exposed to the air, this lymph, which in such
circumstances would be somewhat excessive in amount, dries up on
the surface, and a scab forms in which micro-organisms cannot
grow, and which thus protects the actual surface of the wound from
further irritation. That being the case, the processes which go on
under the scab are essentially the same as those which go on between
the cut surfaces of a wound which is healing by first intention, with
the single exception that these surfaces are not in accurate apposi-

tion. The lymph originally poured out, the surface of which has

dried and formed a crust, remains on the surface of the wound, and
becomes infiltrated with cells, which organise in the same manner as

between the cut edges, while after a time epithelium spreads in

beneath the scab over the surface of the organising material, and
leads to complete cicatrisation, so that when the scab is picked off a

cicatrix is found beneath. This method of healing by scabbing is,

however, not to be recommended unless in very small wounds,
because it is seldom that the scab is complete over the whole

surface, or that it forms quickly enough to prevent the entrance of

micro-organisms ; and if micro-organisms have entered, suppuration

is very apt to occur beneath the scab which confines the pus, and
thus lead to the occurrence of ulceration or inflammation of the

wound.

General symptoms attending the healing process.—We
have now to note the constitutional condition of the patient dur-

ing the process of healing in the various ways which have been

described. Where healing takes place by first intention, or by
blood clot, or by scabbing, the general state of the patient remains

good, and unless the operation has been a severe one, there is no

disturbance of the temperature or pulse, while after the effects of the

anaesthetic have passed off, the patient is as well as before the

operation.

In cases where the operation has been extensive, or where
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much blood has been lost, we may have during the first twenty-

four hours the condition spoken of as aseptic fever. In the

first instance in such cases the temperature generally falls below
normal, as the result of the shock and loss of blood. Following this

fall there is a reactionary rise of temperature, so that within twenty-

four or thirty-six hours after the operation the temperature may
have reached 100° or even 101°. Where the wound is aseptic the

temperature does not remain at this point, but immediately after-

wards falls again to normal, and during this period of slight

elevation of the temperature the patient does not suffer from any
other symptoms of fever. This is what is spoken of as the

aseptic temperature, and the aseptic course of the wound is where
there is no inflammation in it. Whether the wound be united

throughout its whole extent or be left open, where there is

no general disturbance and no elevation of temperature beyond
that mentioned just now, it will be found that after the effects of

fche anaesthetic have passed off the patient is to all intents and
purposes quite well, unless where the operation has been so

extensive, and where the blood lost has been so great as to

cause excessive weakness.

On the other hand, where the wound is not aseptic—for example,

in wounds where the healing takes place by granulation—there will

be more or less constitutional disturbance. In the first instance the

temperature rises very soon after the operation, and reaches its

highest point within twenty-four to forty-eight hours—usually

103° or 104°. It remains at about this height for three or four

days, and then pretty rapidly falls to normal. During this period

the wound is painful, the edges are red and swollen, and there

is a considerable amount of discharge from it, while the patient

suffers from the various symptoms of fever—namely, quick pulse,

loss of appetite, arrest or diminution of the excretions, and the

various symptoms described in speaking of acute inflammation. This

is the condition known as traumatic or inflammatory fever,

and is due to absorption from the wound of septic products which
have been developed by the bacteria growing in it, more especially

by the pyogenic bacteria.

Where the wounds are very large and contain a quantity of decom-

posing blood, a large amount of the chemical substances may be

rapidly absorbed, producing the condition known as septic intoxication

or saprcemia. In this condition there is usually a rapid rise of tem-

perature with a very rapid, feeble pulse, and great exhaustion of the

patient ; indeed, in very bad cases, after the preliminary rise of

temperature, it again falls, and the patient passes into a state of

collapse and may die. Formerly, this condition was not recognised

as being due to septic absorption, and was spoken of as secondary

shock ; but we now know that the great majority of the cases of so-

called secondary shock are in reality cases of acute septic poisoning.

Further, during the early period of these septic wounds the

initial temperature of traumatic fever may not fall when the wound
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has granulated, or, having fallen, may again rise, and the condition

of septiccemia sets in, where an intermittent high fever is developed,
and the patient passes into a state of asthenic fever. This condition

of septicaemia is probably due to the penetration of pyogenic
organisms into the body, and possibly into the blood, and the poison-

ing of the blood with the products of their growth. Or, again, even
after the complete subsidence of the traumatic fever, the patient has
a severe rigor, accompanied by a rapid rise of temperature, and
followed by an equally rapid fall, these rigors being repeated ai

lessening intervals, and the condition of pycemia developing.

Conditions which interfere with healing by first inten-
tion or blood clot.—It is thus evident that wherever it is possible

one should strive to obtain healing by first intention or by blood

clot, and to avoid healing by granulation and suppuration. By
doing so, the patient recovers much more rapidly, without having
suffered any pain or constitutional disturbance, and without having
run the risks which I have mentioned as incidental to the process

of healing by granulation, and at the same time the resulting scar

is much less evident, becoming, in fact, after some months, but
slightly visible. It is necessary, therefore, to consider more in detail

the conditions which interfere with healing by first intention or by
blood clot.

In order to obtain healing by first intention or by blood clot, the

essential point is to place the wound completely at rest, whether it

be from mechanical disturbance or from the action of chemical sub-

stances. Mechanical rest of the wound may in most cases b&

obtained by bringing the edges accurately together and by placing

the part at absolute rest, if necessary, on a splint, while at the same
time care is taken that the dressings shall not irritate either by
rubbing over the surface of the wound or by direct contact with it.

The most important point, however, is to provide against the irrita-

tion of chemical substances, and these chemical substances may be
either various applications which are made to the wound, or sub-

stances developed in it as the result of the growth of certain bac-

teria. The irritation of chemical lotions is, of course, readily

avoided, and lotions that are irritating to the wound should not be

applied to it during the after-treatment. Above all, where a wound
is aseptic there is absolutely no necessity for injecting antiseptic

solutions into it; on the contrary, to do so will be to irritate it and.,

prevent the desired result of union by first intention.

The essential causes which lead to the failure of healing by first

intention or by blood clot, and which expose the patient to the risk

of various septic diseases, are the growth of micro-organisms in the

material on the surface of the wound, and subsequently in the

tissues themselves. The organisms that act in this way are gene-

rally the pyogenic organisms, more especially the various kinds of

pyogenic cocci that have been already referred to in speaking of

suppuration (pages 25 and 81). Where a wound is freely open
to the entrance of organisms, however, these are not the only ones
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which may grow in it. The early disappearance of the blood clot

and the occurrence of traumatic fever and of septic intoxication are

often associated with and, no doubt, in part, due to the growth of

ordinary saprophytic and putrefactive bacteria in the fluids and blood

of the wo\md, and although these organisms arc not parasitic and
cannot penetrate into the living body, their chemical products are

intensely poisonous and irritating, and if absorbed may cause very

serious effects. I have already described, in speaking of suppuration

(page 82), how it is that these organisms produce an acute abscess,

and the process is exactly the same where, instead of causing the

formation of pus in a closed cavity, they lead to granulation and
suppuration from the surface of the wound.

I have already discussed the conditions under which these

organisms can act in the tissues, and the same facts hold good with

regard to open wounds. More especially it must be borne in mind
if these organisms are likely to enter, that the manipulations of the

surface of the wound should be particularly gentle, so that as healthy

a tissue as possible is opposed to their entrance. Where this point

is not attended to, these organisms are particularly likely to gain a

foothold in the tissues and cause suppuration, and thus prevent

healing by first intention ; while if parts of the wound are much
bruised, actual sloughing may take place.

As to the mode in which these organisms enter wounds, they

may fall in along with the dust of the air, but most usually they are

conveyed to it from the instruments or the operator's hands, or grow
into it subsequently from the skin of the patient himself. These
pyogenic organisms seem to be normal inhabitants of certain parts

of the surface of the skin, more especially parts that are moist, for

example, the axillse, perineum, the space between the toes, etc., and
unless special care be taken to destroy those which are present on
the surface of the skin, they may, after the operation, spread into

the wound and grow there, producing the various effects to which I

have referred. In fact, it is but seldom that these organisms

gain entrance to the wound along with dust, because they die

soon if they be allowed to dry, and consequently, unless when one

is operating in hospitals, or in places where there are patients with

septic wounds, and where therefore the drying of the discharge

containing the organisms has only recently taken place, living

organisms are not likely to be introduced from the air.

We must also consider the various modes in which the life and
action of these organisms may be interfered with. They grow very

readily on a variety of soils outside the body, but one very essential

condition of their growth is that the nutrient material shall contain

a large quantity of water, at least 90 per cent. Where the nutrient

material is too concentrated bacteria cease to grow, or grow only with

great difficulty and without any marked degree of virulence, and this

is a point of great importance to bear in mind in the treatment of

wounds, because if it be not possible to exclude bacteria from

wounds, one way in which their action may be interfered with is
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by permitting evaporation of the fluids contained in the wound,
and thus producing too concentrated a medium for their growth.
Another point which the pyogenic bacteria share in common with
a considerable number of others is that when grown in the presence

of air they do not produce such a quantity of poisonous materials as

when air is absent, and it was on these two points that the good
results which were formerly obtained by the open method of treat-

ment depended, for on the one hand plenty of air was furnished to

the part, and thus the amount of poisonous materials produced by
the bacteria was diminished, while evaporation was promoted, and
the fluids tended to become so concentrated that the bacteria did

not readily grow.

The most important point, however, with reference to the life

history of these bacteria, more especially in relation to the present

methods of wound treatment, is their behaviour with regard to heat

and various chemical substances, Bacteria vary greatly in their re-

lation to heat, according to the stage of their existence. Those forms
which grow rapidly, more especially the micrococci, are very readily

destroyed at comparatively low temperatures ; but those forms which
produce spores, if they have already passed into the spore stage, resist

heat to an extraordinary degree. Indeed, the spores of bacteria may
be exposed to dry heat considerably above the boiling-point of water

for hours without losing their vitality ; while, on the other hand,

the same bacteria in the adult stage will be destroyed by short

exposure to a very moderate degree of heat ; indeed, a thorough
and prolonged drying, even without the action of heat, will lead

to their death. The same differences are observed between adult

bacteria and spores in their relation to various chemical substances,

Fortunately, the organisms which for the most part come into play

in surgery belong to the non-spore-bearing bacteria, and are thus

much more readily killed ; indeed, with the exception of the anthrax
bacillus, the tetanus bacillus, the tubercle bacillus, and one or two
others, we have essentially to do with cocci, which are very readily

destroyed by comparatively dilute chemical substances. The pyo-

genic cocci, for example, are destroyed in a few seconds by the

action of a 5 per cent, watery solution of carbolic acid, and even
by a 2J per cent, solution ; and they are also destroyed, though
perhaps not quite so rapidly, by a 1 in 2,000 solution of bichloride

of mercury, and, of course, much more rapidly where the solutions

are more concentrated. While this is the case with regard to

watery solutions of these antiseptic substances, it is very important

to bear in mind that oily solutions are not nearly so active ; in fact

1 to 20 solution of carbolic acid in oil is practically inert as a means
of killing bacteria ; indeed, a 1 to 5 solution of carbolic oil will not

do what a 1 to 20 watery solution will. Apart from the destruction

of the vitality of these organisms by antiseptic solutions, we have
in the treatment of wounds to remember also that it is sufficient

if we prevent their growth, and that very much smaller quantities

of carbolic acid, and more especially of corrosive sublimate, will
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interfere with the growth of the organisms, although they may still

remain alive ; and if the growth be prevented, they cannot pene-

trate into the tissues, or if they do come in contact with living

cells, they are quickly destroyed.

It is also an important point to remember that the tissues

themselves have a very great power of resisting the entrance of

bacteria, and hence it is only under certain special conditions,

which have been in part referred to in speaking of suppuration,

that they can really obtain a foothold in the body. How it is

that the tissues act as destructive agents of bacteria is still a

matter of dispute. It is supposed that the products of certain

bacteria have an attractive power on white blood corpuscles,

what is termed chemiotaxis, and that it is in consequence of

this attractive action on the white blood corpuscles that the

enormous migration of cells which takes place in inflammation is

brought about. The products of other bacteria, on the other

hand, have the opposite effect, so that with them, instead of

an active migration of leucocytes, their field of action remains

comparatively free from cells. Whether there is such an effect

on the white corpuscles by the products of the bacteria or not,

it is certain that in cases where death is not occurring with ex-

traordinary rapidity, that is to say, where the bacteria are not

extremely virulent, there is enormous heaping-up of leucocytes in

their neighbourhood, and it is held on the phagocytic theory that

these leucocytes or other free cells seize on the bacteria by means
of their amoeboid action, take them into their own protoplasm, and
there cause their destruction. (See also page 23.)

On the other hand, a large amount of evidence has been

brought forward to show that there is present in the serum of

the blood in certain animals and in certain circumstances sub-

stances that have a destructive action on the bacteria, and
hence some hold the view that the first thing which occurs is a

weakening or destruction of the vitality of the bacteria by means
of these chemical substances, and that it is only when the organ-

isms are so injured that the cells are able to take them up and
destroy them. It is most likely that the truth lies between these

two theories, if indeed these are the only possible explanations.

However that may be, we have the broad fact perfectly clearly

established as the result of clinical evidence that the tissues when
in a healthy condition have a great power of resisting the entrance

of bacteria, and even of destroying them when present under cer-

tain conditions, such as where the number of the organisms is not

too great, where their products are not too concentrated, where

their virulence has been diminished, and so on.

THE TREATMENT AND VARIETIES OF WOUNDS.
The treatment of wounds must vary in different circum^

stances, and we shall have to consider the following classes of

wounds from the point of view of treatment, namely

—
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1. Those made by the surgeon through unbroken skin.

(a) Where the edges of the skin can be brought together.

(b) Where union by first intention fails.

(c) Where the edges of the skin cannot be brought together.

(d) Wounds of mucous membrane.
2. Accidental wounds.

3. Contused wounds.
4. Lacerated wounds.

The importance of these distinctions concerns the question of

sepsis, which, as I have already indicated, is the main point to be

considered in the treatment of wounds. Where the wound is made
through unbroken skin by the surgeon the avoidance of sepsis

practically entirely depends on his care. Where mucous membrane
is involved in the wound it is impossible for the surgeon completely

to exclude bacteria, and he must do his best to diminish their

action.

Where the wound has been made accidentally the problem is,

on the other hand, a totally different one, because here the bacteria

have already entered the wound, and the surgeon's efforts must be
directed, if possible, to getting rid of them again.

1. Wounds made by the surgeon through unbroken
skin, (a) Where the edges of the skin can be brought
together.—In such wounds the great aim must be to obtain healing

by first intention, and in order to get this we have to follow out the

principles which have been already indicated—namely, to provide

rest for the part, to avoid any mechanical or chemical irritation by
applications to the wound, and, above all, to secure the absence

of pyogenic organisms. This is best done by paying the fullest

attention to the details of antiseptic or aseptic surgery, which is

the best and most certain method of treatment. With the view of

obtaining healing by first intention, and avoiding the various dangers

of wounds, I shall describe the method I now carry out—namely,

aseptic treatment on the Listerian principle, which aims, as far as

possible, to destroy all organisms which may obtain access to a

wound, and to prevent their entrance subsequent to the operation.

In taking measures to prevent the entrance of bacteria into a

wound we must in the first place look to the sources from which
the bacteria may come. As I have mentioned, they may come
from the dust either in the air, or deposited on surrounding objects,

or from the skin of the patient, or from that of the operator, on
which they may not only be lying, but actually growing. In the

foremost place the greatest attention must be paid to the skin ; in

fact, it is essential that the pyogenic organisms should be thoroughly

removed both from the skin at the seat of operation, and over a

sufficient area around to allow ample overlapping of the dressing,

and also from the hands of the surgeon and his assistant. On the

skin these bacteria especially inhabit the surface epithelium and
hairs, and penetrate to a slight extent into the sebaceous and hair
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follicles where these are large. Care must be taken that the anti-

septic substances employed shall thoroughly reach and act upon the

bacteria contained in these parts. It may be sufficient, in order to

avoid the introduction of bacteria at the time of the operation

itself, to destroy the bacteria which are present on the surface of

the skin, and that is probably all that need be done with regard to

the surgeon's hands ; but in the case of the skin in the neighbour-

hood of the wound this is not always sufficient, because, in spite of

the antiseptic dressings applied afterwards, bacteria which may
have been left behind in the deeper parts in the hair and seba-

ceous follicles, may grow in the epithelium, and very shortly

reach the wound and develop in it. Therefore it is of import-

ance that the disinfection of the skin of the patient should be

so thorough as to destroy, if possible, all the bacteria present in it,

and certainly all the pyogenic cocci. In order to do this we have to

get rid of the surface epithelium, to get rid of all the oily material

on the surface of the skin, to remove the hairs, and then to

saturate the part thoroughly with strong antiseptic solutions for a

sufficient length of time. Hence the method which I adopt to dis-

infect the skin is in the first instance to wet it thoroughly with tur-

pentine, with the view of getting rid of the fatty materials (the

turpentine also is an antiseptic). Following the application of

the turpentine the part is well washed with soap and carbolic

acid lotion. I generally use a five per cent, lotion of carbolic acid

containing a five-hundredth part of corrosive sublimate in solution.

By means of soap and this solution and a nail-brush the surface

epithelium and fatty material are thoroughly removed from the

surface of the skin, and the part is then shaved in order to get rid

of the hairs. A further application of this same " strong mixture "

is then made, and where time will permit, a cloth saturated in the

solution is wrapped round the part for some two or three hours

before the operation, and then at the time of the operation the whole
process—turpentine, nail-brush, etc.—is repeated.

As regards the surgeon's hands, the main point to be attended

to is the disinfection of the nails and the parts under the nails and
around their bases, and here also the same measures are employed.

The hands are first sponged over with turpentine, then they are

thoroughly washed with soap and the " strong mixture " and a nail-

brush, and then the nails are carefully cleaned with a knife so as

to remove all the dirt and dead epithelium from beneath and around

them. The hands disinfected in this manner are not dried after-

wards, but a basin containing 1 in 2,000 sublimate solution is kept

close by in which they are repeatedly dipped during the progress of

the operation.

All the instruments which will come in contact with the wound
should also be thoroughly disinfected, and this is generally quite

satisfactorily done by immersing them in 1 to 20 carbolic acid solution

for. at the most about half an hour before the operation. This is

quite satisfactory except in the case of toothed instruments, such as
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forceps, where care must be taken to clean the teeth thoroughly, and
not to leave any greasy material behind. It may be accepted as an
axiom that a 1 to 20 watery solution of carbolic acid will destroy

bacteria—at any rate, cocci—in a few seconds, provided it can
penetrate into all the recesses of the material. It can certainly do
so in almost any material in a few hours, and many of the precau-

tions which are taken in asepticising instruments, etc., are quite

unnecessary, and are only too often employed with the most scrupulous

care while equally important precautions are totally neglected. No
doubt the boiling of the instruments renders their disinfection

perfectly certain, and it is strongly to be recommended where
instruments have been previously employed for a septic case, more
especially for cases where bacillary diseases are present, such as

tetanus, but in the majority of instances it is unnecessary, and it is

certainly not so rapid in its action as undiluted carbolic acid, while

it is only applicable to instruments that are made entirely of

metal. Where some instrument has been overlooked in arranging

for an operation, and is called for during its course, it is most
rapidly disinfected by dipping it in undiluted carbolic acid for a few
seconds. This is then washed away by a 1 to 20 carbolic acid lotion,

when the instrument is ready for use. Simple immersion in boiling

water—which is as long as one could give if the instrument were
required in the course of an operation—would not disinfect it. It

must actually remain in the boiling water for some minutes. On the

whole, therefore, I prefer to adhere to the old plan of employing a 1

to 20 solution of carbolic acid for the disinfection of the instruments,

but in cases where very septic wounds have been treated, I think it

is well to boil them before laying them aside.

Not only must the instruments be disinfected before the operation

has begun, but care must be taken not to infect them again during the

course of the operation. Thus reinfection might readily occur if the

instruments were laid on a blanket or dry towel, or allowed to drop

on the floor ; and it is therefore necessary so to arrange matters that

such an accident cannot occur, and this is done by placing over the

blankets and clothes and table, for a considerable area around the

seat of the operation, towels which have been soaked for some time

in a strong aseptic solution, either of carbolic acid or of corrosive

sublimate. These towels are squeezed out of the solution, but should

not be wrung dry ; it is well to have them fairly saturated with the

fluid. They are then placed on mackintoshes and arranged around

the area of the operation, so that if instruments are laid down, or ii

the hands are rested at any time, they can only be placed on this

aseptic basis. As a further precaution, I always have before me
a small basin containing a 1 to 2,000 sublimate solution, in which I

dip my hands from time to time as well as forceps and other instru-

ments. It is just possible that one might accidentally soil one's

hands or the instruments during the course of the operation, and
without such a solution at hand, mistakes might be made which
would lead to septic infection of the wound.
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A very important question is whether it is necessary to irrigate

the wound during the course of the operation, that is to say, whether it

is necessary to take means to destroy organisms which may have fallen

in from the air. In hospital practice I think that this is necessary.

In places where there are wounds, driecl-up discharges, dried-up

blood, numbers of people—many of whom have come from dissecting-

rooms—and so forth, I cannot but think that the air in an operating

theatre must contain pathogenic organisms, and therefore I think it

is necessary to take means to prevent their taking foothold in the

wound. Formerly this was done by means of a spray of carbolic

acid, and it was supposed that the spray acted by destroying

organisms which were floating in the air. This has now been clearly

proved to have been erroneous, but in addition to the spray passing

through the air over the wound, the wound itself was constantly

bedewed with the antiseptic solution—in other words, it was gently

irrigated—so that although the organisms were not disinfected while

floating in the air, they fell on to a wound, the surface of which
was covered with a layer of antiseptic fluid, which could at once

act on them. The objections to the spray as an irrigator were,

however, numerous, more especially the strength of the carbolic

acid was very disadvantageous for the healing of the wounds, and
therefore it has been given up almost entirely, and its place taken

by irrigation. As a material for irrigating wounds I use a weak
sublimate solution, certainly nothing stronger than 1 to 2,000

;

and in cases where a joint is opened, I generally employ 1 to 4,000

or 1 to 6,000. These sublimate solutions do not irritate the wound
to anything like the degree that carbolic acid does, and in fact I see

no reason to suppose that they materially interfere with the healing

process, while for the reasons I have mentioned I believe that they

are an advantage, more especially in hospital practice. That they

are not absolutely essential in the great majority of cases we know,
but what one aims at, especially with this method of treatment, is

to obtain certainty and not probability as regards the results. As
a rule I do not employ any special irrigator. In the majority of

wounds I simply from time to time squeeze a sponge saturated

with 1 to 2,000 solution over the wound, and this is more especially

done while the wound is being stitched up. In cases, however,

where I am operating on a healthy joint, such as the knee joint, I

feel happier when there is a constant gentle stream of weak sub-

limate solution flowing over the wound from the time that the joint

is opened.

As regards the use of sponges, for my own part I still employ them.

Some surgeons have given them up, and use instead pads of absorbent

wool, but these are to my mind very objectionable, especially in the

way in which I have often seen them employed. It is not un-

common to see a dishful of dry pads of wool brought into the

operating room, and these are simply wrung out of the solution

before being handed to the operator. In such circumstances, no

time is allowed for proper disinfection of the pad, and the result



TREATMENT. 217

must be, in a considerable number of cases, that infective material

is left behind in the wound. Further, these pads are not so absorbent

as sponges, and, in addition, portions of wool are apt to become
detached and remain behind in the wound. That, of course, would
be a matter of no consequence if the wool were really aseptic ; but,

as I have said, in many cases the immersion in the antiseptic is so

short that these portions of wool left behind not infrequently

contain bacteria, and form a source of subsequent infection of the

wound. Sponges are, on the other hand, much more satisractory

for the purpose of absorbing blood, and are perfectly reliable if only

they are properly seen to. After an operation I always have the

sponges thoroughly washed in cold water, and then subsequently

with soap and water containing a little soda, and when they are

thoroughly cleansed they are placed in a jar containing 1 to 20
carbolic acid solution, and this solution is renewed every three or four

days. The result is, that at the end of a week—and the same
sponges are not used again before that—they are satisfactorily

disinfected, and care must simply be taken not to infect them during

their transit to the surgeon. This is, however, what is very often

done. The nurse often rinses the sponges in water, then dips

them in an antiseptic solution, squeezes them dry, puts them in a
dish which has not been rendered aseptic, and from the dish hands
them to the surgeon, either directly or very often after rubbing
blankets, coats, etc., in their transit. What I do is, after removing
sponges from the 1 in 20 solution, to rinse them thoroughly in 1 to

2,000 sublimate lotion, and then to place them in a basin contain-

ing the same solution. This basin is held within reach of the surgeon

or his assistants, and when a sponge is required they squeeze it out

for themselves. Thus the errors which may be committed by the

nurse during the transit of the sponge are completely avoided, and
there is practically no loss of time or increase of trouble to the

surgeon in squeezing the sponge ; in fact, I very often squeeze the

sponge over the wound, thus at the same time employing it for the

purpose of irrigation. After the sponge has been used it is returned

to the nurse, who again washes it in sublimate solution and places

it in a fresh vessel of the same.

As regards ligatures, I believe that catgut is still the most
universally applicable material when prepared in the way last

described by Sir Joseph Lister, by the employment of sulphurous

acid and chromic acid. As a matter of fact, one does not require

to ligature many vessels in a wound now that we have such

excellent pressure forceps ; but where it is necessary, the finest

sulpho-chromic catgut forms a trustworthy ligature. Objections have
been urged as to the asepticity of catgut, and these objections

no doubt hold good with regard to the old method of preparation in

carbolic oil. In hospital we always keep our catgut in I to 20
carbolic acid solution for at least a week before using it, and it is

handed directly from that solution to the surgeon, and used in this

way it may be relied on as being thoroughly aseptic. Silk also acts
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perfectly well for ligatures, but one must be quite satisfied as to its

asepticity. In order to ensure this, some surgeons take excessive

precautions, the most essential of which is that they boil the silk-

very carefully before use. This precaution is, I believe, quite un-

necessary. As I have said before, twenty-four hours' immersion in

1 to 20 carbolic acid solution will ensure the asepticity of almost
anything which can be thoroughly penetrated by the solution, and,

therefore, it seems to me quite sufficient to keep the silk in it for a
sufficient length of time before it is used. We, therefore, keep the

silk, like the catgut, for about a week in the 1 to 20 solution before

employing it.

The operation having been concluded the wound must of course

be stitched up, and in connection with this point the question of

drainage arises. Formerly, great stress was laid in antiseptic work
on the importance of drainage of the wounds, and undoubtedly it

was a matter of clinical experience that if the wounds were not
satisfactorily drained, one frequently had interruption of the heal-

ing process from the large amount of serum which was poured out

after the operation. This was, I believe, to a great extent due to

the constant irritation of the wound with carbolic acid, more especi-

ally with the spray, and the consequent excessive amount of serum
which was exuded. I certainly have found that since employing
weak sublimate solutions for irrigation, this great quantity of serum
is not poured out, and consequently one of the chief reasons for

employing drainage is done away with. In fact, I very seldom
employ drainage of a wound unless in certain circumstances,

using instead of it pressure by means of sponges incorporated in

the dressing in the manner to be immediately described. "Where,

however, pressure cannot be satisfactorily employed, I think that

it renders the rapid healing of the wound more certain, and adds

to the comfort of the patient, to insert a drainage-tube for two or

three days. Such cases, for example, as the stump after amputation,

where the flaps are thin and cannot be subjected to pressure, re-

moval of a bronchocele, where pressure cannot be applied on account

of the presence of the trachea, the removal of the breast in very

thin women, where the flaps of skin are thin and might slough, in

very fat people also, where a quantity of oil is poured out into the

wound, I believe that it is always best to employ drainage. Of
course, in cases where the asepticity of the wound is doubtful

—

as, for example, where there has been an open sore or a sinus in

the region operated on—it is essential to employ drainage for two
or three days in case the wound should not be aseptic. In the

great majority of cases, however, the wound may be sewn up with-

out the use of drainage. Some surgeons stitch together the deeper

planes of the wound with catgut so as to avoid the occurrence of a

cavity, but except where one wishes to unite muscular or fibrous

tissues in order to give support to the part, I think this is quite

unnecessary, because the same result will be obtained by suitably

applied pressure.
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As regards the union of the edges of the wound, one must as

far as possible avoid all traction on the immediate edges. If there

be a difficulty in bringing the sides of the wound together, the

stitches that are employed for the purpose must be inserted at

some distance from the edge ; in fact, where the tension is very

great it is well to employ the button stitches that were introduced

by Sir Joseph Lister. In applying the button stitch, a needle

threaded with stout silver wire is inserted at a considerable distance

from the edge of the wound, and the end of it is fastened to a lead

button, so that a considerable area of pressure is exerted at the base

of the flap. The needle is then carried through the opposite side of

the wound, also far away from the edge, and when the wire is pulled

as tight as possible, another button is attached in a similar manner on
that side. Two or three pairs of buttons will generally suffice in the

case of a large wound, and will enable one to approximate the edges

much more closely. As a rule, where much skin has been taken
away, it is necessary, in addition to these button stitches, to employ
stitches of thick silver wire at various points in the course of the

wound, these stitches being also inserted at some little distance from
the edge, so as not to constrict the actual healing edge. Where
there is much tension these stitches should be numerous, so as to

distribute the pressure over a considerable area. Finally, the actual

edges of the wound are brought into contact without any tension by
means of fine suture of silk, fishing-gut, horse-hair, catgut, or any
material which the surgeon fancies. For my own part, I generally

employ a continuous stitch of fine silk, the stitch being inserted in the

same manner as in making button-holes, that is to say, the needle

always passing inside the loop of the silk, so that on one side there

is practically a continuous line of silk. These stitches may be left

in for a week or ten days. As a rule, however, it is well to remove
the button stitches after four or five days ; otherwise they are apt to

cut through or even to cause a slough at the point of greatest

pressure. "Where it is desirable to have as little scar as possible, as,

for example, in the face, it is very important to avoid the stitch

marks, which are often much more disfiguring than a linear scar,

and this can be done by inserting stitches of very fine catgut by
means of a Hagedorn's needle between the deepest layers of the

dermis on each side. These stitches remain in and gradually become
absorbed, and there is no puncture through the skin itself. The
actual epidermic line can then be brought together by strips of

gauze fixed on the skin on each side of the wound by means of

collodion.

Having stitched up the wound, it should be thoroughly squeezed,

so as to press out all the sublimate solution which has entered during

the irrigation, and also to expel any fluid blood which may be

present, and then the antiseptic dressings are applied. I believe the

most universally applicable and most satisfactory dressing is the

double cyanide gauze (mercury and zinc) introduced by Sir Joseph
Lister. This should be wrung out of either 1 to 40 carbolic lotion,



220 WOUNDS AND CONTUSIONS.

or 1 to 4,000 sublimate solution, and applied over the wound, and in

a considerable mass over a large area around ; and among the layers

of this gauze I place one or more sponges which have been thoroughly-

wrung out of carbolic acid solution, so arranged as to press over all

the recesses of the wound. Outside these sponges fresh layers of

gauze are applied, overlapping them in all directions, and outside of

all a mass of salicylic wool. This is then firmly bandaged on, and,

unless where a drainage-tube is employed, the dressing need not be

changed for about ten days, when it will be found that the wound
has healed and the stitches can be removed.

It is an occurrence of the very greatest rarity, where proper pre-

cautions are taken, for suppuration to occur in a wound ; and, if it

does occur, we must at the present day accept the view that it is

due to some oversight on the part of the surgeon or his assistants.

Where a drainage-tube has been used and the wound remains aseptic,

the dressing should be changed after about three days in order to

remove it ; and, no doubt, the patient is more comfortable after the

first dressing, because the bandage can be applied more in accord-

ance with his sensations ; but, on the whole, I think where a drain-

age-tube is not employed that it is best to leave the dressing on till

the wound is completely healed, otherwise, in removing the dressing,

one is very apt to disturb the union which is occurring in the deeper

parts, because the dressings applied as I have described very soon
dry up. and the deeper layer adheres firmly to the skin and the

edges of the wound, and, therefore, in removing it, these parts are

apt to be pulled upon.

In changing the dressings similar precautions must be employed
as have been described in making the wound. For example, a wet
towel should be arranged in the neighbourhood of the wound, so that

if by any accidental movement of the patient the clothes should

shift, what would come in contact with the wound would be an
aseptic towel, and not the dirty blankets. The lotion I generally

use is 1 to 2,000 sublimate solution, but in parts such as the axillae,

or after operation for hernia, where there may be a certain amount
of bacteric growth in the neighbourhood of the wound, I generally

wash the surrounding skin with 1 to 20 carbolic lotion. For the

purpose of washing the skin I use salicylic wool taken from the

layer of wool removed in the dressing which has been next the

cyanide gauze. This layer of wool is aseptic, having been pro-

tected from dust by the superficial layer next the bandage, which is

not employed for this purpose. Of course, it need hardly be pointed

out that in washing the parts after the removal of the dressing one

must not wash the surrounding skin, and then with the same cloth

wash the wound subsequently, because one might quite readily

transfer septic material from the surrounding skin to the wound in

this way ; and in order to avoid any risk of this kind it is well, as

soon as the wound is uncovered, to lay a piece of the soaked wool

over the line of incision before proceeding to clean the parts. One may
hen set to work and thoroughly cleanse all the skin in the vicinity
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without any risk of involuntarily transferring septic material to the
wound itself. As a matter of fact, it is not necessary to wash the
wound, and, above all things, it is not necessary to inject antiseptic

solutions into it, if, indeed, a cavity were present into which one
could inject ; and therefore, after having washed the skin around,
one may uncover the wound, cut the stitches, possibly wipe the
neighbourhood of the stitches with a little lotion, and then re-apply

the dressing as before.

Of course, while one is in this way arranging for the absence of

sepsis from the wound, one must also attend to the other details of

wound treatment, more especially to securing mechanical rest to the
part ; and in the case of the extremities this is best done by placing
the limb on a splint after the operation. In the case of operations

about the neck, for example, the large masses of wool and dressing
which are applied generally act in the first instance as a thoroughly
efficient splint.

As regards the general treatment also, the patient should for a
day or so, till he has recovered from the effects of the anaesthetic, be
kept on slops ; but in two or three days—if the wound be following

an aseptic course—he should be allowed generous diet, and, in fact,

he may be permitted to take his ordinary food. As a rule, about
the end of the second day it is well to administer an aperient

Stimulants are not necessary, unless in cases where a very extensive
wound has been made, and where there is consequently exhaustion
of the patient from loss of blood and shock.

In Germany, more especially, it is becoming the fashion at the

present time to avoid entirely the use of antiseptics in contact with
the wound, and there, after thorough disinfection of the skin and of

the instruments (the latter by boiling), no further antiseptic is

employed; and the dressings which are applied are composed of

materials which have been sterilised by heat, and which do not
contain any antiseptic substances. Theoretically, such a method
is an ideal one, and practically it can be carried out in certain

circumstances by persons who have had large experience in bacterio-

logical work ; but in ordinary practice the difficulties in the way of

securing asepsis of the wound in these circumstances are so great

that the surgeon cannot have any certainty as to his results. The
precautions needed to prevent the entrance and action of micro-

organisms are so irksome that it is practically impossible to carry

them out satisfactorily, more especially where one is dealing with
an operation which requires the exercise of much skill or thought.

In my opinion, it is much better to use antiseptics which, although

they no doubt irritate the wound to some slight extent, correct

involuntary mistakes on the part of the surgeon, and thus add a

much greater amount of certainty to the results. Such being the

view which I take of this plan of treatment, I need not enter into

any details with regard to it. The method which I have described

will secure union by first intention practically in all cases, unless

some error has crept in during the operation.



222 WOUNDS AND CONTUSIONS.

(b) Where union toy first intention fails.—In some in-

stances, however, union by first intention does not take place

throughout the whole extent of the wound, sometimes because

drainage has been omitted where it ought to have been employed,

and serum has therefore collected and prevented the approxi-

mation of the deep surfaces ; at other times because the incisions

through the skin have been made obliquely, leading possibly to

a narrow slough at the edge ; or because the stitches have been
much too tight, and have set up a certain amount of irritation

;

or because movement of the part has been permitted to an excessive

degree.

The great cause, however, of failure of union by first intention

is the growth in the wound of pyogenic organisms, and these

organisms must have entered from outside, either at the time of

the operation or subsequently, and they can only enter if some error

have been committed in carrying out the details previously described.

Where this cause of failure of union by first intention comes into

play, various symptoms arise which indicate what has occurred. In
the first place, the temperature rises rapidly to a much higher degree

than takes place in the case of the mere reactionary temperature

where the wound is aseptic, usually reaching 103° or 104° within

twenty-four hours. This rise of temperature is also accompanied with

other symptoms of fever, as distinguished from the aseptic rise where
no other febrile phenomena are present. The patient presents all the

characteristics which have been previously described in connection

with inflammation, that is to say, the pulse becomes rapid, the skin

hot and dry, the tongue furred, the excretions diminished, and possibly

there is some delirium. The temperature in these cases of traumatic

or inflammatory fever generally begins to fall about the second day,

and in uncomplicated and not very severe cases will again reach the

normal on the fifth or sixth day ; at the same time the patient

complains of great pain in the wound, which becomes swollen, the

edges of the skin red, and presently pus is found in it. {See

page 65.)

In other cases after the traumatic fever has passed off, or towards

the end of its course, other symptoms arise, indicating grave septic

complications, such as septic intoxication, acute septicaemia, or pysemia,

or erysipelas, conditions which are described in other Articles. In

ordinary uncomplicated wounds, where these graver forms of septic

disease do not arise, the general course is that the edges of the

wound in the first instance become glued together, subsequently

separate more or less completely, pus exudes from the deeper parts,

which become covered with a layer of granulation tissue, and the

wound gradually heals from the bottom. Where these symptoms
arise, the first point in the treatment is to provide for free exit

of the dischax*ge ; and, therefore, when a patient's temperature rises

and remains high, and when he complains of pain in the wound, the

dressing should at once be changed, some of the stitches removed,

the edges of the wound separated at that part with sinus forceps,
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and a large drainage-tube inserted. In these circumstances, I do
not think it advisable to wash out the wound with any antiseptic

solution, because by that means there is no chance of getting rid of

the septic condition, and the injury to the surface of the wound may
actually enable the organisms to penetrate into the body and give

rise to graver local and general phenomena. It is only in cases

where wounds are large, and where the symptoms are due to septic

intoxication, that I think washing out the wounds is good practice.

There, of course, it is essential that the putrefying material in the
wound should be got rid of as soon and as completely as possible,

and in such cases the washing out of the wound is merely employed
to remove these poisonous substances mechanically ; and, therefore, it

may be carried

out with plain

water or bor-

acic lotion

quite as effect-

ually, and with
much less dis-

advantage to

the patient,

than by the

use of strong

antiseptic solu-

tions.

As to the

subsequent
dressing of a

wound which
has become
septic, I think,

unless there be

much pain and swelling, that it is well to continue the sort of

dressings already described ; but where there is much swelling and
pain relief will be obtained by employing dressings which partake
of the character of fomentations. The antiseptic material—whether
it be cyanide gauze or boracic lint, or other substance—is wrung
out of warm lotions, and outside this a layer of mackintosh over-

lapping it in all directions is applied, with a layer of wool outside.

I think it is well in most cases to employ antiseptic material for

the purpose of these fomentations, or for the dressings, because,

although bacteria have already entered, it is possible that the kind

which has got in is not so virulent as others which might get in, and
while by continuing the antiseptic dressings we do not influence

those which have already entered, we may possibly prevent the

entrance of worse forms.

It is of importance to remember, where the edges of the wound
are not at the same level, that one side may be drawn in, or that

epithelium may spread down one side, and when this occurs the raw

Fig. 40.—Section through a small Sore which had remained un-
healed for many months. It will be seen that epithelium has
spread in along one side of the sore. On dissecting away the
invested part and uniting the edges the sore healed at once.
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surface in contact with the epithelial-covered surface will not heal

(Fig. 40). In such a case it is necessary to dissect away the in-

verted edge, or the epithelial-covered surface, so as to have two raw
surfaces opposed to each other.

(c) Where the edges of the skin eannot be brought
together.—It is not always possible to bring the edges of the

skin together after operation. For example, in many cases it is

necessary to remove such a large amount of skin that an open
wound must be left, and in these circumstances the best method
of healing to aim at is healing by blood clot. After the operation

has been finished, and the wound closed as far as possible, the

remainder should be allowed to fill with blood. If the bleeding has

been too freely arrested, some parts should be scratched so as to

furnish the blood, care being taken not to pour fluids into the

wound, otherwise the coagulation of this blood might be interfered

with. Hence, when the wound has been inflicted and stitched up
with the various precautions that have been described, a little

bleeding should be allowed to go on, and a piece of protective which
has been dipped first in 1 to 20 carbolic lotion, and then subsequently

in weak sublimate solution, is placed over the open part of the

wound, overlapping the skin all around. Outside this the ordinary

gauze and wool dressings are applied, and the wound is left at rest for

ten or fourteen days. The result is that underneath the protective

the blood coagulates, and this coagulum is not further irritated ; and
here, of course, especial care must be taken to prevent any move-
ment of the part. Cells very quickly penetrate into this clot, and
in the manner previously described (page 206) develop into fibrous

tissue, and if organisms be carefully excluded and the dressing be
changed very seldom, and irritation of the surface of the clot be
avoided, it will be found after a few weeks that the place of the

clot has been taken by organising fibrous tissue, and that towards

the surface epithelium has spread across and formed a cicatrix.

In cases where wounds are very large, however, healing by
blood clot would imply a long period of time, and in such cir-

cumstances it is best to get immediate healing by means of skin-

grafting. If Thiersch's method of skin-grafting be employed in the

manner previously described (page 117), these grafts adhere appa-

rently quite as readily to the freshly-cut wound as they do to the

scraped surface of an ulcer, and, therefore, on the termination of an
operation the wound may at once be completely covered with skin

grafts in the manner already detailed.

If these wounds become septic from some accidental occurrence

during or after the operation, the symptoms are somewhat the same
as those where sepsis has taken place in an incised wound; but

unless the wound is large, or unless some specific virus, such as that

of erysipelas, has entered, they are not nearly so severe. The tem-

perature rises to some extent and only falls gradually, while the

patient complains of pain in the wound, which becomes red and
swollen, and very quickly covered with granulation tissue and



WOUNDS OF MUCOUS MEMBRANE. 225

exudes pus. In such circumstances it is not usually necessary

to do more than wash away the pus that accumulates on the

surface, and continue the same sort of antiseptic dressings, the

wound being skin-grafted, if large, after granulation is complete, in

exactly the same manner as has been described in speaking of ulcers.

Some surgeons use iodoform very largely, both in recent and
in septic wounds ; but it seems to be now clearly established

that iodoform as an antiseptic is quite untrustworthy, in fact, it

has almost no antiseptic power. Consequently, to depend on this

substance as a method of keeping bacteria out of wounds in the first

instance, or of interfering with their growth in the wound should

they enter, is quite an untrustworthy plan. Indeed, it has been
shown in a certain number of cases that sepsis has actually been
conveyed to the wound by the iodoform itself, when the vessel in

which it has been contained has become contaminated with septic

material, which has dried up and mixed with the iodoform, and
been subsequently powdered over the surface of the wound. As an
application, however, in wounds that have already become septic,

iodoform is apparently of some value, and it seems from experiments

that it acts more especially by breaking up the poisonous products

which have been already formed by the bacteria, and that while

doing so it is decomposed, and free iodine liberated, which may
possibly exercise a certain inhibitory effect on the bacteric growth.

Hence the use of iodoform in these cases may be of some advantage,

and, provided it has been properly sterilised and has not been used
in too large quantity, it can do no harm.

The too free use of this drug may lead to the phenomena of

iodoform poisoning, such as an erythematous eruption, fever, rapid

pulse, vomiting, and excitement or delirium.

As regards the lotions for washing out these open wounds, 1

should strongly dissuade from the use of carbolic acid or of strong

sublimate solutions, because these can only irritate and injure the

granulation layer, and thus enable bacteria to penetrate into it. If

the wound must be washed out, it should be done either with

some weak sublimate solution (1 to 4,000 or 1 to 6,000 is what I
always use) or with boracic lotion, or sanitas, or some other non-
irritating antiseptic. Where the wound has become entirely covered

with granulations, the use of various antiseptic ointments sometimes
answers very well, more especially boracic ointment of half the

pharmacopceial strength, or eucalyptus ointment, and outside the

muslin which has been spread with the ointment some antiseptic

dressing such as boracic lint should be applied.

(d) Wounds of mucous membrane.—In cases where the

wounds involve the mucous membrane, or have been made entirely

on mucous surfaces, strict antiseptic treatment is, of course, out of

the question, and here the aim must be to place obstacles in the way
of the growth of the bacteria, more especially to strengthen the

resistance of the body. Hence, before doing operations in these

situations where there is no immediate hurry, steps should be taken
I



226 WOUNDS AND CONTUSIONS.

as far as possible to place the patient in a good state of health. Foi
example, in operating for cleft palate, one should see that the patient

has had a good holiday, and that his general health is good ; secondly,

one must perform the operation as neatly as possible, and more
especially avoid any bruising of the surface of the wound, or any
application of antiseptic substances to it ; then thirdly, the wound
must be accurately united throughout the whole extent, and not
merely at its mucous surfaces, and care should be taken that blood,

saliva, or any septic material is thoroughly removed from the

surface of the wound before the stitches are fastened. Further, as

regards the stitches themselves, they should be of some soft material

which will not cause irritation, which will yield to the movements
of the part, and which is not porous, such as horsehair or fine cat-

gut. Finally, the part should be kept as much at rest as possible,

and great attention paid to the strength and general condition of

the patient. Where union by first intention fails in such cases, the

use of iodoform is very good, the part, of course, being placed as

completely at rest as may be.

2. Accidental WOUnds.—Finally, we must consider now the

treatment in cases where wounds which have been recently inflicted

have not been made by the surgeon. Examples are afforded by suicidal

wounds, wounds caused by the wheel of a vehicle, etc. In such
cases we usually have not to deal with a clean-cut wound, but with a
contused or lacerated one ; and I shall presently speak of the charac-

teristics and treatment of these wounds. But the great point with

regard to the treatment in these cases is that dirt has almost cer-

tainly entered the wounds, and, if it be not neutralised, will give

rise to sepsis ; hence, the first factor in the treatment is thorough
disinfection, and this is more especially imperative where the

wound has been caused by the wheel of a vehicle, and where,

therefore, a large amount of dirt and earth has been ground into

the part. In such circumstances it is often necessary to anaes-

thetise the patient, to lay the wound freely open and thoroughly
scrub it with a nail brush and the strong mixture (page 214) till

the dirt and grease have been as completely removed as possible.

In badly soiled cases I think it is best to sponge the whole
surface of the wound with undiluted carbolic acid. Although
this produces a minute layer of slough, still it more effectually

destroys the organisms than any other method. In these wounds,
also, no attempt should be made to secure union by first intention

along their whole extent. Apart from the fact that the edges

are contused, and will not in all probability properly unite, it

would not do to stitch the wound closely together, because in

spite of the most careful attempts at disinfection, one sometimes
fails in attaining the object, and one must therefore always provide

for free exit of discharge by means of drainage-tubes if necessary.

The utmost that one should do in the way of stitches in the first

instance, till the asepticity of the wound is clear, is to put in one or

two so as to hold the flaps in position. This is an essential element
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in the treatment of a cut head, for example, where pieces of hair are

almost certain to enter, and these must be carefully removed ; and
even when removed with the greatest care one can never be certain

that the wound will remain aseptic. Hence, in the case of a cut

head, I recommend disinfection of the wound in the way I have
described ; but it should be left open, or, at most, supported by one
or two stitches, and a large drainage-tube should be passed into it,

the external dressings employed being the same as those already

described.

I need not here enter into the special treatment of compound
fracture, wounds of joints and large serous cavities, as these will be

discussed under the proper headings. So far as asepsis is concerned,

the essential point is to enlarge the wound, if necessary, so as to be
able to get at all the recesses, and then to remove thoroughly any
foreign bodies or dirt, and saturate the tissues with some strong

antiseptic solution, more especially with a 1 to 20 carbolic acid

solution.

3. Contused wounds.—So far I have been speaking of the

treatment of incised wounds. Where the wound is not inflicted

by the surgeon, it most usually, however, is not a clean incised

wound, but either a contused or a lacerated wound.
In a contused wound the skin has given way over a contused

part, and the condition of the wound is such that the edges are

very much bruised and infiltrated with blood, and if excessive

inflammation occur in these edges sloughing is very apt to take
place. Besides, if the wound become septic, the organisms have
a large amount of weak tissue in which they can grow luxu-

riantly, and very serious suppuration and general septic effects

will probably result. Hence, in cases of contused wounds, it is

particularly desirable to asepticise the wound thoroughly, and if the

part be seen soon after the accident, as a rule there is no great

difficulty in doing so. If the wound in the skin be small, it should
be enlarged, so that the whole contused subcutaneous area is exposed,

and, the edges being held aside, the injured tissues are thoroughly
cleansed and scrubbed with strong antiseptic solutions, more
especially with a 1 to 20 carbolic acid solution, and also with sub-

limate solutions, the skin around being very carefully disinfected

in the manner previously described (page 213). No stitches should be
employed, but the wound should be left freely open. In fact, in

some cases it is well to stuff the wound with gauze for a few days.

If after that time it be found that asepsis has been attained, and
that the edges of the skin have retained their vitality, one may then

insert a few stitches with a view of getting more rapid healing.

When suppuration occurs in contused wounds, and where the

wound is extensive, probably the best method of treatment is

constant irrigation with some weak antiseptic solution. Irrigation

acts essentially by washing away the albuminous fluids as soon as

they are poured out from the wound, and thus removes the pabulum
on which the micro-organisms would live ; and if a small amount of

i 2
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some antiseptic be added to the water employed for the irrigation,

a certain inhibitory effect will be produced as regards the growth
of these organisms. Irrigation is carried out in various ways, and as a
matter of fact it is almost only applicable to injmies of the extremities.

Where it is used the bed should be covered with mackintosh, which is

carefully fastened round the upper part of the affected extremity, so

as to prevent the fluids from running into the bed, and, if it be pos-

sible, the limb should be laid in a trough in order to catch the fluid.

Where this is not possible, one must simply arrange the mackintosh

so that the stream of fluid is conducted into a vessel at the side of

the bed. Various irrigators are employed, probably the simplest

being a piece of worsted thread, one end being placed in a vessel

containing the solution to be employed, and the other end lying

on the centre of the wound. By capillary attraction, there is a

constant, though slow, stream running into the wound. Where
more rapid irrigation is required, this must be carried out by means
of a proper irrigator, with tubing and a nozzle with stopcock ; but in

most cases the worsted thread will supply enough fluid.

In employing irrigation, the parts around should be thoroughly

soaked with vaseline or other fatty substance, so as to prevent the

skin from becoming sodden^ and the fluid must not be allowed to drop

on to the wound. Whether it. be the worsted thread or the nozzle of

an irrigator, the supply of the fluid must be in actual contact with

the surface, there being nothing more painful than a continual

dropping of fluid on to a wound. As regards the fluid to be

employed for irrigation, it should be about the temperature of the

body, and contain some mild antiseptic, more especially some
antiseptic which does not coagulate albumen. Boracic acid, for

example, is an excellent material for irrigation, weak iodine

water has also been much employed, as also weak solutions of per-

chloride of iron. Sanitas and permanganate of potash are, next to

boracic acid, probably the best materials. The irrigation must be

interrupted after a few hours, the part in the interval being wrapped
up in wet antiseptic gauze, with mackintosh outside. Continuous
irrigation renders the wound too oedematous and interferes with the

healing process. As soon as the "wound has become covered with

granulations, the irrigation should be intermitted and recourse

had to various antiseptic ointments or other dressings which have

already been described in connection with ulcers and wounds
(pages 115 and 225).

4. Lacerated WOUnds.—By a lacerated wound we mean one

which has been inflicted by a blunt instrument which has torn the

skin rather than contused it. Very often these wounds are pro-

duced by machinery in movement, and the skin is often torn off

for a very considerable distance. The result is that if the wound
be left to nature, violent inflammation and suppuration occur in

the part, and extensive portions of these torn tissues slough, and here

ao-ain it is very essential that the wound should be made aseptic if

possible. This is done in the same way as has been previously
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described, by thoroughly scrubbing the parts with a nail-brush and
strong antiseptic solution, the patient naturally being under chloro-

form. In lacerated wounds it is very often more difficult to complete

the disinfection, owing to the fact that the instrument which has

produced them may have been covered with grease or dirt. No
attempt should be made to stitch up a lacerated wound. If an
extensive flap of skin has been torn off", it may be held somewhat in

position by one or two stitches, but union by first intention is quite

out of the question, and the wound should therefore be left open to

permit a free escape of the discharge. Where the wound is aseptic,

healing occurs usually by blood clot ; but where the skin has been
extensively torn off, it is well—when once the clot has become pai*-

tially organised—to remove the half-organised surface and cover the

part with skin grafts ; otherwise a long time may elapse before

healing is complete, and excessive contraction of the neighbouring

parts may take place. Where the attempt at asepsis has failed, con-

stant irrigation is again the most favourable method of treatment.

DISEASES OF CICATRICES.

While in cases where union by first intention has taken place

the cicatrix is usually quite satisfactory, this is not by any means
the case where cicatrices have followed wounds in which the edges

have not come together. In such cases we may have (1) weak
cicatrices which are constantly tending to break down, (2) painful

cicatrices, (3) contracting cicatrices, or (4) a cheloid condition, the

latter also occurring in union by first intention.

1. Weak cicatrix.—Where a cicatrix constantly tends to break

down, the cause is generally to be found in the large size of the

original sore and in the incomplete contraction which has taken

place during the healing processes. Hence these cicatrices are

generally found after very extensive burns, towards the centre

of the part injured, or where the scar is attached to bone, etc.
\

and the treatment in these cases must consist in the first instance

in the prophylactic treatment, namely, the avoidance of these

cicatrices, or if they have occurred, one must attempt to remedy
them by permitting a proper amount of contraction.

Where we have a large wound we may feel pretty certain that

if the healing of the wound be left to nature, the centre of the scar

will be weak, and therefore in these large wounds it is well before

healing has progressed to any great extent to employ skin grafting,

even although the wound affects the trunk or the upper extremity.

By doing so a much sounder scar will be obtained and much less

contraction will be necessary. Where, however, we have to do
with an already-formed cicatrix which is constantly giving way,

if the condition be due to inefficient contraction one must attempt

to remedy this by freeing the scar by tenotomy, by plastic opera-

tions, etc. As a rule, skin grafting at this period does not produce
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a completely satisfactory result, and probably the best method is

to cut away the whole of the weak part of the scar and then to

turn a flap over it from some convenient part in the neighbourhood.

Thus where the scar is on the side of the chest, one may fasten the

arm to the side and turn a flap of skin from the arm on to the cen-

tre of the scar. In such a case a long flap would be required, and
if it were detached at once at one side it would very probably slough,

hence the method which has
been advocated, more especially

by Mr. Croft, is to be recom-

mended. He 'marks out a flap

of the proper length and makes
lateral incisions of the necessary

breadth, undermines the flap of

skin, and then introduces be-

tween this flap and the deeper

tissues a piece of protective to

prevent adhesion, and leaves the

flap attached at each end till the

under surface has completely

granulated. He then detaches

one end and turns the flap on to

the granulating surface of the

sore, and after ten days or a

fortnight, when adhesion has

thoroughly occurred, the other

end is also divided and the flap

remains in situ.

Where the weakness of the

scar is due to adhe-

sion to the bones,

one may also attempt

to separate the scar

from the bone, or

even to excise the

scar and turn in the

flap from the side.

In very bad cases,

especially where contraction is present as well, it may be neces-
sary to remove the subjacent portion of the bone in order to
permit the scar to contract soundly. For example, where we have
such a condition over the elbow joint, cure will be obtained by ex-

cising the elbow ; and by such a method of treatment two advantages
will be gained, not merely that a sound scar will result with the possi-

bility of contraction, but that a movable elbow will be obtained. In
the case of the leg it has been found necessary to remove an inch or
two of the tibia and fibia, and thus shorten the leg in order to
obtain healing of the wound ; but as I have previously said, these
troubles can usually be entirely avoided if during the course of the

Fig. 41.- -Arm bound to Side by Contraction of a Sore
after extensive Burn.
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healing of the wound skin grafting according to Thiersch's method
is employed (page 117).

2. Painful Cicatrix.—Where we have to do with painful
cicatrices, the cause is generally the implication of the nerves in

the contracting fibrous tissue and the consequent occurrence of a
certain amount of neuritis ; and the best remedy is to dissect away
the scar altogether and employ
immediate skin grafting.

3. Contracting cicatrix,

—Where we have contracting

cicatrices, the cicatrix should be
divided and the gap either closed

by plastic operation, or much
better by Thiersch's skin grafts

(Figs. 41 and 42).

4. Cheloid.—A che-

loid condition of a scar is

one in which the scar

begins to thicken, the

thickening commencing
at the point where it joins

the skin. After a time

these scars form irregular

and unsightly hard pro-

jections, which often show
dilated veins on the sur-

face which are not very
vascular and which creak

under the scalpel. The
surface is smooth and
glistening and raised, and
from the major mass no-

dules or claw-like pro-

cesses may extend over

the adjacent integument.

The skin around be-

comes pulled on, and in

this way great deformity
results. This condition of cheloid seems to be dependent on some
constitutional state, and is supposed to be more especially associated

with tuberculous disease. It is often noticed in wounds which
have been irritated unduly. Certain it is that in some persons

every scar, even the minutest, tends to thicken and become cheloid

in this way. These scars do not, as a rule, cause any pain, but
they are heavy and unsightly, and are very apt to ulcerate and
bleed. They are often the seat of great itching and there may
be neuralgic pains in them. On examining the structure micro-

scopically, there is found to be marked proliferation of the fibrous

tissue, and in the growing parts there are numerous cells. They

Fig. 42.—Same Case as Fig. 41, after the Arm had been
separated from the Side and the raw Surfaces made
to heal at once by Skin-grafting.
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do not usually penetrate below the skin, keeping where they affect

the skin itself to the surface of the dermis, leaving the papillary

layer intact.

As regards the treatment, the condition is an excessively difficult

one to get rid of. At first sight one is often tempted to cut out

these cheloid scars ; but as a rule the condition is simply reproduced

in the scar so formed, and not only along the line of incision, but also

in the stitch tracts, and the resulting deformity may be equally bad
with the original. Nevertheless, I think that in some cases where
one has to do with a large broad cheloid, and where it is possible

to bring the edges of the skin together, one may very much improve
matters, even although one does substitute a linear cheloid scar for

the original mass ; and if an attempt be made to dissect out the

cheloid with the view of getting a linear cicatrix, one should avoid

the use of stitches altogether unless there is great tension on the

parts. The edges of the skin may be approximated by buried stitches

as described under wound treatment, and the approximation completed

by the use of strips of gauze fixed with collodion which bring the

actual epidermic surfaces into contact (page 219). Where, however,

it is not desirable to dissect out the cheloid scar, the essential point

in the treatment is to interfere with the blood supplied to the part,

and this is done by employing pressure in various ways. In some
cases improvement is obtained by painting the surface of the cheloid

with ordinary collodion. As the collodion dries it contracts and
compresses the parts beneath. The disadvantage is that in some
cases it leads to ulceration. Various plasters have also been applied

with the view of causing pressure, and formerly attempts were made
to destroy the cheloid by means of scarifications or by the use of the

actual cautery ; but as a rule, these attempts have been given up.

At the same time, the use of cod-liver oil internally seems to be of

considerable disadvantage.

CONTUSIONS.

Effects.—By contusion one means the result of a severe blow
on the soft parts without a breach of the surface. The effect of

the blow is to bruise and tear the cellular and muscular tissues,

and very probably the skin itself, leading to haemorrhage into the

torn parts. Where the skin is unbroken, and the patient is healthy,

this deep-seated wound generally recovers without any suppuration

or other trouble, healing occurring by blood clot just as in the open
wound ; but in some cases the contusion of the skin is so severe as

to lead to its ultimate sloughing, and in that instance, if the part

which has been contused has not been rendered aseptic previously,

we may have a suppurating wound with the separation of sloughs

of cellular and muscular tissue, which may be a long time in

healing, and which may even be a considerable source of danger
to the patient. In some cases the blood which is poured out

into the cellular tissue after a contusion is large in amount, and
leads to the formation of a distinct tumour (Juematoma) . This
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blood may not coagulate properly, or, if it does, may not be
completely organised, the result being that around the exterior a
layer of fibrous tissue is formed, in the interior of which is clear

serum j in other words, we have a blood cyst which may remain
indefinitely, or even may become inflamed and suppurate. As a
rule, subcutaneous bruises do not suppurate, unless in drunkards or

unhealthy persons.

Symptoms.—As to the characters of a contusion, the patient

generally suffers a good deal of pain in the first instance from the

bruising of the nerves, which, however, passes off in the course of

twenty-four hours. The part may become swollen even to a very
large extent, the swelling being due partly to haemorrhage from
the torn vessels and partly to oedema from the early stages of

inflammation which occur around the contused parts. In the course

of a few hours, if the contusion be superficial, the blood stains the

skin, and we have a dark colour of the part ; but very shortly the

blood pigment undergoes alterations, so that the skin changes from
a black to a blue or yellowish colour before it ultimately regains

its normal appearance. As the result of the cedematous condition of

the tissues this blood pigment is also carried for a considerable

distance through them, and thus the yellow and green stain is

generally much more extensive than the original seat of injury, and
is usually more marked towards the most dependent parts, owing to

the gravitation of the cedematous fluid towards these parts.

Where much blood has been poured out we have the condition

known as hsematoma, and where a blood cyst is about to form we find

around the margin of the collection of blood a hard rim, while the

interior is quite soft. When these hsematomata are situated on the

skull this peculiar condition has often given rise to the mistaken
view that there was a fracture of the skull with depression, because

the finger in passing over the swelling feels the hard edge of what
is apparently the bone, and then inside that edge passes much
deeper, apparently into a cavity. This condition is more especially

evident where the bruise has affected the periosteum, and where,

therefore, the blood is caught in the meshes of the periosteum and
does not diffuse itself so readily as in an ordinary wound.

Treatment.—As regards the treatment of contusion, the most
rapid method of getting rid of the effused blood is by gentle massage,

carried on in the first instance very lightly and only for a few minutes,

but gradually increasing both in time and in vigour as absorption goes

on. In such circumstances the parts will generally be well in

the course of a week or ten days. Of course, this treatment is not

necessary unless in large contusions, or where the contusion affects

parts—more especially joints—where stiffness may subsequently

result if they be kept too long at rest. In other circumstances the

best treatment is in the first instance the employment of cold, with the

view of checking the subcutaneous haemorrhage, and afterwards rest

and pressure with a mass of cotton-wool and a bandage, so as to lead

to absorption. Formerly one was told not to interfere by operation
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with hsematomata ; but now, with the protection or asepsis, there

is no object in losing time by leaving large effusions of blood to

become absorbed or converted into blood cysts, and therefore,

where we have to do with a large effusion of blood which has

not properly coagulated, the best treatment is within a day or two,

after asepticising the skin, to make an incision into the part, turn

out the fluid and soft clots, and insert a drainage-tube. The same
treatment will usually be sufficient with blood cysts, though in

some cases it is perhaps more rat>id and more advisable to cut them
out altogether.



XI. MILITAET SURGERY.

By Surgeon-Major ANDREW DUNCAN, I.M.S., M.D., B.S. Lond.,

F.R.C.S., 3rd Goorkha Rifles.

"

The wounds met with in warfare may be classed as follows :

—

I. Gunshot wounds: (1) From massive projectiles; (2) from
musketry and rifle and pistol fire.

II. Bayonet and sword wounds.

III. Arrow wounds.

I. GUNSHOT WOUNDS.

These include all those resulting from the action of " missiles

that have been projected by force derived from explosion " (Long-
more). They may arise directly from shell or bullet, or indirectly

from objects such as pieces of stone set in motion by the above
missiles. They are in their nature contused and lacerated wounds.
In civil life we have chiefly to do with injuries produced by " shot

"

or pistol bullets. At a very short range, before the shot has had
time to scatter, a severe lacerated wound may be caused. Pistol

bullets cause a wound possessing more or less the character of that

caused by a rifle bullet, though less damaging in their effects.

Variety Of bullet.—The injuries produced by musketry fire

vary with the nature of the missile. We will first consider the

difference in the effects caused by round and conoidal bullets.

As regards (1) shape, the conoidal bullet acts chiefly as a wedge,

having great penetrative and splitting powers, whilst the round
bullet causes chiefly local effects. The round bullet also frequently

lodges, whereas the pointed shape of the conoidal bullet, tends to

prevent this result. In its (2) smaller dimensions, the conoidal affects

a narrower zone of tissue, and foreign bodies are less likely to be

carried into the wound. The round bullet has greater stopping-

power. In respect to (3) velocity, the round bullet quickly loses its

initial velocity after leaving the barrel, whilst that of the conoidal is

retained ; and inasmuch as the destructive power of a bullet is

increased proportionately with the square of the increase of its

velocity, greater disturbance of the parts traversed is caused by the

conoidal missile. But although the destructive action is more intense,

I* 2
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the area laterally affected is more limited, as Kirker has pointed out.

Hence, the wound caused by the conoidal will be narrower, have

more defined walls, but contain more thoroughly disintegrated tissue.

Finally, with regard to (4) rotation, the round bullet revolves on an

axis at right angles to its line of flight, and this can be easily

deflected by any resistance in its course ; whereas the conoidal bullet,

rotating on an axis identical with its line of flight, penetrates the

tissues more easily, and so will destroy them in a more limited

degree than the round. Hence, it would seem that the wound of

the conoidal being narrower, containing less of the foreign substance,

and being more sharply defined from the surrounding tissues, has a

greater tendency to heal. The exception occurs where the bones

have been much splintered.

The round bullet, on meeting with a hard-resisting substance,

such as the compact tissue of the thigh-bone, becomes splintered and
altered in shape. The expansion undergone by the Snider bullet

and its splintering were so great that it was practically an ex-

plosive one. With the Martini-Henry missile, the bullet being

composed of lead mixed with tin, the deformity on contact was
much less.

At the present time every important Power is armed with the

magazine rifle. The bullets are smaller, harder, and lighter. In the

British Army the Martini-Henry, with its calibre of -450 inch, has

been superseded by the Lee-Metford rifle, with a bullet of a calibre

of -303 inch (Fig. 44). The following table shows the more im-

portant characters of the various bullets used by the European
Powers at the present time :

—

Power. Weight. Calibre. Composition. Velocity {Muzzle).

Great Britain

a Snider 480 gs. 0-577" Pure lead 1,240 ft. per sec.

b Martini-Henry 480 gs. 0-450" Lead and tin. 1,315 ft. per sec.

cLee-Metford ... 217 gs. 0-303" A central core of lead

and antimony, with
a covering of copper
and nickel

2,000 ft. per sec.

Austria 242 gs. 0-315" Covering of steel 1,968 ft. per sec.

France 216 gs. 0-315" Covering of copper,

nickel, and zinc

2,073 ft. per sec.

Germany 223 gs. 0-311" Covering of steel 2,034 ft. per sec.

Russia 215 gs. 0-300" Covering of nickel 2,000 ft. per sec.

As yet, the new magazine bullet has only been used in the late

Chilian campaign. The consideration of the wounds inflicted by
it will be considered later, but meanwhile its main characteristics

would seem to be—less stopping-power and greater penetration.

Pig. 43 shows the shapes of the bullets above named, and includes

also the Snider, Needle-gun, Chassepot, and Enfield bullets. Fig. 44
depicts the Lee-Metford bullet.
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Number of wounds made by bullets.—There may be only

one wound in cases where the bullet has lodged ; or two when it

has escaped ; or

the wounds may
be multiple, the

bullet splitting

against a bone,

and thus causing

more than one

aperture of exit,

or one bullet may
pass through more
than one part of

the body. More
rarely two projec-

tiles have caused

a single wound.
The aperture of

exit is more often

multiple than that

of entrance. With
the magazine bul-

let the number of

wounds generally

will be greater.

Primary
general symp-
toms.—Pain may in some cases not be ex]3erienced at all. The
wounded man may be first made aware of his wound by the

haemorrhage from the part. Again, no pain may be
felt at the moment of impact, but shortly afterwards

the most excruciating anguish comes on, especially if the

bullet have lodged under the skin, and is stretching it.

Again, if nerve trunks be injured, the pain is especially

great. The gravity of the wound also has an influence
;

an extensive wound of the thigh is markedly painful.

The smaller the missile and the greater its velocity, the

less is the pain. The soft parts when wounded are less

painful than the bones. In character the pain has

been likened to that caused by a blow with a heavy
stick, or to that of an electric shock. Race and na-

tionality appear to influence its intensity. Mussulmans
would seem to be comparatively insensitive. Fischer,

in the Bohemian War, found the Italians and Poles

most susceptible, the Hungarians least, and the Ger-

mans midway in this respect. Finally, pain may be
entirely absent from the aperture of entrance, and only

felt at that of exit, leading the wounded man to imagine he has only
been struck at the latter spot.

Fig. 43.—Bullets
1, Martini -Henry; 2, Needle gun; 3, Chassepot

;

5, Snider ; 6, Enfield.
Round Dullet

;

1'ig. 41. — Lee-
Metford Bul-
let.
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Shock in some degree almost always accompanies gunshot wounds.
It may be general or local. General shock is especially present in

wounds from massive projectiles, in abdominal wounds, or where a

limb of the body has been carried away. The severity of the shock

and its long continuance indicate that some important organ has

been wounded. It occurs less frequently where the soft parts only

have been wounded. The usual symptoms are present. A pale cold

skin, sunken eye, cold sweats, great flaccidity of the integument, fre-

quent, small and scarcely perceptible pulse, with quickened superficial

breathing. There is marked apathy, but consciousness is retained.

Should death not supervene, the above state passes into that of

reaction. The eyes lose their sunken state, the face flushes, the tem-

perature rises, the pulse becomes stronger, and often delirium sets in.

In local shock the wounded part only is affected. The part in

question is cold and pallid, without sensation or motion, or possibly

abnormal sensations such as formication may be felt. This local

shock may either become general or gradually disappear.

As regards prognosis, the loss of temperature is the most im-

portant feature. Regard, with reference to this, states that every

wounded man brought to hospital with a temperature of 96° F. will

die, according to his experience. Again, if reaction does not come
on by the end of the fourth hour, and in direct ratio to the previous

fall, the condition is one of jeopardy.

Syncope, resulting immediately on receipt of a wound, occurs

especially where the large nervous trunks are implicated. Psychical

effects may also cause fainting. Thirst is nearly always intensely felt,

being produced by the excitement undergone, by fatigue, dust and
heat. Lastly, a condition sometimes observed after instantaneous

death from gunshot wounds is that of instantaneous rigor mortis. The
rationale of this occurrence is not yet determined. It is said to occur

especially after wounds of the cerebro-spinal axis, and after death

from haemorrhage. In this condition the attitude of the soldier at

the moment of death is preserved even against the force of gravity.

It cannot be due to cold, as it has occurred when the temperature

has been high.

Local Symptoms.—Primary hcemorrhage arises from one of the

large vessels being cut across, or it may be capillary. It has been

comparatively rarely met with as a dangerous factor on the field of

battle, the wounds hitherto inflicted having been seldom clean cut, but

being generally contused or lacerated. Death, however, from primary

haemorrhage is likely to happen more frequently in the future from

the magazine bullet, as a cleaner and more incised wound is made.

Wounds of the main vessels may be fatal immediately, but are not

necessarily so, for the haemorrhage may be temporarily arrested by the

retraction and curling-up of the inner coats of the artery. Thus a

wound cutting completely across a vessel is less dangerous than

a partial wound of the vessel wall. Where the haemorrhage is

capillary, it will ooze slowly, staining the surrounding tissues, and

can usually be arrested by slight pressure.
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Condition of the tissues.—With regard to the soft parts,

the skin may be (1) contused. It is livid, relaxed, and often colder

than the surrounding parts. The surgeon should in these cases

always be on the look-out for extensive damage in the deeper parts.

After the preliminary stage of pallor and coldness, redness, heat, and
swelling supervene. The pain increases, and there is much sub-

cutaneous effusion. Eventually the skin may slough.

The wound may be (2) of a lacerated character, superficial or

deep. The sides tnd bottom of the wound are formed of the debris

of the contused tissues. The pain is often severe and paroxysmal.

(3) Canal-shaped wounds.—With spent balls there may be only an
aperture of entrance. Portions of the dress may be carried into the

wound, or the wound may be of the " seton " character. With the

old round bullet the aperture of exit was sharply distinguishable

from that of entrance, but with the conoidal the differences have
in a great measure disappeared, and with the magazine bullet are

practically non-existent. With the round bullet in its entirety,

striking the body at right angles, the aperture of entrance was
rounded, inverted, ecchymosed, and of smaller diameter than that

of the missile. Generally, also, there was a slight loss of substance

in the integument. The aperture of exit was larger, more irre-

gular, everted, and with greater loss of substance. The wound of

exit, as a rule, heals first. With the magazine bullet both the

apertures are much more cleanly cut. As regards the track of the

bullets, the conoidal causes one with more cleanly-cut walls than

the round, and is often so small as to be closed by the coming
together of its sides, whilst that of the round bullet remains patent.

The wound in the fascial may be either a mere slit, or there may
be loss of substance. Fascia? resist the onward passage of the bullet

;

and where its velocity is not great, can turn it aside, or even arrest

it. The sides of the wound may so completely fall together that its

channel cannot be made out. The great importance of wounds of

the fasciae lies in the influence exerted by them in cases where
infective inflammation has supervened. Conoidal bullets separate

merely the crossing fibres of the strong fasciae, so that the fascial

openings have a smaller diameter than the general track, and thus

any discharge of pus, should it form, will be interfered with.

Tendons are most frequently pushed aside during the passage oi

the ball, returning to their normal place afterwards, or they may be

torn from their insertion. Large tendons, such as the tendo Achillis,

have been perforated, or their edges may be notched. Dr. Chenu, in

the war of 1870, described cases of arrest, and even of splitting of

small bullets by tendons.

The muscles may be lacerated and contused, and the seat of

much extravasated blood. The destruction caused by the missile

is ordinarily limited to the neighbourhood of impact. Where a ball

has channelled through several muscles, the track will often not

be continuous. It is larger in diameter than the ball, irregular in

outline, and contains a sanguineous lacerated pulp ; or the canal
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may be extremely narrow, and difficult to follow. Very rarely is a

muscle completely divided. If it be so, the ends retract for some
distance.

As regards the nerves, the main trunks, frequently from their

deep position and lax attachment, escape injury. Their branches

are, however, more liable to be damaged. They may be contused and
crushed, cut across or perforated {e.g. the sciatic). Various symp-

toms due to loss of motion and sensation are present, more especially

the former, sensation being less influenced from the collateral com-

munications that are naturally present. As sequelae, trophic changes

may occur, atrophy of muscle, lividity and gangrene of the skin, and
even necrosis of bone. The neuritis and sclerosis of the nerve at

the focus of injury may extend far beyond it, even to the great

centres.

The blood-vessels may be either simply contused or their walls

completely or partially divided. With the old round bullet arteries

had more chance of evading the missile, on account of its less velocity

and penetrating power. Owing to the smaller size, pointed end,

and greater velocity of the magazine bullet, arteries in future wars

will less frequently escape. Delorme holds that in the immense
majority of cases the bullet contuses or cuts out a piece of the vessel

on meeting it. Gahde states that arterial lesions are less common
where only the soft parts are wounded than where fractures have
occurred.

Where the vessels are simply contused, the projectile (having

somewhat feeble velocity) causes an effusion of blood in the sheath

of the vessel : this infiltration may be subsequently absorbed. If

a main artery be affected, gangrene from thrombosis may occur,

especially where the vein is also wounded, or secondary haemor-

rhage from ulceration in the vessel-wall may ensue. Where the

trunk of the vessel is wounded as well as contused it may be the

seat of a lateral wound, or it may be completely cut across. The
danger of fatal haemorrhage is greater with the former. False

aneurysm may occur at the seat of a wound in an artery, although

shot wounds less frequently give rise to aneurysm than punctured

wounds. Arterio-venous aneurysm may likewise result. In cases of

wound of the large veins of the neck, the entrance of air into the

veins has occurred : the liability to this accident must be borne in

mind, when the surgeon has to extract a bullet in this neighbour-

hood. The diagnosis of a wound of a vessel is in some cases rendered

easy by noting the site, the absence of pulsation in the vessel below,

and the pulsatile character of the haemorrhage ; but if the wound be

small and the tissues greatly infiltrated, the diagnosis may be diffi-

cult. Wahl notes as an important sign of only partial wound of the

wall, namely, a buzzing noise at the seat of wound, synchronous

with the pulse : this is absent if the vessel be completely cut across.

Injuries of bones and joints.—The injuries received as the

result of the impact of a bullet on the bones are influenced chiefly

by the form of the missile, by the structure of the bone, and by
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the angle of impact. The conoidal bullet is responsible for a large

amount of Assuring caused by its wedge action : with reference to

this Assuring, Kirker has pointed out that the periosteal invest-

ment of the fragments is not much disturbed. With the round
bullet, on the contrary, there is little Assuring, but great comminu-
tion. With regard to the structure of the bone, the effects on the

long, short, and flat bones must be considered respectively.

The long bones may be (1) simply contused : here the velocity of

the bullet is slow ; the soft parts may be traversed, or simply bruised

without any open wound being present. If there be only a wound
of entrance, the bullet may lodge or fall out. The periosteum may
be torn or lacerated, with effused blood ; blood may be infiltrated

into the bony wall or medulla. Where there is no open wound the

diagnosis is difficult ; it rests chiefly on the continual presence of

great local boring pain, the swelling due to the periosteal effusion

and the immobility of the part. The sequelae may consist in local

necrosis, or in septic inflammatory processes, starting from the peri-

osteum or medullary cavities ; or in healing with thickening of the

bone and some temporary hindrance to free movement.

(2) Partial or complete fracture may be caused. The partial

fractures have been well described by Longmore : they comprise (a)

the " gutter " fracture, where the bone is furrowed. This occurs

chiefly near the ends of the long bones in the neighbourhood of the

spongy tissue. Should no sepsis occur, healing takes place after ex-

foliation of the crushed parts, leaving a depression, (b) A portion

of the bone may be detached, as a splinter. Crests of the bones and
projecting surfaces are chiefly affected. Their relation Jo the perios-

teum is important as regards prognosis. After experimenting with

the Martini-Henry bullet, Longmore found that a larger proportion

of fragments at the part struck retained their periosteal connections

when this bullet was used, than was the case with the Enfield bullet;

long fragments detached by Assuring were held in close apposition

by the periosteum. The importance of this connection is manifest.

Chauvel points out that at a close range the bone is splintered in all

directions, the splinters being quite free and deprived of all perios-

teum ; where the distance is greater and the velocity less, the

splintering is less and the fragments are held together by periosteum,

(c) The bone may be completely perforated, especially in the neigh-

bourhood of an epiphysis ; from the perforation, fissures may extend

in all directions. Fischer states the canal thus made may remain

permanently, (ct) The external table may be driven into the can-

cellated structure. Other injuries included amongst "partial

fractures " are where the bone is (e) simply perforated, the bullet

lodging or subsequently falling out. Such cases may cause great

difficulty in diagnosis, as in the well-known example in Garibaldi,

where the presence of the bullet was only ascertained by the porce-

lain probe of Nelaton. A small bullet may also, after penetration

into the medullary cavity, be subsequently displaced upwards or

downwards. The ball may, after oenetration, become encysted, as
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in a case occurring in the Afghan War, where the bullet remained
without symptoms in the upper maxilla ; or suppuration and necrosis

may occur, or an acute osteomyelitis may carry off the patient.

Lastly, the bone may be (/) fissured. Longmore here describes

"the indirect fissured fracture," where the fissure occurs at some
distance from the point struck, an interval of sound bone existing

between the seat of known fracture and this indirect fissure.

Complete fractures are either transverse or oblique, and accom-

panied or not by splinters. In the latter case the bullet has struck

the bone when spent, and may be found lying against the bone, or

may have fallen out. Fractures with splinters are much more
common. The main characteristics of these bullet fractures are

shown to lie in the greater comminution of bone, the more numerous
splinters, and the greater loss of bone substance.

With regard to the short bones, with which may be included the

spongy ends of the long bones, we find the cases divided into two
main classes, according as the neighbouring joint is opened or not.

Where the joint is not opened, the bone may be (1) simply contused,

the bullet striking it with feeble velocity. This is less likely to

happen with the modern bullet. Accompanying it is effusion of

blood either subperiosteal or into the cancellous tissue. Healing

occurs after absorption of this blood, or after a subsequent osteitis.

(2) Furrowed wounds may occur in all degrees, suppuration being

especially likely to complicate the case. (3) Penetrating wounds.
The round bullet, with its velocity expended, frequently caused this

form of injury, the bullet being partly or wholly embedded, numerous
fissures extending up to the articular cartilage.

The bone may be (4) perforated. This commonly occurs with

the conoidal bullet. The aperture of entrance is depressed and
surrounded by fissures, which also extend from the sides of the

channel ; the orifice may be embedded in splinters. (5) Lastly,

osseous eminences may be broken off, as in the case of the great

trochanter.

Lesions involving the opening of the joint are far more serious,

from the danger of subsequent purulent arthritis. The ends of the

bones entering into the formation of the joint may be shattered into

fragments, the synovial cavity filled with blood, or in a less severe

case fissures may extend into the joint from the point struck. If

strict antiseptic healing can be ensured, a useful joint may result.

Formerly the usual termination was in suppurative artlmtis, the joint

becoming disorganised, and death resulting from pyaemia. Between
these favourable and unfavourable terminations, healing occurs with

various degrees of ankylosis, or after long months associated with

exfoliation of bone.

In contrasting the effects of bullet injury on the diaphysis and
epiphysis, we find, as a rule, the nearer the latter the bone is struck

the less is the shattering effect.

Lastly, as regards th.Q flat bones. Here the more brittle the bone

the greater is the injuiy, whilst the greater the velocity and the
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smaller the calibre of the bullet the smaller and cleaner is the

wound. The injuries may be (1) simple contusions, with blood infil-

trated into the diploe or under the periosteum ; the blood may then
become absorbed, or where antisepsis is not attained, suppurative
periostitis and osteitis follow with exfoliation. In the cranium
abscess may form between the dura mater and bone. (2) With frac-

tures only one table, the external, may be affected, where the ball has
struck obliquely. Cases have been described where only the internal

table has been fractured. Other forms of lesion are fissures com-
plicating the fractures, separation of the sutures, furrowed wounds
of the bones, lodgment after penetration, and perforation. Lastly,

Bergmann has described cases of indirect fractures. At Plevna
he met with six cases of fracture of the bone, which were held to be
caused by the transmission of vibration from the part struck.

A word may be said with regard to gunshot injuries of the
clavicle. These are especially dangerous from their liability to

complicating lesions of the neighbouring large vessels, the subclavian

and carotid, of the vagus nerve and brachial plexus, of the pleura

and lung.

Among the complications of bone gunshot-injuries are to be
noticed fat embolism and thrombosis of the main veins. In the first,

the medullary fat is dislocated from its habitat and carried into the

vessels, and thence it may reach the brain, lungs, or liver. If the

emboli be large, death may ensue, with all the signs of apoplexy,

or of pulmonary embolism.

With regard to the sequelos resulting from inflammation of the

affected bone, all gradations are met with from simple localised

sequestra to acute infectious osteomyelitis. The latter is ushered in

by repeated rigors and high temperature. The soft parts covering

the affected bone are deeply swollen, and severe pain ensues. The
discharge becomes foul ; if the bone be visible the periosteum is seen

swollen and detached. Pyaemia and septicaemia quickly ensue. As
the affection is due either to a specific organism or to the decomposi-

tion of the wound discharges, this sequela should rarely occur at the

present day.

With regard to the joint injuries, mention has already been made
of some of them. Injuries of the joints may be either penetrating

or the reverse. In the latter, the contusion of the soft parts

overlying the joint causes a secondary synovitis, or a fracture in the

bone may run up to but not into the joint. Contour wounds
running l-ound the joint, but without opening it, have been described.

Perforations of the capsules of the knee and elbow joints, without

simultaneous injury of the bones of these joints, have been described

by Fischer, Langenbeck, and Bergmann. The diagnosis of a wound
of the joint is tolerably easy with such joints as the elbow, but may
be extremely difficult in the hip. A probe should never be used.

Escape of synovia where present will, of course, indicate the lesion,

but such escape is rare. The chief indications of the injury lie in

the line of direction apparently taken by the missile, as shown by
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the apertures of entrance and exit, the presence of crepitus, and
the abolition of the functions of the joint.

Effects Of the magazine bullet.—Since the last great war in

Europe all the important Powers have been re-armed with a new
rifle, in which missiles of a greatly-reduced calibre are fired far more
rapidly than formerly. The effects of this new bullet have been

gathered partly from experiment and partly from experience in

actual fighting. The results from
experiment contributed by Marsh,
Habart, Brun, Delorme, and
others show the following. The
new bullet is characterised by its

smallness, hardness, lightness,

pointedness, high velocity, and ex-

ternal cuirass (Fig.44). As regards

weight, one Martini-Henryweighs
46 grains more than two Lee-

Metford bullets, and therefore

the latter possess less stopping-

power. As the human frame is

not a solid resisting body, this

decreased weight is not compen-
sated for by the increased velo-

city. On penetrating the body
the track is so narrow that practi-

cally no destruction of tissue

remains in its wake, the path
being cleaner and less lacerated.

Such a bullet may pass between
two contiguous bones without
touching either. The number of

wounded will be increased, as one
missile can pass through a second

or a third man, owing to its hard
external cuirass. All splintering

of the missile is abolished, such

as formerly took place with the Snider, and to a less extent with the

Martini-Henry. Thus, so long as the bullet meets with no bone in

its course, the wounds are comparatively simple. Should a hard

compact bone be struck, the latter will be shattered, whilst cancellous

tissue will be simply perforated without much further injury. There

will be more deaths from haemorrhage, the vessels being more cleanly

cut. From the lower trajectory of the missile, wounds of the skull

may be more frequent. Finally, bullets will not ordinarily lodge, and

thus a source of anxiety will be removed from the surgeon. The
number of recoveries will be greater, the wounds being more cleanly

cut and less septic.

At distances between 400 and 1,200 metres the injuries to the bones

and soft pai-ts have been found less severe than with the old leaden

Fig. 45. -Injury caused by tlie Lee-Metford
Bullet.

A, Head of astragalus : B, tibial surface of astrar
galus ; c, fragments of astragalus. ^British
Med. Journal, June, 1894.)
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bullet, but after 1,200 metres fractures become more comminuted.
In the epiphyses and short bones less extensively-fissured tracks

are caused, and the bone fragments are less displaced. Splinters are

smaller, and the joint lesions less comminuted. Simple perforations

also are more numerous. On the flat bones of the cranium simple

grooving of the bone is more frequent, and the edges of the fracture

are cleaner. The cutaneous and muscular wounds and arterial perfora-

tions are narrower and cleaner cut. With regard to the relation

between the bone and periosteum, it has been found that at a long

range injuries of the compact bone were more extensive, compared
with those at a shorter distance, but the splinters remain attached

to the periosteum ; whereas at the shorter range the periosteal

attachment was destroyed, and the fragment displaced. Lastly,

foreign bodies— as pieces of clothing— have been found more
frequently to lodge than with the older bullets.

As to actual experience on human bodies we can learn from the

results found in the Chilian War, the Bombay riots of 1893, and
from certain accidental cases. In the Chilian War wounds healing

without suppuration (in the majority of cases within eight to ten

days) were produced. Where, however, the diaphysis of a bone was
struck much splintering was caused, and the healing process was
slower. In only one case did the missile cause a simple hole through

the diaphysis. In one case explosive effects were observed. As a

rule, there was no lodgment of the ball. The number of dead on the

field was four times greater than that of the wounded, pointing to

the large number of clean-cut wounds of vessels. Up to a distance

of 400 yards the bones were shattered without exception (Fig. 45).

At greater distances there were clean perforations and oblique frac-

tures, whilst the fractures of the long bones were of larger size than
usual. Again, in a case in the Bombay riots, the bones of the leg

were found shattered from knee to ankle, necessitating amputation.

Complications Of gunshot WOUnds.—These, such as gan-

grene, pyaemia, septicaemia, erysipelas, and tetanus, are elsewhere

described.

Course Of gunshot WOUnds.—Following impact by the old

round bullet, and to a less extent by the Martini and Snider, the

usual course of contused and lacerated wounds shows itself, but
not invariably. Thus I have seen a subcutaneous wound of about
eight inches long caused by a Snider bullet heal without a drop of

pus. Wounds inflicted by the magazine bullet are more of the

nature of subcutaneous lesions, and therefore more favourable to

healing.

Treatment.—Pain and shock will first demand treatment (in

the absence of more pressing symptoms such as haemorrhage). For
the pain a subcutaneous injection of morphia should be given. The
shock should be combated by the recumbent position and hot bottles

to the lower extremities, etc. If the patient can swallow, he should be
given beef-tea, wine, or coffee ; or, in severe cases, a hypodermic injec-

tion of ten minims of ether over the heart. In the local variety of shock
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rubbing of the limbs is of service. No operation should be under-taken,

unless cfuite unavoidable, till the symptoms of shock have passed

away. If, however, operation be inevitable, most surgeons advise

that narcosis be avoided.

Tne treatment ©i the wound next claims our attention.

As to the immediate duty of surgeons on the battle-field, everything

that can ensure an aseptic course to the wound must be adopted. ISTuss-

baum has laid down that the fate of the wounded man lies in the hands
of the surgeon who first attends him. Wounds accordingly should

never be examined at the front either with fingers or instruments,

except in the case of wounds of the blood-vessels, or "in cases

where the projectile has passed through one of the large cavities of

the body, and, without wounding its contents, has remained in the

wall of the cavity, then the removal of the ball is at once advisable,

for fear that, if left, it might fall back into the cavity implicated.

For surgeons at the front there is only one line of treatment—to

occlude the wound provisionally, to lay the wounded part in a suit-

able position on the litter, and to render it practically immovable "

(Reyher). Various forms of first field-dressing are therefore supplied

to the men going into action. That used in the army in India

consists of two pads of carbolised tow, enclosed in carbolised gauze
with a few accessories. Sir Joseph Lister recommends dusting the

wound with iodoform. The first field-dressing being applied, and the

limb immobilised, the wounded man is then brought to the field

hospital, where a thorough examination can be made. For an anti-

septic solution wherewith to wash the wound Lister recommends one
of corrosive sublimate. This substance being soluble in one-and-a-half

times its weight of glycerine, one-fluid drachm of this solution will

prepare a watery solution of corrosive sublimate (1 to 1,000) if added
to four pints of water. Or a like solution may be made by adding

ten grains of corrosive sublimate and fifty grains of tartaric acid to

one pint of water.

The first point to be determined now is the lodgment or otherwise

of the bullet. Where there are wounds of aperture or exit, this is, of

course, readily settled. Should only one wound be present, the bullet

need not necessarily have lodged, for it may have rebounded after

striking, as in skull wounds, or have been drawn out of the wound
by the portion of clothing it had propelled before it. To determine

the route the patient should, if possible, be placed in the position he
was in when wounded. There is, however, a certain amount of dis-

advantage attending this, for the bullet may become displaced by the

necessary movement. In judging of the route it must be remem-
bered that fascise, tendons, and bones can divert the missile. With
regard to multiple wounds, instances are on record where one bullet

has passed through both thighs, or where one projectile has divided

on striking a bone.

In certain cases immediate digital examination is superfluous, as

in the simple " seton " wound of the soft parts, the lesion of an epi-

physis without fracture, or where the small bones of the hands oi
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feet are injured. Here the wounds should be washed with an
antiseptic solution. If no clothing can be seen to have been carried

in, the parts should then be dusted with iodoform, and subsequently

enveloped with any of the various wool-dressings in vogue

—

e.g.

with salicylated cotton-wool or Tillmann's dressing—and finally, in

the case of an extremity, be immobilised. But where we find com-
minuted fracture, free splinters, great damage to a joint, haemorrhage

from some large vessel, or wound of an abdominal viscus, digital

exploration is demanded. The aperture of entrance is enlarged, if

necessary, and the finger, previously disinfected, is slowly pushed
into the deepest recesses of the wound. Its route is thus determined,

the amount of injury estimated, and the presence of any pieces of

cloth ascertained. Should the wound be too long for the finger, a

vertebrated probe may be used, care being taken not to injure the

vessels. To obviate the difficulty sometimes experienced in ascer-

taining the presence of the bullet, Nelaton's porcelain probe or

Lecomte's stylet-pince can be employed. Longmore has suggested a

simple method by means of the magnet of an ordinary pocket-compass,

which, having some turns of copper wire covered with thread wound
round it as an induction coil, forms the electric indicator. A
copper coin, covered with flannel steeped in acid, is placed in a piece

of zinc sheeting. One insulated wire with its exploring needle is

attached to the copper coin, the other, with the compass held in its

course, to the zinc sheeting. When the circuit is completed by
contact with the bullet, the deflection of the magnet indicates its

presence. Lastly, Deneux recommends chemical exploration. He
fixes on the end of a flexible probe some charpie impregnated with

dilute acid, which is then pressed against the suspected body. Iodide

of potassium then applied to the charpie gives a yellow colour should

lead be present, and ammonia a blue colour in the case of lead or

bronze. Of all the above proceedings exploration by the finger

gives the best results. Pieces of clothing can be distinguished, as

well as the fixation or mobility of the bullet. In cases where we
can obtain no positive evidence we have then only the local signs to

trust to. The bullet being discovered, it must then be removed by
forceps, such as Coxeter's, Luers', or Steavenson's.

The treatment of fiisginoirtiage.—The surgeon hitherto has

had to treat more often secondary hemorrhage, but in future wars

primary haemorrhage .will be more frequently met with, as the modern
bullet causes less contusion of the vessels, and a cleaner cut, whilst

under antiseptic treatment secondary haemorrhage will be less fre-

quent, inasmuch as its chief cause was due to septic changes in the

wound. The haemorrhage may be arterial, venous, or parenchymatous.

(1) Arterial.—Primary or secondary. For provisional treatment

on the actual field, a tourniquet may be improvised by a bayonet

and bandage. The ordinary field tourniquet is apt to slip during

the transit of the patient to the field hospital. Failing a tourniquet

the limb may be bent on itself, or Esmarch's bandage may be used.

A partial wound of the vessel is more dangerous than one in which
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it is completely cut across. Arrived at the dressing station, the

artery should be ligatured above and below the site of wound ; the

peripheral end must be found, notwithstanding the difficulty often

experienced in so doing. Esmarch strongly recommends that the

vessel should be tied above and below at the seat of the lesion,

under rigid antisepsis. To effect this, the large size of the necessary

incision need not now be a counter-indication. The surgeon should

turn out the clots, and then tie the vessel. He should also isolate

and separately ligature any branches given off from the impaired

part of the trunk.

Secondary haemorrhage is due either to septic processes breaking

down the thrombus in the vessel, or to its puncture by splinters.

In the latter case the surgeon should remove the splinters, and
tie the vessel above and below the lesion. But when due to septic

processes, it is necessary either to ligature at a distance or to

amputate. Mosetig-Moorhof, however, relates a case of secondary

haemorrhage in the clavicular region, which was treated successfully

by an iodoform gauze tampon, and other cases similarly treated,

affecting the vertebral and posterior tibial arteries.

(2) Venous.—If a small vein be wounded, use an antiseptic

compress. If a large, tie above and below. Kiister recommends
compression of the vein by small clamps for twelve to twenty-four

hours. Where secondary haemorrhage occurs from a large vein,

the prognosis is bad.

(3) Parenchymatous.—When primary, raise the limb; apply ice;

employ local pressure with an antiseptic tampon, or use styptics,

the best of which is iodoform. Neudoifer recommends a tampon
impregnated with a 5 per cent, solution of peroxide of hydrogen.

When secondary, the thermo-cautery or zinc chloride may be used.

In cases of general sepsis, amputation has often been rendered

necessary.

Lastly, how should those cases be treated where the haemorrhage

is suspended when the case comes before the surgeon 1 Fischer,

Legouest, and Delorme advise that the vessel be sought for and tied

;

whereas Guthrie and Dupuytren and others hold that the parts be
immobilised, a compress applied, and that the surgeon wait for

events. The best practice would appear to be to cut down and
tie above and below if the wounded artery be important and easily

accessible, otherwise to follow out the second alternative.

The sequelae following ligature of the principal vessels are

(especially where the tissues are much infiltrated with blood) gan-

grene of the extremities, and extensive oedema of the distal parts.

The treatment of fracture.—The course of gunshot injuries

of bone is chiefly influenced by the accompanying condition of the

soft parts, the state of the splinters, and especially by the treatment

first employed. Where the continuity of the bone is entire, as in
" gutter " fractures, contusions, simple penetration, and fissured

fractures, the surgeon should freely bathe the parts with an antiseptic

lotion, and then immobilise them under an antiseptic dressing in
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plaster of Paris. As regards splinters— where they are not
numerous, and are not associated with much deformity, and are

retaining their connection with the periosteum—the surgeon should

not attempt to extract them, but after replacing them carefully,

should antiseptically occlude the parts and immobilise the limb ; the

splinters will then consolidate with the rest of the bone. Should
they lie free and detached from the periosteum, they may be re-

moved. Where there is much loss of substance in the bone, and
great deformity and mobility of the parts, the wounds should be

enlarged with the usual precautions, the completely free splinters

removed, and then if conservatism seem possible, the wound should

be disinfected and drained, and the part immobilised. But where
the bone is completely shattered, amputation is the only resource.

As regards the treatment of gunshot fractures of the femur,

James, of the United States Army, points out that where the

knee-joint is not involved, the rule formerly laid down to am-
putate in fractures of the middle and lower thirds of the bone
should be disregarded, provided the patient can be treated near the

battlefield. He holds that if the knee joint be implicated, and
generally if the femur be comminuted more than six inches, it is

best to amputate primarily if possible ; but an intermediate ampu-
tation is better than the risk of waiting for the secondary period.

If conservatism be decided upon, let the surgeon remove all foreign

bodies and loose or slightly-attached fragments of bone only, and all

necrosed portions as soon as they are loosened from the periosteum.

A simple retention apparatus with moderate extension by weight and
pulley should then be provided, and the wound kept carefully

antiseptic.

The treatment of wounds of joints on the Held.—The
joint should be syringed out with an antiseptic lotion, absorbent wool
should then be applied, and the limb immobilised. At the hospital, if

conservatism be decided on, counter-openings should be made, and the

joint drained, and after trap-doors have been left, immobilised. For-

merly a wound of a large joint necessitated amputation. This is

not so now, although all joint-wounds are severe, and liable, espe-

cially where antisepsis cannot be carried out, to induce pyaemia. The
surgeon should incise the joint and remove all foreign bodies, and
endeavour to arrest any inflammation. If this be not possible, then

excision or amputation is the only course. As regards the individual

joints, in the case of the shoulder (unless the injuries be very slight),

excision has so far given the best results. For the elbow, conser-

vatism has given better results than excision or amputation. The
same may be said of the wrist. In the hip both amputation and
excision have been attended with very fatal results. In the knee

and ankle conservatism should always be employed, if possible.

Rules for amputation.—These cannot be emphatically laid

down at the present time. Many gunshot wounds of the large

joints are now treated successfully with conservatism which would
formerly have been submitted, without a doubt, to amputation.
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But where the injury necessitates removal of the limb, primary
amputation is certainly to be preferred to an intermediate or second-

ary operation. The following lesions entail primary amputation :

—

1. Nearly complete avulsion of a limb.

2. All conditions of injury by which the further vitality of the

limb is annulled.

3. Injury to the chief nerves and vessels, with comminution of

the bone.

4. Great and irreparable destruction of the soft parts.

Secondary amputation will be indicated :

—

1. Where suppuration, with extensive inflammation of the bone
and soft parts, is wearing out the patient.

2. Where gangrene has supervened.

3. Where late haemorrhage has come on, which cannot otherwise

be stopped.

4. Where septicsemic affections or acute osteomyelitis are super-

vening.

5. It is recommended also by some on the onset of tetanus.

The discussion of wounds of the skull, spine, thorax, and abdo-

men will be found in the respective Articles on the surgery of these

parts.

Injuries by massive projectiles.—These produce immense
laceration of the parts struck, the wound being very irregular and
much lacerated. Large portions, or even an entire member, of the

body, may be torn away. The treatment to be carried out cannot

be laid down in definite rules. Such treatment as is possible will

depend on the individual case.

II. BAYONET AND SWORD WOUNDS.

Sword wounds are incised, and may be of any extent. As a rule,

if, however extensive, they do not wound a fatal part, they do well.

Where penetrating, as in the abdomen and chest, the usual rules

of treatment are to be followed.

Bayonet wounds differ in their nature according to the form of

weapon. The bayonet of the Martini-Henry, 17 inches long, inflicts

a much more severe lesion than that of the Lee-Metford rifle. The
Martini-Henry bayonet is of a triangular shape, and thus a punctured

wound with three lines radiating from a centre is caused. The Lee-

Metford has a "sword-bayonet" 12 inches long, hence the sides of

the incised wound are parallel, and the lesion is more disposed to

heal favourably. Bayonet wounds are very liable to be followed by
septic inflammation, and the formation of deep-seated matter. The
deep-seated vessels and nerves are also prone to be injured. The
wound must be well washed out with an antiseptic lotion, be drained

and then dressed with absorbent cotton-wool, and immobilised.

Should inflammation arise, counter-openings for the discharge of pus

must be made, and the freest drainage ensured.
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III. ARBOW WOUNDS.

In several of the British expeditions on the Eastern frontier of

India soldiers have incurred arrow wounds, such as was the case in

the expedition against the Akas and Abors. Hamilton points out
the liability of these injuries to suppuration, profuse haemorrhage

and tetanus. In many cases the arrows have been furnished with
poisoned tips. The chief object in the treatment of arrow wounds is

the removal of the missile without breaking off its head. Where it

has penetrated beneath the skin, all that should be done on the field

is to cut off the projecting part of the shaft and apply the first field-

dressing. At the hospital the subsequent extraction of the shaft and
head must be carried out, with every care taken not to separate the

head from the shaft in so doing.

If the point of the arrow can be felt on the opposite side of the

limb into which it has penetrated, the projection should be cut down
upon, and the missile extracted on this aspect. Should the head and
shaft be found separated, the latter can be withdrawn on one side

and the former on the other.

Should the arrow have penetrated a bone, Hamilton recommends
it " to be rocked to and fro in a direction at right angles with the

plane of the groove which is made on the outer or feathered end of

the shaft." But this rocking is very likely to cause a separation of

the head from the shaft. It would appear to be far preferable to

guide a probe-pointed bistoury along the shaft to the point at which
the arrow has lodged in the bone, and then to freely incise the

track, and attempt to withdraw the head with forceps. If this be im-

possible, a wire should next be passed around the head of the arrow,

and twisted round both the shaft and the forceps, and all three re-

moved together. The arrow being removed, the track must be well

syringed out and drained, and if a limb have been the point struck,

it should be immobilised.
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Definition.—Burns are the effects of dry heat ; scalds are

caused by hot liquids, or by steam. The pathological and clinical

results are, in any case, so much alike that it is unnecessary to

consider them apart.

Mortality.—Excessive heat produces the most extensive and
serious injuries, and causes a large proportion of the deaths in our

great hospitals.

In ten years, from 1884 to 1893 inclusive, six hundred and
ninety-six cases of burns and scalds were admitted into St.

Bartholomew's Hospital. Of these one hundred and thirty-eight

died. Burns are more fatal than scalds. Of four hundred and
thirty-four who were burnt, one hundred and fourteen died (26 -26

per cent.) ; and out of two hundred and sixty-two who were scalded,

twenty-four died (9 "16 per cent.).

During infancy both burns and scalds are exceedingly fatal. Of
the hundred and fourteen who succumbed to burns, no less than
sixty were under the age of five years. Of the twenty-four who
died of scalds, no less than nineteen were under five years of age.

Within the period which has been taken, no one over sixty years

of age died of scalds, although thirteen died of burns. Infants

burn and scald themselves by playing with fire, or by upsetting or

drinking from boiling kettles ; adults are, perhaps, more often

injured by the upsetting of lamps, or the explosion of kitchen

boilers.

Classification.—Dupuytren's classification of burns and scalds

into degrees, according to their depth, is convenient, and is usually

adopted.

In the first degree the surface is scorched, with subsequent

superficial redness and hyperemia. This erythema is followed by
desquamation. No trace of the injury remains beyond a slight

discoloration.

In the second degree the epidermis is raised from the derma into

vesicles or bullae. The true skin inflames, but is otherwise uninjured,
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and no mark or scar results, except, perhaps, slight pigmentation
(ephelis ignealis), unless from neglect or inappropriate treatment
the denuded skin becomes more inflamed and ulcerates.

In the third degree part of the thickness of the true skin is

destroyed by the heat. When this separates, a surface of true skin

is left to heal by granulation. This, of course, leaves a permanent
white scar, but without contraction or deformity, because the whole
thickness of the skin has not been destroyed.

In the fourth degree the whole thickness of the skin is burnt,

and the subcutaneous fat and connective tissue may share in the

destruction. In the process of repair there is much scarring, with
contraction and deformity. This is partially due to the actual loss

of tissue, and partially, as Mr. T. Holmes remarks, to the formation

of inelastic contractile scar in place of the elastic cellular tissue.

In the fifth degree the burn penetrates through the skin, sub-

cutaneous tissue and deep fascia, and reaches the muscles.

In the sixth degree everything is charred to the bone.

Effects On the tissues.— Extreme heat affects the tissues in

two ways. By its direct action it coagulates their albumen,
dissipates their moisture, or consumes them entirely. By its indirect

action it excites in them acute inflammation, which leads to

desquamation, vesication, ulceration, sloughing, or gangrene. As a
rule, both the direct and indirect actions of heat are seen in severe

burns and scalds.

When the direct action of heat is sufficient to kill the tissues

outright, the epidermis becomes white and opaque, and large areas

of it separate from the true skin. The true skin becomes seared,

yellow, parchment-like, and shrivelled ; the deep tissues become
brown, black, and charred, and their blood coagulated.

The acute inflammation which is caused by excessive heat leads,

in the first degree, to desquamation of the superficial layers of the

epidermis. When it is deeper, as in the second degree, the inflam-

matory effusion collects as a yellow fluid betwixt the epidermis and
the dermis. When the inflammation is very acute, and when it

attacks the dermis and deeper tissues, ulceration, sloughing, and
gangrene are the results.

The causation of these changes by acute inflammation has been
explained elsewhere (page 59). They occur when the inflammatory

processes have passed through the phases of acceleration and retarda-

tion of the circulation and have ended in stasis of the blood-stream.

Thus, when the capillary circulation is stopped, ulceration ensues,

owing to the death of the minute portions or molecules of tissue

supplied by them. When the stasis is in the lai'ger trunks and
arterioles, sloughing occurs, because larger portions are deprived of

nutriment and oxygen ; and stasis in the larger arteries or veins

causes large pieces of the body, or whole limbs, to become gangrenous.

Thus the local changes which follow burns and scalds depend
partially upon their degree. The desquamation and occasional dis-

coloration which follow the first degree hardly call for comment.
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The vesicles and bullae of the second degree usually break and dry
up after their contents have become turbid. In the third, fourth,

fifth, and sixth degrees suppuration and granulation follow, should

the victim survive. In the third degree the suppurating surface is

speedily covered with new epithelium by proliferation of that which
remains undestroyed between the papilla?. In the fourth degree, the

parts killed by the heat, or by the subsequent acute inflammation,

are separated by suppuration and granulation.

The granulation tissue fills and repairs the gap left by the separa-

tion of dead tissues. Inasmuch as the whole depth of the skin is

destroyed in the fourth, fifth, and sixth degrees, the epithelium

which grows over the new material has to extend from that which
surrounds the edge of the wound, usually

a slow and uncertain process.

The destruction of tissue caused by burns
and scalds is likewise complicated by con-

traction and cicatrisation of the reparative

material, causing the most distressing de-

formity. Joints become immovably flexed,

the chin drawn against the sternum, the

eyelids dragged from the eye (ectropium),

and the nose, mouth, or ear distorted. (Figs

41 and 46.)

Cheloid is prone to develop in the scar?

of burns (page 231).

Effects on the body generally.—
The general effects of burns and scalds are

grave and often fatal. This we should expect

when we recall that the skin is not only an
organ abundantly supplied with nerves and
blood-vessels, but is also a most important
excretory and respiratory apparatus. When

excessive heat is applied to any extent of the body, it is followed by

(1) shock and collapse, (2) reaction and inflammation, and (3) by
various local and general diseases due to bacterial invasions.

(1) Shock and collapse cause about half the deaths which
result from burns and scalds (A. E. Durham). The amount of shock

depends upon the age and sex of the patient, the situation of the burn
or scald, its extent and degree. In infants and little children the effects

of shock and collapse are usually excessive. The face and surface of

the body, especially the extremities, are pale and cold, and covered with

a clammy sweat ; the lips are white and tremulous ; the pupils are

dilated ; the pulse is rapid and almost imperceptible ; the respirations

are quick and shallow, and the contents of the stomach, bladder, and

rectum are evacuated spontaneously. Children often have convul-

sions ; adults, shiverings and rigors. The temperature of the body is

lowered ; there is extreme mental depression and apprehension

;

delirium is not rare ; the tongue and mouth are dry, with distressing

thirst ; and restlessness, coma, and stupor are usual towards the end.

Fig. 46. — Contraction
Wrist after Burn of the
Fourth Degree.
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Pain is more excessive in the slighter than in the graver degrees ; its

absence is a sign of serious import. Travers, in his classical work,

gives many examples illustrating these fatal complications of burns

and scalds. Their effects are more to be apprehended in infants,

delicate females, and in burns and scalds of the chest and abdomen.
The extent of the injury, or, in other words, the number of peripheral

nerve-endings involved, is usually more important than the depth of

the burn or scald. I have seen a fireman die collapsed a few hours

after a burn of the first and second degree, involving the face and
trunk. Mr. Durham says that recovery rarely occurs when more
than half the surface of the body is burnt or scalded, and Von
Nussbaum says it is rare after. a third. Travers thinks the constitu-

tional effects are less when the cuticle is charred, or killed, or raised

in blisters, than when it is detached and ravelled in rolls like wet
paper.

After death from shock or collapse no distinctive appearances

are seen. The membranes of the brain, and the abdominal and
thoracic viscera are engorged with blood, and, therefore, this has

sometimes been called the stage of " congestion," the other stages

being those of reaction and inflammation, and of suppuration and
exhaustion.

In some instances death results soon after the burn or scald from
cardiac thrombosis. This is said to be associated with disintegration

of the blood-corpuscles. It is betokened clinically by dyspnoea,

precordial pain, and great irregularity and tumult of the heart's

action.

(2) Shock and collapse are followed by reaction, and reaction by
inflammation and the various complications due to sepsis. The
inflammation that follows the application of heat cannot be pre-

vented, but its amount may be controlled by skilful treatment.

(3) Suppuration and sepsis are due to the multiplication and
action of the bacteria which always inhabit the skin, especially that of

uncleanly people. They are also caused by the introduction of

bacteria from without. The prevention of suppuration after burns
is in a very backward state. Suppuration is apt to be looked upon
as inevitable, and its treatment often left to inexperienced persons.

The number of deaths from sepsis after burns and scalds is a

reproach to surgery. In addition to suppuration, the local infection

may cause ulceration, sloughing, gangrene, lymphangitis, abscess,

erysipelas, and cellulitis. When the bacteria enter the circulation

they cause septicemia and pyaemia. After deaths from burns and
scalds pneumonia, pleuritis, pericarditis, and nephritis are commonly
met with. (See page 257.) From histological examinations recently

made I have come to the conclusion that these are due to bacterial

invasion. In infants streptococci are particularly virulent, and are

the unsuspected cause of many deaths.

Complications.—Tetanus is an occasional complication of burns.

It may occur at any time before the wound is healed. The experi-

ments of Yassale and Sacchi show that the juices of burnt tissues are
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highly toxic. It is probable that they contain a poisonous substance
analogous to muscarin. This suggests the advisability of removing
burnt parts as soon as possible.

In addition to the complications which have been mentioned, it

occasionally happens that as the sloughs separate, haemorrhage occurs

from the larger arteries or veins.

Occasionally burns are deep enough to penetrate the capsules

of joints. This is followed by suppurative arthritis, which may
also be excited by the extension of septic processes, either directly

from the wound, or through the circulation, as in pyaemia. The
great serous cavities of the chest and abdomen may suffer in the

same manner.
Should shock and acute sepsis be survived, a peiiod of suppura-

tion and exhaustion usually precedes recovery. This is often

called the third period, and may be said to begin after the sloughs

have separated, and about a fortnight after the injury. During this

period the symptoms are those of hectic fever, and should the

suppuration be very prolonged, it ends in amyloid disease of the

various organs, especially of the kidneys, liver, and spleen. Also
during this stage the wound contracts and cicatrises, and may
produce extreme deformity.

Sometimes cheloid grows as cicatrisation is completed. Burns
which are too extensive to heal leave chronic ulcers. I have occa-

sionally seen these become epitheliomatous.

Visceral changes.—In a small proportion of cases of burns

or scalds small haemorrhages, acute inflammations, or ulcerations are

found in the intestinal tract. In ten years, from 1884 to 1893 in-

clusive, 138 patients died of burns and scalds in St. Bartholomew's
Hospital. During that period I can find but three post-mortem
records of pathological changes in the alimentary tract, although

Erichsen says that ulcers of the duodenum were found six times out

of 22 cases which he examined. In one case—that of a man aged
twenty-six years, who was burnt upon the face and arms—there

were small submucous haemorrhages the size of a pin's head at the

pyloric end of the stomach, in the duodenum, and in the caecum. In
the case of a child small punctiform haemorrhages were found in the

duodenum. The specimen from the third case is in St. Bartholo-

mew's Hospital Museum.* It demonstrates acute inflammation and
ulceration of the mucous membrane of the duodenum after an
extensive scald of the chest. The patient was a child a year old, who
lived twenty days after the injury. The ulcers are usually found in

the duodenum, and not far from the opening of the bile duct. They
may perforate the bowel, and after that event become occluded with

inflammatory lymph.f Cases have been recorded in which they

have ulcerated into the duodenal vessels and caused fatal haemorrhage.

They may be multiple. Nothing is accurately known about the

pathology of these ecchymoses, inflammations, or ulcerations of the

* Series XVIII. No. 1969a.

t See Series XVIII. No. 1969. St. Bartholomew's Hospital Museum.
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alimentary tract. The interest v: hich surrounds them has led authors

to give them undue prominence. Their existence is, as a rule,

unsuspected during life. It is quite fanciful to imagine that they

are due to any increased action of Brunner's glands, rendered

necessary by the destruction of sweat glands. Pain in the region of

the duodenum, increased by pressure, with vomiting of blood, or

diarrhoea with blood in the motions, would render their existence

probable. They have caused death by haemorrhage or by perforative

peritonitis. They are said to occur about the tenth day.

During the course of burns and scalds albuminuria, or even

hematuria, may occur. They are both due to acute nephritis.

After prolonged suppuration, albuminuria may be caused by amyloid
infiltration of the kidney.

Pneumonia and pleuritis are also frequent complications of burns
and scalds. Their presence is often unsuspected, as the patient is

too ill for a physical examination. Pain, cough, rusty sputum, and
increased frequency of respiration would cause them to be suspected.

Engorgement of the vessels of the meninges of the brain and
spinal cord, and sometimes meningitis, have been noted after deaths

from burns and scalds.

Treatment.—The immediate treatment of burns and scalds is

directed to the pretention of death from shock and collapse, and to

the alleviation of pain. Brandy may be given by the mouth, but is

often more efficacious if given as an enema. Two or three ounces of

brandy should be administered, with the addition of a suitable dose

of opium. If necessary, the rectum should be washed out before

introducing the brandy enema. If the heart's failure be extreme,

ether and liquor strychnine may be injected deep into the sub-

cutaneous tissue, or into the substance of the gluteus maximus. The
excruciating pain should be relieved with a hypodermic injection of

morphia
The dressing of a burn or scald may be a painful process, and

therefore it is well to be prepared to give an anaesthetic. The
garments should be gently and carefully removed, so as not to denude
the injured surface.

The local treatment of burns or scalds depends upon their degree.

In the first degree there is no breach of continuity, and sepsis is not

to be apprehended. Dusting the surface with any soft, simple

powder relieves the pain. If the area be small and shock absent,

cool applications, such as cold water, lead lotion, cold starch, and
so forth, may be prescribed.

In burns of the second degree the separated epidermis and ths

fluid in the bullae protect the denuded papillae until their highly

sensitive surface is again covered with epithelium. It is therefore

best to leave the bullae alone until this has taken place. Should
it be expedient to let the serum out, care should be taken not to

injure or remove the epidermis.

In burns of the third degree the dangers of subsequent sepsis

and suppuration have to be provided for. The whole area should
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be thoroughly washed and soaked with a strong disinfectant, such
as carbolic lotion (1 in 20) or sublimate solution (1 in 1000), and
thoroughly covered with an antiseptic dressing. Carbolic gauze (5

per cent.) may be used, or the whole area wrapped in sheets of

salicylic wool (10 per cent.). Iodoform gauze, or iodoform wool, is

also a suitable application. There is, however, a danger of iodoform
poisoning. For similar reasons it is inadvisable to apply carbolic

gauze or sublimate gauze or wool to large areas, although they are

exceedingly good in ordinary cases. It is difficult to find an anti-

septic application which fulfils the requirements—namely, to relieve

pain, prevent sepsis, and exclude air. Most of those at our command
achieve only one of these desiderata, others are irritant or poison-

ous. Vegetable applications, such as flour and starch, are objection-

able, because they are apt to decompose ; oxide of zinc, bismuth, or

prepared chalk are to be preferred. A number of oleaginous pre-

parations have been recommended. One of the most popular and
anodyne applications is a mixture of linseed oil and lime water in

equal parts. This is called Carron oil, because of its use at the

Carron iron-works. Wertheimer recommends that thymol be added
to increase its antiseptic action. Carbolic oil is an inefficient anti-

septic and often causes carboluria. It should be used with great

caution. Antiseptics mixed with oil or fat become inert. Iodoform
with vaseline forms a good ointment (5J to §j)-

The effects of sepsis are to be watched for as soon as reaction is

established. They are usually severe about the time when the

sloughs begin to separate. Immersion in warm baths is a particu-

larly valuable expedient for preventing sepsis. Von Nussbaum says

that it has done much to lessen the mortality of burns in Germany.
Even children will bear immersion in hot water (100° F.) for

many consecutive days and nights. The hot water excludes air,

prevents sepsis, and promotes the separation of sloughs. When
limbs are injured its application is easy.

After the separation of the sloughs, the cicatrisation and distor-

tion have to be guarded against. This may be done by means of

splints and weights. One of the most efficacious means of prevent-

ing it, and of at the same time promoting the healing of the injury,

is to cover as much as possible of the surface by Thiersch's skin

grafting, by transplantation of flaps or strips of skin, or by planned

incisions. The other complications are to be dealt with as they arise.

Severe burns of the extremities may necessitate amputation.

Scalds of ttie pharynx.—Infants and children not infre-

quently scald the fauces and pharynx by drinking from the spouts

of boiling kettles. This is commonly followed by spasm of the

glottis and by oedema of the upper aperture of the larynx, of

the epiglottis and glottis. The swollen aryteno-epiglottidean folds

and the swollen epiglottis can be felt with the finger after a gag

has been introduced. The slighter degrees of cedema may be re-

lieved by scarification leeches to the throat, steam inhalations, small

doses of tincture of aconite, or of wine of antimony. But if the
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entrance of air be dangerously impeded by tbe oedema, or by the

attack of spasm, laryngo-tracheotomy, or the high operation of

tracheotomy, should be done. This is a dangerous expedient, and
the fatal result may be erroneously attributed to the operation by
the relatives. As death from spasm of the glottis is imminent in

burns or scalds of the larynx or pharynx, and as the air-passages

may require opening, the surgeon should on no account leave the

case unprovided with skilled assistance. The acute inflammation

that follows the injuries often ends in tracheitis and broncho-

pneumonia.

J 5s



XIII. THE INFLUENCE OF CONSTITUTIONAL

CONDITIONS UPON INJUEIES.

By FREDERICK TREVES, F.R.C.S.,

Surgeon to, and Lecturer on Surgery at, the London Hospital.

It is needless to state that the age, the state of health and the

general condition of a patient, affect in varying degree the prognosis

after injury and the result after surgical operation.

In the case of urgent operations, performed for the immediate
purpose of saving life—as in the relief of strangulated hernia—few-

considerations weigh with the surgeon save the one great need. But
in slighter operations it is of infinite importance that every possible

consideration be given to all circumstances that may affect the

patient's well-being.

Every surgeon must have met with instances where he has

regretted the neglect of this fundamental precaution. I once

snipped off with the scissors a small fibrous epulis growing from the

gum of a little boy. It was discovered afterwards—what should have

been known before—that the patient was the subject of haemophilia.

The small wound became the seat of almost uncontrollable haemorr-

hage, and it was not until a fortnight had elapsed that the patient

could be said to be out of danger. In another case—at the patient's

earnest request—a small sebaceous cyst was removed from the scalp

of a man of fifty. The wound soon broke down, suppurated freely,

and became the starting-point of a low form of erysipelas of which
the patient nearly died. It was discovered after the operation that

the man was suffering from diabetes, a fact of which he himself was
not aware.

In forming a proper estimate of the risks involved by operations

—so far as the condition of the patient is concerned—and the pros-

pect of sound recovery after injury, many factors have to be

considered, and in the paragraphs which follow the more important

are dealt with.

Age.—Age exercises a considerable effect upon the result of

injuries. Taking amputation as a type of injury, it will be found

that quite young children—those under the age of five—do not bear

operation well, the mortality being as high as between the ages of
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thirty-five and fifty. The mortality is lowest between the ages of

five and fifteen, and these years certainly give the best results from
operations and injuries of almost every kind. After fifteen the

death-rate begins steadily but slowly to increase. The variation

between the whole period from twenty to forty is not considerable

;

but the risk of death after operation is twice as great in patients

between those ages as it is in individuals under twenty. In patients

over forty the mortality is nearly three times in excess of the

rate observed in patients under twenty. The increase in the risk

of death between fifty and seventy is very rapid.

In children wounds usually heal well ; the patient's organs are

probably healthy and vigorous, and the nutritive activity of the

body is in its prime. Children show great recuperative power, and
are free from the effects of that mental anxiety which often acts

so injuriously upon adults. They are able, moreover, to endure a

long confinement in bed and a tedious suppuration with compara-
tively little ill effect.

On the other hand, children suffer severely from shock and the

effects of acute pain. Pain, if unrelieved, may in a few hours reduce

a child to a state of collapse. Shock is certainly the chief danger in

operations upon young and healthy children.

It has been said that children bear the loss of blood badly.

Haemorrhage must, however, be regarded relatively when comparing
children with adults. If the weight of the body be taken in con-

junction with the amount of blood lost, it will be found that children

bear haemorrhage well, and, in the case of repeated bleedings,

they bear it remarkably well.

Operations should not be performed, if possible, during the first

dentition. Children are then often restless and excitable, liable to

digestive disturbances and to convulsions, and apt to develop a high

temperature under little provocation.

The natural restlessness of children is often an obstacle to the

perfect success of an operation, and injuries in the region of the

pelvis are apt to be complicated by the difficulty of keeping the

child clean.

Of the influence of old age upon injuries and operations, Sir

James Paget writes :
—" Among the old there are even greater

differences than among the young in the ability to recover from
operations ; and age, if reckoned by years, is not the only thing we
must estimate. . . . They that are fat and bloated, pale, with

soft textures, flabby, torpid, wheezy, incapable of exercise, looking

older than their years, are very bad. They that are fat, florid, and
plethoric, firm-skinned and with good muscular power, clear-headed

and willing to work like younger men, are not, indeed, good subjects

for operation, yet they are scarcely bad. The old people that are

thin and dry and tough, clear-voiced and bright-eyed, with good
stomachs and strong wills, muscular and active, are not bad ; they

bear all but the largest operations very well. But very bad are

they who, looking somewhat like these, are feeble and soft-skinned,
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with little pulses, bad appetites, and weak digestive power, so that

they cannot in an emergency be well nourished. »

"The old are, much more than others, liable to die of shock, or

of mere exhaustion, within a few days after the operation. They
bear badly large losses of blood, long exposure to cold, sudden
lowering of temperature, loss of food. Large wounds heal in them
lazily. Their stomachs, too, are apt to knock-up with what may
seem to be no more than necessary food. Many old people are in

less peril with a scanty diet than with a full one. Their con-

valescence is often prolonged There are some to whom
convalescence is more dangerous than disease."

In the aged especial risks attend injuries of the lower limbs, or

of the lower part of the trunk, or the back. The necessary long

confinement in the recumbent position is very apt to be attended by
congestion of the bases of the lungs and a low form of pneumonia.

This same position favours the production of^bed-sores.

Sex.—Other things being equal, it would appear from statistics

that women bear operations and injuries somewhat better than men.
This fact may be explained by the circumstance that they are more
tolerant of confinement to house and bed, lead less active lives, and
adapt themselves more easily to the surroundings of a hospital

ward. They are probably more temperate and regular in their lives,

and more patient.

It is well not to operate, unless compelled, during menstruation.

In perhaps the larger number of instances of operations performed
during this period, no ill effects are noticeable ; in the minority an
unaccountable rise of temperature with often considerable nervous
and digestive disturbances are met with.

Still more desirable is it that no operation be performed during

pregnancy. The special risk incurred in such a case is that attending

abortion. Apart from this risk there is little to anticipate, and
wounds do well. Ovariotomy and other grave abdominal opera-

tions have been performed during the various stages of pregnancy
without inducing abortion and without evil results. It appears to

be impossible to estimate the risk of miscarriage after a surgical

procedure or injury.

During lactation, also, operations should be avoided when
possible ; the patient is usually in comparatively feeble health, and
certainly not in the best condition for a serious call upon the

nutritive powers.

The robust and the feeble.—Experience shows that the best

subject for an operation, or the best result after injury, is not

always to be found in the strong lusty man in the prime of life.

Such a man has his mode of life suddenly interrupted when he

comes under the surgeon's care. His blood-vessels are full ; his

viscera have adapted themselves to the exigencies of an active life
;

his tissue changes are rapid and extensive, oxygenation is quickly

disposing of the great refuse matter which is continually accumu-

lating at the very moment when the tide is abruptly checked. The
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man finds himself motionless in bed, every circumstance of his life

is changed, he has no time to adapt himself to his altered position,

and it is a matter of little wonder that the inflammatory process

which may be induced runs riot and is not readily controlled. Cir-

cumstances are not improved by his altered mental condition, by the

shock of the accident, the horror of mutilation, and the possible

miseries of the future.

The feeble subject who has become wasted and worn by some such
trouble as chronic joint disease is, on the other hand, acclimatised to

bed-life ; his diet, his muscular changes, his breathing powers, have
all adjusted themselves to the molluscous condition. His viscera

are healthy, there is no accumulation of debris to be rid of, and
possibly even confinement is ceasing to be irksome. To such an
individual amputation comes as a relief. The change that amputa-
tion brings in his life is even agreeable, and opens up the prospects

of a new existence.

The great difference in the mortality of amputation for injury

and for disease serves to emphasise this point. It must be distinctly

understood, however, that these differences are only partly due to

the patient's condition. They perhaps as largely depend upon the

circumstances of the amputation, which must of necessity be
uncertain in operations for injury where it is difficult to ascertain

the limit of the sound tissues.

Obesity and plethora.—The very corpulent are certainly not

good subjects for either injury or operation. In some of them
wounds do quite well. These will probably be young persons in

whom the disposition to corpulence is hereditary, who are in sound
health, and take every reasonable means to prevent increase of

weight.

All obese individuals about or beyond middle life are, as a rule,

bad subjects in a surgical sense, and more especially the men. The
excessive corpulence may have been induced by gluttony or drinking

habits, or have been encouraged by indolence or disease. These
patients often breathe with difficulty, and cannot assume the entirely

recumbent position. They soon become helpless, their mere bulk

renders it difficult for them to be moved in bed and for dressings to

be applied ; their skin is frequently unwholesome, and they are not

readily kept clean.

The edges of the wound come ill together. The immense layer

of subcutaneous fat is indifferently supplied with blood, and has

probably been damaged. Portions of this tissue have been broken
up and isolated from a blood supply. The thickness of the parts

involves much strain upon the sutures. If after the operation the

patient incline towards the affected side, the whole wound region

becomes pendulous, drainage is difficult, and the application of

pressure in the dressing of the part is almost impossible. In these

circumstances, the wound is apt to become septic, sloughing is not

uncommon, and deep-seated suppuration is comparatively frequent.

A low type of inflammation often involves the surrounding skin, and
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the discharges become offensive and ill-conditioned. Such patients

often die suddenly, others become exhausted or succumb to an
intercurrent disease. The most favourable often make but a tardy

recovery.

The treatment of fracture is often a difficult matter in the
unwieldy bodies of the very corpulent.

Plethora as a simple condition does not compromise the success

of an operation. Indeed, the " full-blooded " pass through a sur-

gical experience well enough, provided that the plethora depend
upon no diseased condition.

Alcoholism.—A scarcely worse subject for an operation or an
injury can be forai'd than is provided by the habitual drunkard.

The condition contra-indicates any but the most necessary and
urgent procedures, such as amputation for severe crush, herniotomy,

and the like. The mortality of these operations among alcoholics is,

it is needless to say, very high.

Many individuals who state that they " do not drink," and who,
although perhaps never drunk, are yet always taking a little

stimulant in the form of "nips" and an "occasional glass," are

often as bad subjects for surgical treatment as are the acknow-
ledged drunkards.

Of the secret drinker the surgeon has indeed to beware.

Even abstinence from alcohol for a week or two before an
operation does not seem greatly to modify the result.

A severe injury or an operation in an habitual or occasional

drunkard is apt to be followed by an outburst of delirium tremens.

It must not be assumed that an operation upon a subject of alcohol-

ism must of necessity turn out badly. The evil result is, however,

sufficiently frequent to justify a refusal to perform any but urgent

operations, and the occasional fact that grave wounds in heavy
drinkers may heal kindly and well is rather an illustration of good

fortune than of surgical success. Such injuries as lacerated and
contused wounds and compound fractures call for special anxiety

when met with in the persons of those who drink to excess. The
simple fact is that the tissues of the alcoholic appear to be capable

of offering but little resistance to bacterial growth.

Tuberculosis.—On the whole, it may be said that tuberculous

patients stand operations remarkably well, and this especially applies

to children. In a large proportion of the cases the operation rids the

patient of a long-abiding trouble, and a source of persistent irritation

and weakness. It is sometimes surprising to note how a pale,

wasted, cachectic-looking child will improve and gain in flesh and in

looks almost directly after such an operation as amputation of the

leg for the removal of a wholly carious foot. Some of the best

examples—so far as a speedy recovery is concerned—of amputation

at the hip-joint have been met with among tuberculous children.

It must be assumed that in these and in other cases there is a

freedom from serious visceral disease such as lardaceous degeneration

of the liver.
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Wounds in the tuberculous are remarkably affected by their

surroundings. The patient requires fresh air and the most favour-

able hygienic conditions. Results may be obtained at the seaside

which can hardly be expected in the crowded wards of a city

hospital.

The tuberculous patient has no great power of sound plastic

repair. Healing may be rapid, but it is not always substantial. As
Verneuil well says, operations upon the tuberculous abound in "half-

successes, incomplete results, and unfinished cures."

Upon tuberculous patients of middle age operations must be

undertaken warily. The wounds in these individuals, especially when
they involve the diseased area, often do badly, heal but indifferently,

and are apt to be associated with inflammatory processes of the

lowest type.

On the question of operations upon the subjects of actual and
active phthisis Sir James Paget writes as follows :

—" The fever and
other accidents that may follow an operation may do special harm
to a tuberculous patient .... The fear of such a calamity should

dissuade you from all operations of mere convenience, and from all

measures of what may be called decorative surgery, in phthisical

people ; but it should not always dissuade you from operations that

will cure diseases from which they suffer much, and by which their

lives are wasted, as they are by fistula and diseases of the bones and
joints. In these and the like cases the main question is whether the

local disease—say, a diseased joint.—is weighing on the patient so

heavily or aggravating his phthisis and shortening his life so much
as to justify an operation attended with more than the average risk

of life and health.
" In all cases of acute or progressive phthisis great risk is incurred

by almost every operation The case is very different with
chronic or suspended phthisis. In these it is often advisable to incur

the somewhat increased risk of even a large operation, in order to

free the patient from the distress and wasting of a considerable local

disease, such as that of a joint ; and I should be disposed to say that

it is always advisable to cure, if you can, a small disease such as

fistula. I say if you can, for you will often be disappointed."

Syphilis.—In the great majority of cases syphilis does not

injuriously affect the prospects after injury or the course of an
operation. If the patient be rendered cachectic, or be the subject of

visceral disease, he is placed in the same unfavourable category with
those who are similarly affected from other causes. Wounds during

the progress of secondary syphilis more often heal well than show
any evil tendency. Occasionally they become the seat of transient

syphilitic manifestations, and heal indifferently, or break down after

a speedy closure. Such an event may occur without the appearance

of any distinct syphilitic change in the part. The same may be said

of operations performed late in syphilis or many years after its

occurrence. They usually do well. In the minority of the cases,

however, primary healing is not secured ; or the wound heals, and
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breaks down again ; or remains open, and becomes the seat of a

dull, persisting suppuration, or of an ulcer possessed of specific

characters. This, perhaps, more often happens when the incision

involves tissues which have previously been damaged by syphilitic

disease. Thus it comes to pass that plastic operations not infre-

quently fail in syphilitic persons, especially when performed for the

relief of deformities produced by some destructive manifestation of

the disease itself. The healing of fractures has been noticed to be
delayed occasionally in the subjects of syphilis, and repair to follow

when the patient is put under specific treatment.

Rheumatism and gout have practically no effect upon the

immediate future of an operation. The wound heals kindly and
well. It is unnecessary to say that an operation should if possible

not be performed during an outbreak of either of these conditions.

It must be remembered, also, that any of the sequelae of gout or

rheumatism may complicate the issues of an operation. Such are

the cardiac changes so often attendant upon the former disease, and
the degenerations of the kidneys and other viscera which are apt in

course of time to follow upon the latter.

An operation not infrequently determines an attack of gout, but
such attack usually has no noteworthy effect upon the progress

of the wound. Verneuil remarks that gout sometimes manifests

itself at the site of injury by fluxions with acute pains, which
simulate frank inflammation, and which, although of a temporary
character, may suspend or retax-d the healing process.

Injuries involving the periosteum are apt to be followed by
excessive action in that membrane when the patients are con-

spicuously rheumatic.

Cancer does not render a patient a bad subject for injury or

operation. The result of the operation may be modified by other

conditions, such as the age and temperament of the subject, and
the presence of visceral disease. Cancer as such appears to exercise

no effect upon the healing process. Indeed, operations for the re-

moval of malignant growths in old and broken-down individuals

often do remarkably well.

An89mia, especially when due to loss of blood, has no special

effect upon a surgical wound. The healing may be slow ; the

patient is perhaps rendered unduly liable to the more serious

complications which follow upon wounds, and has little power to

meet such misfortunes.

LeuCOCythsemia has a most disastrous influence upon operation

wounds. Splenectomy, although performed many times in the sub-

jects of leucocythsemia, has been followed by one uniform result

—

the patients have died.

Serious, if not fatal, results have followed in less grave procedures,

and in the leucocythsemic pei'son even a trivial operation is danger-

ous. They stand in great peril of haemorrhage, and become the

ready subjects of low forms of inflammation, of cellulitis, and allied

conditions
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Haemophilia forbids a surgical operation of any but the most
pressing kind, and forms a serious complication of any wound or

severe contusion. The subjects of haemophilia do not always bleed

desperately after a wound
;
perhaps the most certain haemorrhage

will occur after wounds implicating the mouth. Still, a member
of a "bleeder family," who has nearly bled to death from a slight

accidental cut of the lip, may undergo an amputation of the foot

with no more than the usual loss of blood.

Malaria.—The complex associations of malaria and injury are

very clearly dealt with by Yerneuil in the following passages :

—

" Malaria may give rise, at the site of the injury, to various

complications, such as haemorrhage and neuralgia, complications

which assume an intermittent type, and which yield to the employ-

ment of quinine.

"The influence of the poison, however, is not always shown by
periodical disturbances. Certain wounds may assume a bad appear-

ance, or at least remain stationary, until, the cause being suspected,

quinine, which acts like a charm, is administered.
" The wound may occur under one of the following circum-

stances :

—

" 1. In a patient actually affected by intermittent fever. In
this case the wound, especially if it be followed by haemorrhage,

rapidly and markedly aggravates the disease.

"2. In a patient who has previously been the subject of ague,

but who appears to have entirely recovered. The wound, even
when slight, may induce a fresh onset of ague ; although the re-

covery from the last attack of fever was five, ten, fifteen, or even
more years ago. On the other hand, the wound itself may become
the seat of some local intermittent complications, the patient being

free from the usual manifestations of the disease.

" 3. In a patient who has never had intermittent fever, who is

living in a healthy country, but who has formerly lived in a

malarial district. The wound in such cases may apparently give

rise to intermittent fever or to intermittent complications. It is

clear that the injury, not being able of itself to produce a true

intoxication, has merely provoked the explosion of a hitherto latent

disease. These latter cases are not very rare, and are especially

observed in large cities and in the healthiest regions."

Acute diseases, erysipelas, and inflammation.—It is need-

less to say that no operation, except such as is so urgent as to be

necessary to save life, should be performed during the progress of

any acute disease, such as pneumonia, an eruptive fever, and the

like.

The same may be said of erysipelas. Incisions have to be made
in the course of that disease to relieve the tension and to evacuate

pus, but they cannot rank as operative measures. If an amputa-
tion be rendered necessary in a subject of erysipelas, the ]ess danger
would attend the postponement of the operation until tie acute

period of the fever had passed.
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It is most important to avoid, when possible, any operation

upon inflamed parts. This applies as well to so small an operation

as the removal of a pile as to the excision of a large tumour. With
operations in the present sense are not classed such surgical measures
as are employed for the relief of inflammation.

Affections of the nervous system.—The mental state of a
healthy patient as expressed by the terms "nervous," "nenrotic,"
" excitable," " apathetic," has little definite effect upon the result

of an operation or injury.

The least favourable frame of mind is that marked by gloom
and utter apathy, and by a morbid, stoical indifference, difficult to

dispose of.

Operations and injuries in hysterical or epileptic patients are

apt to be complicated in their after-treatment by outbreaks of the

nerve affection. While attacks of both hysteria and epilepsy are

clearly often induced by an operation or injury, on the other hand a

precisely opposite effect may follow the surgical measure.

The insane bear operation unusually well, provided that they are

in sound health and amenable to treatment, and of cleanly habits.

In many subjects of chronic mania, of melancholia, and dementia,

the general health is quite broken down, and as a consequence they
become unfit subjects for any operative treatment. In those of the

insane, also, who are violent, restless, mischievous, or ,f very dirty

habits, the success of any surgical measures may be frustrated by
the patient.

In not a few instances insanity appears to have been induced by
operation. The patients are mostly women, and the operation for

the most part one concerning the breast or pelvic organs. The
occurrence of this unfortunate circumstance is neither frequent

enough nor sufficiently well defined to influence a surgeon in the

performance of a necessary operation.

It is needless to point out that injuries affecting paralysed Limbs

or the lower extremities of the subjects of locomotor ataxia can
scarcely be expected to turn out well. The gloomiest forebodings

are, however, often not realised.

Diabetes offers a serious bar to any kind of operation, and
injuries involving open wounds, haemorrhage or damage to blood-

vessels are exceedingly grave in the subjects of this disease. A
wound in a diabetic patient will probably not heal, while the tissues

appear to offer the most favourable soil for the development of putre-

factive and pyogenic bacteria. The wound gapes, suppurates, and
sloughs. Gangrene very readily follows an injury in diabetics, and
such patients show a terrible proneness to a low form of erysipelas

and of spreading cellulitis.

Diabetic gangrene of a limb is determined by many causes,

among which especial attention must be given to inflammatory con-

ditions, atheroma of vessels and peripheral neuritis. There was a

time when amputation for diabetic gangrene was considered to be

absolutely hopeless. Of recent years, however, this operation has
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been carried out with success. Three main factors have contributed

to produce this result :—(1) The observation of antiseptic precautions

of an exceptionally rigid kind
; (2) the carrying out of a precise

anti-diabetic treatment ; and (3) attention to the condition of the
arteries in determining the site of the amputation. Mr. Godlee,

who has recorded some successful cases of amputation in diabetic

gangrene, comes to the following conclusions upon this subject :

—

" A large proportion of the cases of gangrene of the lower extremities

of diabetics will be found to depend either on arterial degeneration

or on peripheral neuritis ; and that in the former class it is probable

that the changes in the arteries will extend at least as high as the

knee. Whilst, therefore, it is right to amputate in those of the

former class if the disease be progressing rapidly, not lower than the

knee, those of the latter may either be left alone, or if amputation
be undertaken it need not be at a great distance from the seat of

disease." *

Visceral disease.—(1) Heart disease and atheroma.—In the

matter of heart affections, it may be said that the patient whose
heart is feeble or fatty, or embarrassed by valvular disease, is ex-

posed to extraordinary risk from the shock of an operation ; but
apart from this, heart disease, if it have induced no widespreading

tissue change, appears to add little to the danger of the undertaking.

On the other hand, as Verneuil points out, valvular lesions and
degenerations of the muscular tissue of the heart may, by changing
the condition of the entire circulation, modify the composition of the

blood, cause impairment of the viscera, alter the tissues, and bring

about a condition very unfavourable to the healing process. Such
patients show a disposition to passive haemorrhages difficult to

check, together with oedema of the wounded region, to patches of

erythema, to erysipelas, and even to gangrene. There is a local

atony which indefinitely delays healing and converts the wound into

an ulcer.

Operations are often performed upon limbs the arteries of which
are affected by atheroma. It is surprising how well ligatures main
tain a hold upon such vessels, and how well they remain closed.

The risk that would appear to be most pressing, that of secondary

haemorrhage, is in actual practice seldom encountered. That wounds
in such patients are more liable to secondary bleedings than are

wounds involving parts supplied by normal arteries is true, but the

occurrence is not frequent. The real risks in these cases are from
gangrene, from sloughing of the flaps of an amputation, or from the

breaking down of the simplest wound, and from diffuse inflammations

of a low type.

(2) Lung disease.—The relation of phthisis to injuries has been

already considered. Any chronic lung affection, such as chronic

bronchitis, usually indicates impaired health, and offers difficulties

in the after-treatment on account of the embarrassed breathing, the

* Medico-Chirurgical Transactions, 1893.
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disturbance of parts produced by coughing, and the imperfect

oxygenation of the blood. Operations and injuries in such individuals

can hardly be expected to follow a quite even course.

(3) Affections of the alimentary canal.—In the matter of affec-

tions of the alimentary canal there is little to be said. The effect

that any disease of the stomach or intestines may have upon an
operation is to be measured by the effect it has on the general health.

The subject of chrome dyspepsia can hardly be well nourished, and
the subject of habitual constipation is burdened with a trouble

which an operation serves to complicate. It is unnecessary to state

that an operation should be avoided, if possible, during the course of

diarrhoea or dysentery.

(4) Diseases of the liver.—Affections of the liver have a very

injurious influence upon operations and injuries. Even the slighter

forms of hepatic trouble serve to compromise the future of an opera-

tion, and the more defined diseases of the liver have a definite ill-

effect upon surgical wounds. Such are cirrhosis of the liver and
the conditions of fatty or amyloid degeneration. Advanced forms of

these affections offer a serious bar to operation. Operations per-

formed in the earlier stages of the former disease will certainly be

injuriously affected. The subject of cirrhosis is probably a drunkard
;

the subject of amyloid degeneration the victim of long-continued

suppuration.

The risks these patients run are numerous. Some succumb to

shock, others die of exhaustion. In all there is a probability that

the wound will not heal, but that it will slough and suppurate, and
become the seat of spreading inflammation of a low type. Py^nria
was unduly common in these patients.

No question is more difficult to decide than that which concerns

the period in the progress of lardaceous disease of the liver, beyond
which it is practically unjustifiable to operate. In the quite ad-

vanced stages of the disease a serious operation is certainly not

justifiable. In the earlier and middle periods an operation such as an
amputation may be performed with ultimate admirable success, for

it not only rids the patient of his trouble—probably a suppurating

joint—but it removes the cause of the visceral complication.

(5) Kidney disease.—It may be safely said that the results of

operations and injuries are more powerfully influenced by diseases

of the kidneys than by a corresponding disease of any other organ.

An operation upon the subject of advanced Bright's disease or of

surgical kidney is a desperate matter. A patient may look fairly

healthy, may appear well nourished, may be temperate and living a

most regular life, and the operation may be but a trifling one
;
yet

the complication of albuminuria renders the surgical procedure most
serious and hazardous. Many an elderly man has died almost

suddenly from the effects of rough catheterisation, and it has been

found after death that he was the subject of an unsuspected

pyelitis.

Quite slight operations of no urgency—such as that for the relief
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of Dupuytren's contraction of the palmar fascia—have placed the

subjects of Bright's disease in great danger of death.

In no case should an operation on an adult be undertaken
without a preliminary examination of the urine.

It is true that in some instances—as in a form of albuminuria

met with in connection with large abdominal tumours—the existence

of the albumen is no bar to an operation. It is true also that

patients with Bright's disease have recovered admirably from large

operations. The fact remains that organic disease of the kidney is

one of the most serious complications with which the surgeon can be

concerned.

The subjects of kidney disease exhibit nearly the same evil

tendencies after operation as have been alluded to in dealing with
hepatic troubles. They are exposed to the additional risk of death

from suppression of urine and uraemia. Such patients often die of

exhaustion many days, or even a week or more, after the operation.

They are especially pi-one to all the evils incident to wounds.
Primary healing can never be depended upon.

A plastic operation is unjustifiable in a subject of kidney disease.

The operation wound is liable to break down, to suppurate, and be

the seat of secondary haemorrhage, of erysipelas, of cellulitis, and
even of gangrene. When pyaemia was common in hospital wards, the

subject of kidney disease became its readiest victim. Surgeons have
learnt how to ward off pyaemia, but they have yet to learn how to

meet the complications of Bright's disease.



XIV. ANESTHETICS.

By FREDERIC W. HEWITT, M.D. Cantab.,

Aacesthetist to, and Instructor in Anaesthetics at, the London Hospital.

Foe the prevention of pain during surgical operations two recognised

modes of procedure are open to the surgeon. He may either induce

and maintain a state of general anaesthesia by the administration, for

example, of nitrous oxide, ether, or chloroform ; or he may bring

about a condition of local anaesthesia by the use of such agents as

cocaine, the ether-spray, or chloride of ethyl. Speaking generally,

the former plan is applicable and reliable in every case in which a

painful operation is contemplated ; whilst the latter, in addition to

its having but a limited range of applicability, is in many cases

distinctly unreliable.

I. GENERAL ANAESTHESIA.

1. Preparations and precautions.

These may be briefly summarised.

(1) Putting aside nitrous oxide, for which no very special pre-

paration is needed, the bowels should be thoroughly evacuated by
appropriate means. This is usually best effected by a purgative the

day before, and an enema on the morning of the operation. The
bladder, too, should be empty.

(2) Whenever practicable, in ordinary surgical practice, an
interval of from four to five hours should have elapsed since the

last meal. In the case of nitrous oxide, about three hours' fast is

advisable. In exhausted subjects, some clear soup or beef-tea may
be allowed three hours before the operation. A little brandy or

whisky, with an equal quantity of water, is permissible fifteen

minutes before the operation when signs of faintness are present.

(3) The early morning (8 a.m. to 9.30 a.m.) is the best time for

ordinary surgical operations.

(4) The administrator should on all occasions observe the

patient's colour, respiration, and pulse. Should any marked de-

parture from the normal be detected, a stethoscopic examination

should be made.
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(5) That anaesthetic should be selected which is most suited to the
particular case.

(6) The mouth should be inspected, and artificial teeth removed.
Inadequacy or absence of nasal breathing should not escape attention.

(7) All constricting clothing should be unfastened, even for the
most trifling operation.

(8) Except in the case of dental and similar operations, the
patient should be re- B
cumbent, in a comfort-

able posture. A position

half-way between the

supine and lateral is

often assumed for choice.

The head should be
turned to one side.

(9) A third person

should always be present

during the administra-

tion.

(10) ISTo case should

be regarded as trivial.

Difficulties and acci-

dents may arise when
anaesthetising a perfectly

healthy patient with the

safest known anaesthetic

for a minor operation.

(11) The anaesthetist

should devote his undi-

vided attention to his

patient, and should take

no part in the operation.

(12) He should have
at hand :—(a) Appli-

ances for opening the

mouth, and maintaining

it in that position : e.g.

a wooden wedge, a

Mason's gag, and a small

dental mouth "prop "; (b) a pair of tongue forceps; (c) instruments

for tracheotomy. Of the various restorative remedies, brandy, nitrite

of amyl, tincture of digitalis, and liq. strychninse hydrochlor. are

the most reliable.

2. The chief methods of producing general anaesthesia.

1. By nitrous oxide free from air or oxygen.—The most
convenient apparatus is shown in Fig. 47. To ensure success, an
accurately-working apparatus possessing wide channels, efficient

valves, and a face-piece which exactly fits the patient's face are

Fig. 47.—Apparatus for administering Nitrous Oxide.

F, Face piece; vs. valved stopcock; B, gas bag ; s, stopcock ;

4, rubber tube; su, singie union; du, double union. Two
cylinders of nitrous oxide with foot key are also shown.
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indispensable. The bag having been partly filled with gas, the i'ace-

piece is carefully adjusted. After a few breaths of air through the

apparatus, nitrous oxide is allowed to enter the face-piece. The bag
is kept fairly full by rotating the foot-key. Respiration grows deeper

and quicker, the features become dusky or cyanotic, the pulse is

accelerated, and the pupils usually dilate. In from thirty to seventy

seconds respiration loses its rhythm and becomes " catchy," jerky, or

tumultuous; stertor may be heard; and clonic muscular movements
of the face and extremities appear. The administration of nitrous

oxide for a dental operation is usually carried to this point ; the

face-piece is then removed and the operation begun. An anaesthesia

of about thirty seconds remains after the face-piece is removed.

Re-breathing is not, as a rule, advisable. But should the nitrous

oxide unexpectedly fall short, a few mo-
ments of to-and-fro breathing towards the

end will prevent the failure to anaesthetise

which might otherwise occur.

2. By nitrous oxide mixed with
air.—By giving an occasional breath of

air through the stopcock during the

administration of nitrous oxide, the in-

halation may be so lengthened that

operations lasting for several minutes
may be performed. Care must be taken

not to give too much air, as this would
interfere with anaesthesia. On the other

hand, too little would render the ad-

ministration difficult, owing to the stertor

and spasm which would result. In dental

practice an occasional breath of air with

nitrous oxide, by allowing a longer inha-

lation, leads to a longer after-anaesthesia.

3. By nitrous oxide mixed with oxygen.—A special ap-

paratus is required. The anaesthesia produced is the safest and most
perfect with which we are acquainted. The asphyxial phenomena
of ordinary nitrous oxide anaesthesia (cyanosis, stertor, and "jactita-

tion ") are prevented, and a deeper and more sleep-like anaesthesia

results. The mixture is known as " schlafgas " in Germany. The
method is valuable (1) hi patients with serious cardiac or pulmonary
disease

; (2) in very old persons
; (3) in anaemic, cachectic, and feeble

subjects ; and (4) in children. In addition to its value in dental

surgery, it is very useful for short operations within the nose and
throat, and in orthopaedic surgery.

4. By ether, with Clover's regulating' inhaler.—This
ingenious apparatus is shown in Fig. 48. It consists essentially

of (a) a face-piece carrying a whistle-shaped metal tube fitting into

(b) a spherical metal ether reservoir, and (c) a bag "When the

resorvoir is rotated on the whistle-shaped tube attached to the

face-piece, more and more of the current which passes between

Pig-. 48.—Clover's Portable Regit
lating Ether Inhaler.
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the patient and the bag is made, by an ingenious arrangement of

slots, to travel over the ether in the reservoii-. An indicator point-

ing to "0," "1," "2," "3, ;; and "F" (full) on the circumference
of the reservoir shows the extent to which the air current is thus
deflected. It must be remembered that fresh air can only be
admitted by removing the whole inhaler, or its bag, from time to
time. To use the apparatus : (1) Pour out any ether which may
have remained from a previous administration. (2) In cold weather
partially immerse the reservoir in lukewarm water for a minute.

(3) Pour in 1| oz. of pure ether. (4) Accurately adapt the face-

piece to the face. (5) Fit on the bag. By pressing the face-piece

rather more during expiration

than inspiration the bag will

become distended with expired

air. (6) Keep the indicator at
" " for half a minute. (7) Very
gradually rotate the ether resei"-

voir, so that the " " moves con-

tinuously, but almost impercep-

tibly, away from the indicator.

(8) Continue to rotate the reser-

voir, giving no fresh air till stertor

commences. The inhaler may
then be removed for one inspira-

tion of air, but care should be

taken to give no more than this

for the present, and rather to

increase than to diminish the

strength of ether vapour. (9)

When the breathing has become
regular and stertorous, and the

cornea insensitive to touch, a few
more inspirations of fresh air

may be allowed. (10) Generally speaking the indicator may be kept

between " 1 " and " 2 " after the patient has been placed well under.

The inhaler should be removed for fresh air about every ten or

twelve breaths. Feeble subjects should be allowed more air and less

ether than more vigorous persons.

In deep ether anaesthesia the eyes are fixed, the cornea is insensi-

tive to touch, the pupils are moderately dilated, mucus and saliva

are freely secreted, especially in children and young persons, and the

muscular system is relaxed. The most characteristic feature of the

anaesthesia, however, is the remarkable circulatory and respiratory

activity. The face is flushed, the heart's action increased in rate,

and incised parts bleed very freely. Physiological experiments have
shown that the blood pressure falls but slightly, whilst the heart's

cavities do not dilate as in the case of chloroform (MacWilliam).

Respiration is usually deep, quick, regular, and stertorous.

5. By ether with Ormsby's inhaler.—Fig. 49 shows the

Fig. 49.—Modified Ormsby s Ether Inhaler.

F, Face-piece ; B, bag ; s, sponge for ether ; w, water
chamber for preventing freezing of sponge;
st, stopcock for inflating cushion of face-piece.
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most recent modification of this apparatus. From 2 to 4 drachms of

the purest ether should be poured upon the previously moistened

sponge, and the face-piece gradually applied. Swallowing, tem-

porarily suspended breathing, and coughing are not uncommon,
even with care. Excitement and struggling are more frequently

met with than when using Clover's apparatus. Gradually, how-
ever, the breathing becomes more regular and stertorous, and the

usual signs of ether anaesthesia appear. Fresh air should be allowed,

by removing the inhaler, about as often as with Clover's inhaler.

This method is inferior to Clover's for inducing anaesthesia ; but

when consciousness has been destroyed by nitrous oxide or the

A. C. E. mixture, Ormsby's inhaler is particularly useful for

maintaining anaesthesia with ether.

6. By ether. "Open" method.—A towel folded into the

shape of a cone, at the apex of which a sponge wrung out of tepid water

is placed, may be employed ; but a Rendle's mask (Fig. 50) of leather

or celluloid, partly covered with domett,

is more convenient. The ether should

be gradually given at first; but when
excitement commences the anaesthetic

should be freely pushed, and the usual

signs of anaesthesia will be produced,

though often rather tardily. The method
is wasteful and inferior to others for

general use. It may be advantageously
50.—Rendle's Mask, made °, n .

J
. , ? , /

from Celluloid. chosen, however, in cases in which air

limitation would be open to objection, and
in those in which very little anaesthetic indeed is needed.

7. By nitrous oxide, followed by ether.— These anaes-

thetics may be thus given in succession. An ordinary nitrous oxide

apparatus (Fig. 47) and an Ormsby's ether inhaler (Fig. 49) are

employed. Nitrous oxide is administered in the usual way till jerky

respiration and clonus occur. One inspiration of air is then allowed,

and the ether inhaler, previously charged with ether, is applied

during the following expiration. The next few inspirations are

usually cut short or prevented by the strong ether vapour, and con-

siderable cyanosis is occasioned for a few moments. Respiration

soon becomes more regular, however, and at this juncture fresh air

may be allowed in sufficient quantity to re-establish the colour.

When anaesthetising children, feeble subjects, and old persons, some-

what more air should be allowed during the transition from " gas
"

to ether than is generally advisable. This particular method is well

adapted for anaesthetising children, adolescents, and very nervous

women. Nitrous oxide and ether may also be given together by
employing the stopcock and gas-bag of Fig. 47 fitted to a Clover's

inhaler (Fig. 48). The bag, filled with " gas," is attached to the

charged ether chamber, and the face-piece is applied. Air is at first

breathed ; nitrous oxide is then turned on, and half the " gas

"

breathed out through valves ; the remaining half is then breathed to
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and fro by turning the valves off; and ether is admitted in increasing
quantities by rotating the ether chamber. When clonic movements
deep stertor, or much cyanosis arise, one breath of air should be
given. The administration is subsequently conducted as already
described (page 274 : paragraph 4). This particular method gives
better results than the preceding in dental practice and in anaes-

thetising powerfully-built or alcoholic men for ordinary surgical

operations.

8. By chloroform. "Open" method.—This is to be pre-

ferred to other methods for ordinary cases. A double thickness of

lint pinched up into the shape of a small fan, the corner of a towel
drawn through a safety-pin, a Skinner's mask (Fig. 51), or any
similar arrangement permitting free access of air, may be employed.
Closely-fitting inhalers should never be used. The best form of
drop-bottle for sprinkling the chloroform is that known as Thomas's.
A few drops of the anaesthetic should first be dropped upon the lint,

towel, or mask, which should be held

a trifle away from the face. The
object of the anaesthetist should be
to keep up the more or less continuous

administration of a well-diluted va-

pour ; not to give the anaesthetic in-

termittently and irregularly. He
must steer between two extremes.

On the one hand, too strong a vapour,

with the absence of sufficient air, Fig. si.—Skinner's Mask.

will cause struggling, rigidity, and sus-

pended breathing ; on the other hand, too dilute a vapour, or the inter-

mittent administration of very small quantities at a time, will cause

delay, imperfect anaesthesia, pallor, feebleness of pulse, and vomiting.

These remarks apply more particularly to moderately healthy and
vigorous subjects, not to exhausted or feeble persons. The few drops

first sprinkled on the lint should be quickly followed by a few drops

more, and the lint more closely applied. Any holding of the breath

should be met by slightly removing the lint. As the administration

proceeds, respiration grows audible and deeper. Incoherent speech,

excitement, and muscular rigidity are not uncommon in certain

subjects. Should respiration be temporarily suspended during the

stage of rigidity, the chloroform should be removed during the deep

and quick breaths which follow, but re-applied gradually as these

breaths lessen in force and frequency. If this precaution be not

adopted, an over-dose may be given; for the circulation, having

already absorbed a considerable quantity of chloroform prior to and
during the suspended breathing, will quickly absorb a considerable

quantity more during the forcible respirations which follow. Some-
times there is no rigidity or excitement. But under either set

of circumstances the breathing gradually becomes regular and
softly snoring, the dilated pupils of partial anaesthesia grow smaller,

the muscular system becomes completely relaxed, and the corneae
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insensitive to touch. The patient is now ready for any surgical opera-

tion. The circulation under chloroform is not as vigorous as that

under ether. The pulse is slower than normal (in most cases), and

incised parts bleed less freely than under ether. All physiologists

agree that a considerable fall in blood pressure takes place. Accord-

ing to the Hyderabad Chloroform Commission,* the fall of pressure

which occurs with regular breathing is of vaso-motor origin, and

is, " if not a safeguard, absolutely hai-mless." Whilst admitting

that the fall is at first chiefly due to vaso-motor paralysis, Mac-

William has shown that actual dilatation of all cavities of the heart

occurs under chloroform, and that the fall of pressure is, in the later

stages of administration, largely clue to this cause. Gaskell and

Shore, in another important contribution to the subject, maintain

that the effect of chloroform on the vaso-motor centre is rather one

of stimulation

than depres-

sion, and attri-

bute the fall

to the direct

action of chloro-

form upon the

heart. More
r ecently,
Thornton and
Hare have gone
over the ground
again, and urge

that the vaso-

motor paralysis

is the dominant
factor in the fall of blood pressure, but admit that cardiac depression

may contribute, especially when the heart is previously diseased.

They disagree with the Hyderabad Commission that the low blood

pressure is in any way a safeguard ; and, in conclusion, corroborate

MacWilliam's statement that dilatation of the heart's cavities is

invariably produced in deep chloroform anaesthesia. Quite recently,

Pickering has shown, by experiments on the heart of the chick

embryo—a heart not yet possessing nervous connections with the

central nervous system—that chloroform has a distinctly depressing

effect upon the cardiac muscle itself.

In administering chloroform, attention should be paid to the

following points :—(1) The respiration. This should either be heard

or felt throughout. A soft regular snoring is to be encouraged. (2)

The pulse. This should be carefully watched, in addition to the

breathing. (3) The colour. Simple cyanosis points to some inter-

ference with respiration, whilst circulation is but little deranged

;

it is, hence, common when the air-supply is restricted or when the

respiratory movements are inadequate. Pallor, the indication of

* Report, p. 137.

Fig. 52.—Junker's Inhaler, with Flannel Face piece, for administer-
ing Chloroform.
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circulatory depression, may arise from surgical shock, impending
vomiting, inadequate breathing, or the administration of an over-dose.

(4) The corneal reflex. (5) The pupil. A minutely-contracted

pupil usually, but by no means necessarily, means a rather light

anaesthesia. A moderately-contracted pupil is common in proper

chloroform anaesthesia. A moderately-dilated or dilated pupil may
either mean a deep or a light anaesthesia. In some cases a

widely-dilated pupil is present throughout perfectly established

anaesthesia. The pupil is of little use as a guide till the patient has

been anaesthetised for some little while, and even then the effects of

more or less of the anaesthetic must be observed before inferences

can be drawn. (6) The act of deglutition. This is absent in deep

anaesthesia. (7) The state of the muscular system. (8) Phonated
expiratory sounds. These point to moderately deep anaesthesia.

9. By chloroform with Junker's apparatus.—The latest

form of this inhaler is represented in Fig. 52. By working the hand
bellows, air is made to bubble through the chloroform in the bottle,

thus becoming charged with anaesthetic vapour. The face-piece into

which this chloroform-laden air is

pumped should fit the face loosely,

so that the vapour may be freely

diluted with fresh air. Having made
certain that the inhaler is in work-
ing order, the anaesthetist should

apply the face-piece with one hand,

whilst he pumps gently, steadily, and ^iBtfS^^&aStofS
rhythmically with the other. The Chloroform Vapour,

great advantage of Junker's inhaler

is that a more or less equable and well-diluted chloroform vapour
may be continuously administered. Its disadvantages are that its

management occupies a considerable share of the anaesthetist's

attention, and that difficulty may be experienced in producing deep

anaesthesia with it, especially in vigorous or alcoholic subjects.

But Junker's inhaler is of great value for keeping up anaesthesia

during operations upon the mouth or nose. For these cases a bent
metal mouth tube, or a silk catheter for introduction through the

nose, may be attached to the flexible exit tube of the inhaler, in

place of the face-piece. The modified Mason's gag of Fig. 53 is

useful in some cases ; the flexible tube of Junker's apparatus being

attached to the metal tube running along the arm of the gag.

10. By the A. C E. mixture.—This mixture, which consists

of one part of alcohol, two of chloroform, and three of ether (George

Harley), may be conveniently administered by means of a Skinner's

or Rendle's mask (Figs. 50 and 51). For infants and young
children the former may be used throughout ; but for adults the

latter should be substituted after partial anaesthesia has been secured.

The anaesthesia produced resembles that of chloroform in most
respects ; but respiration is deeper and circulation more active.

There are two important points in administering this mixture : viz.
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that small quantities cnly (half to one drachm) should be added at a
time ; and that fresh air should be freely admitted throughout.

11. By the A. C. E. mixture, followed by ether.—This is

an excellent method of producing anaesthesia in many cases. A
Rendle's or Skinner's mask (Figs. 50 and 51), or both in succes-

sion, should be used for the mixture ; and an Ormsby's inhaler

(Fig. 49) for the ether. Partial anaesthesia having been induced
by the mixture, the Ormsby's inhaler, charged with ether, should be
gradually applied. Excitement and struggling are rare.

12. By morphine with a general anaesthetic.—The
injection of from ^ gr. to J gr. of morphine, with or without -j-^ gr. of

atropine, is strongly recommended by some as a preliminary measure
before general anaesthesia. The susceptibility of the patient to morphine
should be previously ascertained, and his general state of health

carefully considered before this mixed narcosis is employed. The
injection should be made about twenty minutes before the hour fixed

for operation. When patients are thus treated, or when an opiate

has for other reasons been given, it will be found that much smaller

quantities of the anaesthetic than usual are required ; that excite-

ment, struggling, rigidity, salivation, and cough are exceptional ; and
that it is often possible to keep up a passive and analgesic condition

with extremely small doses of the anaesthetic. The combination of

morphine and chloroform is said to prevent inconvenient vascularity

in cerebral operations (Horsley) ; and the analgesic state which may
be secured by the method has been found of service in the surgery

of the mouth and nose (Thiersch). In giving an anaesthetic after

morphine, care must always be taken to administer as little as

possible, otherwise the respiratory functions may become depressed.

Other methods.—The so-called "bichloride of methylene"
(a mechanical mixture of chloroform and methylic alcohol), ethidene

dichloride, bromide of ethyl, and amylene or pental, are inferior in

one or more respects to the anaesthetics above considered.

3. The choice of the anaesthetic and of the method of
its administration.

Looking at the matter in its broadest aspect, we may arrange

cases requiring a general anaesthetic in two main groups : (1) those

presenting no special peculiarities—in other words, ordinary or

average cases; and (2) those in which some departure from our
usual method of procedure is necessary—these may be called, for

purposes of description, exceptional cases.

1. The choice of anaesthetics and methods for routine
use in ordinary cases.—Our endeavour should be to select that

anaesthetic which has the least risk to life attached to it. It hence

follows that, whenever practicable, nitrous oxide should be chosen.

When this gas is administered as has been described, it will be found
that many operations often regarded as beyond its range may be

successfully performed, so far as the avoidance of all pain is con-

cerned. In the event of nitrous oxide being inapplicable, as it is

in most surgical cases, the next safest anaesthetic—viz. ether—should,
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if possible, be chosen. Ether may often be satisfactorily given
although apparently contra-indicated. For general application

Clover's method (Method 4) is the best; but if the anaesthetist is

desirous of sparing the patient the initial discomforts of ether,

he may either give nitrous oxide (Method 7) or the A. C. E. mixture
(Method 11) as a preliminary anaesthetic.

2. The choice of anaesthetics and methods for special
patients and cases, the operation being of such a nature
that nitrous oxide alone is inadmissible. Age, tempera-

ment, general physique, etc.—For infants the A. C. E. mixture on a

Skinner's mask (not a cone) answers well ; but ether may be
safely given on a cone of lint. Chloroform should be administered

on lint, on an open Skinner's mask, or by means of Junker's appara-

tus with flannel face-piece (Fig. 52). For children of from two to

four years the A. C. E. mixture should be given to partial anaesthesia,

and then ether from a Clover's or Ormsby's inhaler substituted. For
senile subjects (over 70 years), the A. C. E. mixture (Method 10)
answers best ; should any respiratory difficulty appear, chloroform,

should be substituted : and only small quantities of the anaesthetic

will be needed when once anaesthesia has been produced. Extremely
neurotic and hysterical women are best anaesthetised by nitrous

oxide and ether (Method 7). Stout, flabby, breathless subjects,

with a feeble circulation and a congested appearance, are best

anaesthetised by the A. C. E. mixture, followed by ether (Method

11), or by the A. C. E. mixtui-e alone (Method 10). For anaesthe-

tising very muscular and vigorous men or alcoholic subjects, ether

is preferable to all other anaesthetics ; it may be advantageously

preceded by nitrous oxide or the mixture (Methods 7 and 11).

Affections of the respiratory system.— In advanced chronic bron-

chitis, emphysema, or phthisis, the A. C. E. mixture usually gives

the best results. A very profound anaesthesia must be avoided.

Should any difficulty arise, chloroform may be substituted. When
much dyspnoea is present, the last-named anaesthetic should be used

from the first. Chloroform is also indicated when cyanosis from

laryngeal disease, pressure upon the trachea, abdominal distension,

or similar causes, is present. In long-standing pleural disease ether

may be successfully given if care be exercised. (See next page

:

Operations upon the pleura or lung.)

Affections of the circulatory system.—When anaesthetising patients

with advanced affections of the heart, pericardium, or blood-vessels,

all unnecessary strain upon the circulation should be avoided. In
most cases the A. C. E. mixture cautiously given (Method 10)

answers admirably. Should much respiratory difficulty pre-exist,

or should it arise under this anaesthetic, chloroform must be used.

In very exhausted or collapsed patients, ether given in small quan-

tities, and with more air than is customarily allowed, produces the

best results.

Affections of the central nervous system.—If the patient be
lethargic or semi-comatose from cerebral disease, very little anaesthetic
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will be required. In such cases the use of morphine before ether or

chloroform should be avoided. In ansesthetising epileptics a mouth-
prop should be placed between the teeth, in case an attack occurs.

Renal disease.—Patients with advanced renal disease may be
safely anaesthetised by ether, provided that other morbid conditions

contra-indicating this anaesthetic are absent.

Menstruation, pregnancy.—It is as well to withhold anaesthetics

during the menstrual period. Pregnant women should be anaesthe-

tised by methods which are not likely to induce convulsive move-
ments, struggling, coughing, or vomiting.

Operations within or about the nose or mouth.—The best plan in

these cases is first to place the patient well under ether (preceded, if

desired, by nitrous oxide or the A. C. E. mixture), and then to keep
up unconsciousness with chloroform. Many operations (e.g. those

for the removal of adenoids, tonsils, or nasal polypi, as well as those

for the extraction of numerous teeth) may be very conveniently per-

formed after a free administration of ether, no further application ot

the inhaler being necessary. But for long operations on the jaws,

tongue, palate, etc., this plan hardly suffices, so that a change to

chloroform should be effected, the conjunctiva being allowed to re-

gain its reflex to a slight extent before the chloroform vapour is

pumped into the mouth or nose by the Junker's apparatus already de-

scribed (Method 9). The sitting posture is only admissible when
ether is employed. "When it is necessary to give chloroform, either

from the commencement or after ether, the patient should, if con-

venient to the surgeon, either be placed upon his side, with his cheek

upon the pillow—an excellent posture in many cases—or upon his

back, with his head completely extended over the end of the table.

Should any other posture be necessary, the anaesthetist must be

careful, lest blood accumulate in undesirable quantities above or

within the larynx. As a rule, only a moderately deep anaesthesia

should be maintained. If the haemorrhage is profuse, either re-

peated sponging will be needed or the head must be turned to the

side occasionally for drainage. Unattached sponges, so large that

they can be just introduced into the mouth, answer well for sweep-

ing round the back of the throat, and several of them should be at hand.

Operations in the region of the neck.—Ether produces so much
vascular engorgement in this region that many surgeons greatly pre-

fer chloroform or the A. 0. E. mixture. Chloroform is certainly

the best anaesthetic for tracheotomy, laryngotomy, and operations

upon the thyroid gland. Cardiac depression from interference with

the vagus may arise in some cases of this class.

Operations upon the pleura or lung.—In most cases of empyema
a small quantity of the A. C. E. mixture should be first administered

on a Skinner's mask, and then ether should be slowly given from a

Rendle's inhaler. Deep anaesthesia must be avoided. If ether be

badly borne, the mixture or chloroform may be substituted. In

recent cases of empyema, with fever and cyanosis, general anaesthesia,

even of moderate degree, is very hazardous.
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Abdominal operations.—In most cases ether may be employed.
When once the patient is fully anaesthetised, Ormsby's inhaler pro-

duces better results than Clover's. Jerky breathing and venous
engorgement may be due to (1) too great a restriction of air, (2) too

much ether, or (3) some easily remedied obstruction about the mouth
or pharynx. Should any delay arise in securing tranquil respiration

or complete relaxation, chloroform should be substituted, care being

taken to administer this anaesthetic in small quantities so long as

respiration remains quick and forcible. Generally speaking, a deep
anaesthesia should be maintained throughout, in order to avoid

rigidity, retching, and coughing. In most cases of intestinal obstruc-

tion, however, a deep anaesthesia is usually contra-indicated, owing
to the patient's exhausted condition. In such cases it is important

that the head should be kept on its side throughout, for vomiting

may occur very quietly ; and if the head be in the mid-line, asphyxial

symptoms of a grave character may arise.

Operations upon the genito-urinary organs and rectum.—Very
deep anaesthesia is needed in these cases. For lithotrity and supra-

pubic cystotomy in fat or elderly subjects, the A.C.E. mixture
usually answers well.

Operations upon the brain and its membranes.—The A.C.E.
mixture or chloroform should be chosen, owing to the turgid state of

the vessels under ether. (See Method 12, page 280.)

4. The difficulties, accidents, and dangers of general
anaesthesia.

1. Respiratory.

(a) Difficulties in or failure of respiration, due to
the presence of some mechanical obstruction to the
free entry or exit of air.—Mechanically-obstructed breathing

during anaesthesia is more common than is generally supposed. As
examples the following conditions may be cited. The lips of eden-

tulous subjects may become approximated, thereby preventing

inspiration. The tongue may obstruct respiration in three ways :

it may become greatly enlarged from vascular engorgement ; it may
be drawn backwards by muscular spasm (as in deglutition) during

the stage of rigidity preceding deep anaesthesia ; or it may gravitate

towards the pharyngeal wall when the head is in the mid-line and
the muscular system relaxed. Pre-existing inadequacy of the nasal

passages greatly favours the supervention of embarrassed breathing,

especially in muscular subjects with good teeth. One of the com-

monest causes of temporarily suspended breathing is partially per-

formed deglutition, the larynx remaining pushed up against the

epiglottis. Laryngeal spasm, known by inspiratory stridor of high

pitch, is common in moderately deep anaesthesia. It is often con-

nected with the presence of a plug of mucus within the larynx or

with a small quantity of blood, and subsides after a few coughs.

The spasm may, however, be reflex—due to the operation. The
condition is not dangerous under ether ; but the impeded respiration
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to which it necessarily leads must be carefully watched when using

chloroform. Patients with enlarged tonsils should be anaesthetised

with caution, as the stertor induced sometimes passes into complete

obstruction. Among the adventitious substances which may impede
or arrest breathing may be mentioned vomited matters, blood, mucus,

pus, portions of morbid growth, extracted teeth, previously loose

teeth or tartar, and dental mouth "props."

The treatment which should be adopted for the relief of

obstructed breathing is simple. An attempt should first be made to

remove the cause. Putting aside the presence of foreign bodies,

obstructed breathing may in nine cases out of ten be immediately

relieved by pushing the lower jaw forward from behind, care being

taken to see that the teeth are not " locked." This manoeuvre not

only brings the tongue away from the pharynx, but the epiglottis

from the larynx. It may advantageously be combined with exten-

sion of the head and neck. Should it not succeed, the mouth must
be opened by means of a wedge or gag, and the finger passed to the

base of the tongue, which should be hooked forwards. Should this

not answer, the tongue must be pulled forwards vigorously with the

tongue forceps. If this produces no good effects, the chest should be

forcibly compressed from the front and sides. Lastly, should breath-

ing still remain obstructed, laryngotomy must be performed. Should
any of the foreign bodies above enumerated be the cause of the

obstruction, steps must, of course, be immediately taken for their

removal, or for the admission of air by laryngotomy. If, after a free

air-way to the lungs has been established, respiration still remains in

abeyance, artificial respiration should be performed. (Vide infra.)

(b) Threatened or complete failure of respiration
occurring independently of any mechanical obstruction.
—Respiratory failure of this kind may arise (1) from paralysis of

the respiratory centres, or (2) from spasm of the respiratory

muscles.

(1) Paralytic cessation of respiration is most commonly due to

an over-dose of the anaesthetic ; but it may be connected with inter-

current asphyxia, syncope, or morbid states of the respiratory system.

When chloroform is given in toxic quantities, the paralysis of breath-

ing which occurs is almost invariably associated with an extremely
feeble pulse and pallor ; whereas with ether the circulation is not

dangerously depressed at the moment when respiration ceases, save

in the case of patients in a very feeble state of health before the

administration.

The treatment which should be immediately adopted in paralytic

respiratory failure is artificial respiration. In minor cases, and
when the chest walls are sufficiently elastic, rhythmic compres-

sion of the thoracic parietes will suffice ; but in ordinary cases

Silvester's method should be systematically applied. The patient

should be placed horizontally, with his head over the end of the table-

or side of the bed. His tongue should be drawn out, to avoid

obstruction. The anaesthetist, standing behind his patient, should
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grasp the arms just above the elbows and press them forcibly and
steadily against the sides of the chest (expiration). He should now
slowly extend them over the patient's head (inspiration). This

double procedure should be repeated regularly about twenty times in

each minute. Care must be taken that air really enters the chest.

Should sufficient help be at hand, expiration may be assisted by
making abdominal pressure.

(2) Spasmodic respiratory failure is apparently most common
during the stage immediately preceding complete narcosis, and is

probably more liable to arise in muscular and in emphysematous
subjects than in others. It has proved fatal on several occasions,

owing to the impossibility of overcoming the rigid fixity of the chest.

It may co-exist with obstruction to breathing. Minor cases may yield

to Silvester's artificial respiration or to forcible compression of the

chest from below the costal margin or from the sides. But in the

graver forms of spasm, direct lung inflation by bellows through the

mouth or through the opened larynx appears to hold out the best

chances of success.

2. Circulatory.
There is one fact which stands out prominently in connection

with circulatory failure during anaesthesia : namely, that except when
this failure occurs as the result of the surgical procedure, it is in the

great majority of cases connected with or dependent upon em-
barrassed or suspended breathing, and must, therefore, be treated by
measures directed towards the re-establishment of respiration.

Medical literature abounds with instances of misdirected treatment.

Whilst the exhibition of such cardiac stimulants as ether, brandy,

digitalis, and ammonia may be strongly called for when the circula-

tion has been depressed from haemorrhage, shock, or prolonged

exposure, they are, generally speaking, useless in other circum-

stances : as, for example, when the patient has become asphyxiated

during the stage of excitement and struggling, or when the circulation

has suffered from the toxic effects of chloroform.

The predisposing causes of circulatory failure during anaesthesia

are :—(1) Extreme exhaustion or shock prior to the administration
;

(2) cardiac and respiratory affections, attended by impaired cardiac

action ; and possibly (3) apprehension and fear. Instances of (1)

and (2) may be found in such cases as amputation at the hip joint in

a hectic and feeble subject, primary amputations for railway injuries,

and operations upon patients with advanced heart affections, or with

pleuro-pneumonia attended by empyema and pyrexia. Whether
apprehension and fear ever really lead to syncope during anaesthesia

is very uncertain. The so-called " deaths from fright " at the

beginning of inhalation have hitherto been met with under chloro-

form, not under other anaesthetics.

Of the exciting causes of circulatory failure may be mentioned :—

-

(1) The surgical procedure itself; (2) any pronounced asphyxial

conditions
; (3) the administration of toxic doses of the anaesthetic ;

and (4) the act of vomiting.
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(1) The surgical procedure must be regarded as one of the most
frequent causes of circulatory depression during anaesthesia. When
haemorrhage is profuse or protracted, when the patient has been
lying exposed for a long while upon the operating-table, or when
operations are being performed in the neighbourhood of the vagus
or solar plexus, all grades of surgical shock may be recognised,

however carefully and skilfully the anaesthetic may be given.

Symptoms attributable to these causes usually come on more or less

gradually, though they may (as in the case of vagal irritation) be so

sudden as to be indistinguishable from those attending the gravest

forms of syncope due to an excessive dose of chloroform. Generally

speaking, the pulse becomes weaker and quicker, the face pale, the

eyelids more and more separated, the extremities cold, and the pupils

dilated. As a rule, respiration is but slightly affected. In minor
cases of surgical shock the anaesthetic should be sparingly given, the

head kept low, the body warm, free respiration encouraged, and an
enema of hot brandy and water administered. Should the patient

be able to swallow, the mouth may be kept moist and the lips rubbed
with the corner of a towel soaked in brandy and water. In cases

presenting more or less sudden symptoms under chloroform, it is best

immediately to lower the head, raise the legs, and, if necessary,

perform artificial respiration. Cloths wrung out in very hot water

applied to the cardiac area will sometimes act beneficially in pro-

moting circulation. Strychnine and digitalis may be given with

advantage in cases which are not attended by too urgent symptoms
(n\ij of the liq. strychninae hydrochlor. and v\y of the^tinct. digitalis,

hypodermically). The hypodermic injection of ether is not likely to

be of any service if that anaesthetic is already present in the circula-

tion ; but in surgical shock which has arisen under chloroform, ether

will produce improvement in the pulse. The intravenous injection

of saline solution (5j of common salt to Oj of water) has also proved

successful in some cases.

(2) The term asphyxial syncope may be applied to circulatory

failure following arrested breathing. In these cases the cyanosis

produced by the impaired or suspended respiration gives place, with

various degrees of rapidity, to pallor and cardiac failure. Errors

have frequently been committed in regarding the circulatory de-

pression as the primary factor, the observer having overlooked the

initial respiratory symptoms. Other things being equal, feeble

patients are more liable than others to succumb to asphyxial syncope
;

but the most healthy and vigorous subjects are by no means free

from this liability, more particularly when chloroform is employed.

This is owing to their being prone to muscular rigidity and suspended

breathing during the so-called " struggling " stage of the administra-

tion. The circulation at the time when the muscular spasm occurs

contains a considerable quantity of chloroform ; absorption from the

pulmonary passages continues to take place, although respiration is

in abeyance ; the right heart becomes more and more engorged from

the asphyxia] condition ; all the cardiac cavities dilate ; the blood
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pressure rapidly falls ; and the heart ceases to beat. It is an
interesting and significant fact that vigorous patients do not die

under ether during the struggling stage, although respiration is just

as, or even more, liable to become arrested, the stimulant effect of

this anaesthetic apparently sufficing to keep the circulation going till

respiration becomes re-established. Extremely feeble and exhausted

patients may, however, fall victims to asphyxial syncope even under
ether. This agent protects, as far as any anaesthetic can protect, against

cardiac failure ; but the heart may be so feeble that a comparatively

slight impediment to free respiration may arrest it. In cases of

strangulated hernia, for example, the temporarily arrested breathing

incidental to vomiting may be sufficient to lead to syncope ; and a

similar sequence of events sometimes occurs in cases of empyema, the

determining cause of the symptoms being respiratory embarrassment,

arising either before the patient is fully anaesthetised, or subsequently

when the operation is proceeding. The all-important point in

connection with cases of this group is the uselessness of devoting

time and attention to the re-establishment of the circulation without

first restoring respiration.

(3) Circulatory failure from an over-dose of the ancesthetic takes

place after complete anaesthesia has become established. When
nitrous oxide or ether is given in toxic quantities to moderately

healthy patients, respiratory paralysis ensues, cyanosis becomes
marked, and the pulse, after a considerable interval, ceases to beat.

The administration of an over-dose of chloroform, however, has a

somewhat different effect, for the reduction of blood pressure and
cardiac action becomes so conspicuous a feature of the case that,

when respiration ceases, an ashy pallor rather than cyanosis is

present, and there is little or no interval between the cessation of

breathing and the disappearance of the pulse. Moreover, in some
cases the circulatory phenomena of chloroform poisoning may over-

shadow the respiratory, pallor and heart failure being evident whilst

respiration is still proceeding. But whilst we have in nitrous oxide

and ether agents which, when given in toxic doses, do not depress the

circulation of healthy patients to the extent which is observed with
chloroform, it must be borne in mind that in exhausted subjects the

use of nitrous oxide or ether in toxic quantities may be followed by
rapid circulatory failure, similar in its main features to that met with
when an over-dose of chloroform is given to a patient in good health.

The treatment of all cases in this class is the same : namely, to pro-

ceed at once to artificial respiration, with the object of restoring the

pulmonary circulation and of ridding the blood as quickly as

possible of the poison which it has absorbed. Partial or complete

inversion (Nelaton) may advantageously be combined with artificial

respiration in some cases. Direct compression of the heart from
below the thoracic margin is said to have been successful in a few
instances ; but any procedure of this kind should only be undertaken
as an adjunct to artificial respiration.

(4) Circulatory depression connected with vomiting is more
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common under chloroform than under other anaesthetics. Directly

the stomach has ejected its contents, the colour of the face returns,

and no further trouble ensues. The cases of fatal vomiting syncope
have in all probability arisen from the temporary asphyxia, inci-

dental to vomiting, acting upon a feeble heart.

5. The after-condition of the patient.

It is veiy exceptional for the administration of nitrous oxide to

be followed by any unpleasant after-effects. Headache, nausea, and
vomiting may, however, occur, and are more prone to do so if the

gas has been given very soon after a full meal, or if a double

inhalation has been found necessary.

After the use of chloroform or ether for a surgical operation, the

patient should, whenever practicable, be turned upon his side, and
then left perfectly undisturbed. In this position stertor will sub-

side, mucus and saliva will drain away, and irritative cough will be
prevented. The anaesthetist should remain by his patient till the

conjunctival reflex has become fully established, and till respiration,

which is liable to be interfered temporarily with during vomiting,

has become regular and quiet. The room should be kept dark, noise

prevented, visitors excluded, and sleep encouraged. Ether is more
frequently followed by nausea or vomiting than chloroform, although

the worst forms of persistent vomiting seem more common after

chloroform. Elderly persons suffer but little ; whilst florid young
men and young women are frequently greatly distressed. Alcoholic

patients quickly recover consciousness, and may display surprisingly

few symptoms, even after protracted anaesthesia. The mucus
ejected after ether is frequently bile-stained ; but it may be
brownish (simulating beef-tea) from a minor degree of congestive

heernateniesis.

The patient's feelings are usually the best guide as to the in-

terval which should elapse before nourishment is taken. As a rule,

nothing should be allowed for about four hours, when some clear soup
may be given. After short administrations, some tea or coffee with
dry toast is usually permissible at the end of three hours.

As to the treatment of distressing nausea and vomiting after

ether or chloroform, it is best, in the first instance, to give draughts

of very hot water, two or three ounces at a time, at intervals of a

quarter or half an hour. Should this fail, hot strong coffee, without

milk or sugar, or some hot water with gr. 10 of bicarbonate of soda dis-

solved in it, may be tried. Small doses of oxalate of cerium have
proved useful in obstinate cases. The disagreeable taste left by
ether is best relieved by allowing the patient to suck a very thin

slice of lemon from time to time.

Tracheitis, bronchitis, pulmonary oedema, hemiplegia, albu-

minuria, nephritis, uraemia, glycosuria, various forms of insanity,

fatty degeneration of the heart and other viscera, and jaundice,

have one and all followed the use of anaesthetics. These sequelae,

however, are very rare.
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II. LOCAL ANAESTHESIA.

For the great majority of surgical operations, general anaesthesia

is undoubtedly preferable to all other means of preventing pain.

But there are, nevertheless, numerous cases in which local -anaesthesia

offers such advantages that general anaesthetics are now rarely

needed. Then there are cases in which the advantages of the one
system are so equally balanced by those of the other, that one
surgeon will prefer a general, another a local anaesthetic. And
lastly, in exceptional circumstances, for example, when a patient

displays an insuperable objection to losing consciousness, when a

brief operation has to be performed upon a patient whose condition

is such that the risks of a general anaesthetic are very considerable,

when ether or chloroform cannot be obtained, or when no assistance

is at hand, local anaesthesia may prove of great service.

Of the means which have been adopted for the production of

local insensibility to pain, two only are sufficiently reliable to merit

consideration. These are (1) the employment of cocaine, and (2)

the application of some frigorific process by which the part involved

becomes numb and more or less completely anaesthetised.

1. Cocaine.

(a) Properties and local action.—Aqueous solutions of

the hydrochlorate, of various strengths, are generally employed.

They should either be freshly prepared, or should contain boracic

acid, saccharine, corrosive sublimate, or salicylic acid in small pro-

portions, to prevent the growth of fungus to which unprotected

solutions ai'e otherwise liable. Experience has shown that when-
ever the drug can be so applied that it conies into contact with
sensory nerve-endings, these become temporarily paralysed, and an
analgesic area results. Solutions applied to the conjunctiva or to

the mucous membrane of the nose, throat, or larynx, quickly render

the part insusceptible to pain, and a similar though not so satis-

factory a form of analgesia follows the application to the mucous
membrane of the genito-urinary passages and rectum. The skin can

only be thoroughly anaesthetised when the solution is subcutaneously

injected. Solutions of cocaine produce vaso-motor constriction over

the area to which they are applied, a point of some importance in

those surgical operations in which an anaemic state of the part is

desired.

(b) Indications, contra-indications, and modes of
application.

Ophthalmic surgery.—In the large majority of cases cocaine

answers remarkably well. It cannot be relied upon in operations

upon young children and very nervous subjects ; when any inflam-

matory condition of the eye is present ; or when the operation to be

performed involves sensitive parts to which the drug cannot obtain

K
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access. A 5 per cent, solution is usually employed for instillation,

though weaker or stronger solutions may, in certain cases, be advis-

able. n\j of a 5 per cent, solution should be dropped into the eye

every minute for ten or fifteen minutes, till the fixation forceps can be

borne without pain. Wafers containing gr. -~^ of the hydrochlorate

of cocaine are useful (Carter and Frost). For cataract operations

both eyes should be cocainised, even though one eye only is to be

operated upon. For squint operations it is usually necessary, after

the preliminary instillation, to inject a minim or two of a 5 per cent,

solution beneath the conjunctiva in the neighbourhood of the muscle

requiring division. The eye should be kept closed after instillation,

to prevent corneal desiccation.

Intro-nasal,pharyngeal, andlaryngeal surgery.—Cocaine is equally

valuable in most minor operations within the nose, throat, and larynx.

It is not to be relied upon when the parts are inflamed ; it is not a

suitable anaesthetic for the removal of post-nasal adenoid growths ; and
for the removal of tonsils many surgeons prefer a general anaesthetic.

Analgesia may be produced (1) by directly applying a solution of

the drug by a camel-hair brush or with pieces of absorbent cotton-

wool twisted round the end of a probe, or (2) by means of a spray,

the atomised solution being projected into the nose or throat. In

the former method, which is usually adopted for intra-nasal opera-

tions, cauterising turbinated bones, removing " spurs," etc., a 10 per

cent, solution is commonly employed, though it may be necessary to

use a 20 per cent, solution, or even to add a few crystals of the salt

to the wet wool or brush. In the latter method, which is especially

serviceable for operations within the pharynx and larynx, a 3 per

cent, or 5 per cent, solution will suffice for children ; whilst for

adults a 10 per cent, solution should be used (Hovell). For ex-

amining a sensitive naso-pharynx with the finger, a 2 per cent, to

a 5 per cent, solution sprayed through the nose, so as to fall on the

posterior surface of the soft palate, answers well ; or the naso-

pharynx and soft palate may be painted by a brush bent at right

angles. Tonsils may be removed either after they have been painted

or sprayed by the solution. When the part to be operated upon is

congested, some difficulty may be experienced in obtaining anaesthesia,

and stronger solutions than usual may be required.

Urinary and bladder surgery.—In certain operations and mani-

pulations within the urethra and bladder, cocaine is sometimes em-

ployed ; but as it is difficult or impossible to inject a solution beyond
the membranous portion of the urethra without employing a catheter,

a general anaesthetic should be used if absolute freedom from pain

is desired. For catheterisation and similar procedures, from half to

two drachms of a 5 per cent, solution should be injected into the

urethra. A similar solution is employed for injecting into the

bladder when it is desired to render the mucous membrane of that

organ insensitive.

Dental surgery.—Cocaine is of great value in scaling, separating,

examining, or treating sensitive pulps, etc., solutions of from 5 per
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cent, to 20 per cent, being employed. The drug is also very useful

in relieving the pain of dental periostitis, a small piece of blotting-

paper soaked in a 10 per cent, solution being applied to the gums
adjacent to the offending root. Cocaine is far inferior to nitrous

oxide as an ansesthetic for tooth extraction. Should local be pre-

ferred to general anaesthesia in any particular case, two or three

injections, representing in all not more than gr. J of cocaine, should

be made adjacent to the roots of the tooth (Hern).

Other surgical operations.—The pain occasioned by the repeated

introduction of the hypodermic syringe, the uncertainty of the pro-

cess in many cases, the possibility of struggling, emotional disturb-

ances, or toxic symptoms arising, and the repugnance which most
patients feel to retaining consciousness during surgical operations,

have combined to retard the advance of cocaine into the domain of

general surgery. But there may be exceptional circumstances in

which cocaine analgesia is called for. A solution of 2 per cent.

(Reclus) will be found to suffice for most cases. The part to be

operated upon, as well as the hypodermic syringe, should be scrupu-

lously clean, and rendered aseptic by the customary methods. The
patient should be recumbent, and his face covered with a light

handkerchief. When evidences of feeble circulation or great nervous-

ness are present, a small quantity of brandy or sal volatile may be

given. Whenever practicable, the part to be operated upon should

be rendered bloodless, as suggested by Corning, by bandaging and
the application of an elastic cord or tape. This has the effect of

increasing the local and lessening the general action of the cocaine,

and when the cord or tape is removed any remaining cocaine is

carried off by the haemorrhage which occurs. The punctures of the

hypodermic needle may be rendered painless, if desired, by the use

of ice, ether spray, or chloride of ethyl. Care should be taken to

avoid blood-vessels when injecting. Reclus places the maximum of

cocaine for each operation at from gr. J to gr. ij. He uses a

(Pravaz's) hypodermic syringe with a long fine needle, and advises

that the solution should be injected whilst the syringe is being with-

drawn, so as to leave long ansesthetic tracks subjacent to the proposed

skin incisions. When the skin has been anaesthetised, the deeper

tissues must be injected or subsequently cocainised during the

operation.

Dr. Coppinger, of the Haslar Hospital, who has used cocaine in-

jections extensively, considers the following conditions to be essential

:

—(1) The punctures should be made through healthy non-inflamed

skin or mucous membrane
; (2) The solution should be injected into

the cellular tissue, the point of the needle being felt to move freely

before the piston is pressed
; (3) There should be an interval of ten

minutes before the operation is commenced. Dr. Krozius, in an
interesting paper, urges that in some cases it is possible, by in-

jecting the cocaine solution into the neighbourhood of a nerve trunk
along a line at right angles to the axis of the limb, to produce
" peripheral analgesia," not only of the skin, but of other structures

K 2



292 ANESTHETICS.

over the area supplied by the nerve. He agrees with Reclus that a

2 per cent, solution is quite sufficient.

(c) Systemic effects of cocaine.—The local application of

cocaine is not infrequently attended or followed by symptoms point-

ing to its absorption into the general circulation. Such symptoms
are most likely to arise when the drug has been injected directly

into a blood-vessel or into a highly vascular part. There is good
reason to believe that many of the alarming symptoms which have
attended the use of cocaine have either been due to unnecessarily

large doses, to impurities in the solution employed, to want of

proper antiseptic precautions in introducing the cocaine, or to

psychical causes unconnected with the action of the anaesthetic.

Reclus, who collected and analysed seventeen fatal cases of cocaine

poisoning, came to the conclusion that in all cases an excessive dose

had been used. But it must not be forgotten that patients display

very great differences in their behaviour with cocaine, toxic symp-
toms having undoubtedly arisen on many occasions from simply

painting or spraying a mucous surface with comparatively dilute

solutions. Amongst the phenomena which have been recorded are :—
Headache ; vertigo

;
pallor ; a cold, moist skin ; a feeble, slow, or

rapid pulse, becoming imperceptible in grave cases ; incoherence of

speech ; nausea ; vomiting ; unconsciousness ; trismus and other

muscular spasms; epileptiform attacks; dilated or unequal pupils;

and disturbances of respirations culminating in dyspnoaa and
asphyxia.

In the treatment of cocaine poisoning, the first indication, as a

rule, is to restore the circulation. The patient, if not already lying

down, should at once be placed horizontally, and some rapidly acting

stimulant, such as brandy, whisky, or sal volatile, administered.

A hypodermic injection of ether is an excellent remedial measure.

The patient should be kept warm, the respiration watched, and any
tendency to failure of breathing met by artificial respiration. Nitrite

of amyl, nitro-glycerine, and chloral have each been used with

success.

2. Fbigorific Processes.

When heat is rapidly abstracted from the skin, mucous mem-
branes, or other parts, by one of the following processes, partial or

complete congelation of the tissues takes place, and, owing to the

sensory nerve-endings becoming paralysed, analgesia occurs. Fri-

gorific analgesia is of most value when simple cutaneous incisions or

punctures have to be made. There are, however, several objections

to the employment of cold as an analgesic agent. The natural

appearances of the parts are altered ; operative procedures upon the

frozen tissues are difficult of execution ; and the process of thawing

is often attended by considerable pain.

The ether spray.—A special apparatus, consisting of indiarubber

hand bellows, tubing, and an atomiser, is needed. Sir B. W.
Richardson, the originator of the method, prefers equal parts of
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anhydrous ether and of rhigolene (crude hydride of amyl) to ether

itself. It is said that when ether containing carbolic acid (five

grains to five fluid ounces of ether) is used in the form of spray,

analgesia occurs before the skin becomes hard, so that the manipula-

tions of the surgeon are less impeded than in the case of the ordinary

ether spray.

Ethylchloride.—This appears to be the most efficient of all the

frigorific liquids which have been used for producing local anaesthesia,

owing to its very low boiling-point (50° Fahr.). It is supplied in

convenient cylindrical glass tubes with fine metal nozzles, and the

heat of the hand suffices to project a jet of the chloride of ethyl

on to the surface to be anaesthetised.



XV. SUKGICAL DISEASES DUE TO MICBOBIC
INFECTION AND PAEASITES.

By GEORGE HENRY MAKINS, F.R.C.S.,

Assistant Surgeon to St. Thomas's Hospital ; Surgeon to the Evelina
Hospital for Children.

U_

I. POST-MORTEM WOUNDS.

Etiology.—The frequent occurrence of local or general septic

infection amongst those employed in making autopsies has led

to the use of the above name for a certain class of wounds
followed by severe general and local symptoms. Similar infections,

however, may be incurred by the surgeon, the symptoms of which
differ in no way from those of the classical post-mortem wound. The
special characters of these cases do not depend on any one specific

organism, but probably on several ; and this view is supported by the

general resemblance of the local process to that observed in cellulitis

from other causes. Individuals differ greatly in susceptibility to

these infections, and beyond this, a certain immunity seems to be

acquired by those habitually employed in the dead-house ; such men
are rarely attacked, the commoner victims being the new hand or

the unaccustomed student. Common experience, however, while nega-

tiving the presence of a single specific virus, offers striking evidence of

the special dangers dependent on the handling of the bodies of sub-

jects who have died of pyaemia, septicaemia, or peritonitis ; from in-

fection from such sources the most serious forms of post-mortem

wound have been seen to result.

Fresh corpses, again, are by far the most dangerous, the post-

mortem room furnishing the cases in which both local and general

symptoms reach their extreme degree; while infections from the

dissecting-room are usually followed by moderate local reaction and
slight general symptoms. A wound is the commonest mode of infec-

tion, and this is often of a trifling nature. Severe wounds usually

bleed, and thus the poison may be removed ; and again, the discomfort

accruing from them leads to more thorough disinfection, and probably

cessation of work. Pre-existent abrasions, or wounds of a slight

nature, unaccompanied by pain or haemorrhage, are a much more
fertile source of trouble. The most striking characteristics of the
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acute cases are the early advent of general symptoms of septic

poisoning, the rapidity with which the local process spreads, the
tendency to early suppuration, often of an incomplete nature, and
the sloughing of tissue.

Symptoms.—These may be either acute or chronic ; while the
acute cases must be again subdivided into those in which general or

local manifestations take the first place.

(1) Acute septic intoxication.—This form—happily, the

rarest—resembles closely the similar condition occasionally noted

after a wound of the abdomen involving the peritoneal cavity.

The general symptoms consist in pain in the part, and the rapid

supervention of collapse, as evidenced by pallor, failure of the general

circulation, with rapid small pulse, restlessness, twitchings, delirium,

rise of the general temperature, followed by unconsciousness, and
death probably on the second day. The local signs are often slight

:

probably by reason of the abrogation of the general nutritive

functions. The wounded spot may become slightly cedematous, and
a small vesicle not infrequently marks the seat of primary inocula-

tion ; but otherwise, no marked local changes occur.

(2) Acute cellulitis, accompanied by symptoms of
general septic absorption.—The local symptoms here take the

foremost place. The upper extremity is almost without exception

the part affected, punctures of the fingers or scratches on the backs of

the hands from the ends of the ribs being common starting-points.

The first symptoms are malaise and local pain of a severe cha-

racter at the point of inoculation. These are followed by rapid

swelling and the formation of pus often during the first twelve hours ;

general rise of temperature to 103° or 105° F., often heralded by
rigor and sickness, and acceleration of the pulse-rate.

The further progress of the case varies considerably, either as

result of the nature of the poison inoculated, or of the peculiar sus-

ceptibility of the individual affected. In some cases gangrenous

boils or pustules only develop, these being, however, often very

chronic in their course. In other slighter cases a red line marks the

spread of infection by the lymphatic vessels, and the glands in the

axilla become swollen and tender. The process may then rapidly

subside, with or without the development of a glandular abscess.

The lymphatic glands here act as an effectual safeguard against

general infection, probably seconded by a normal resistance on the

part of the individual constitution. In the course of a week such

an infection may leave little behind it beyond a certain amount of

weakness, consequent on the general febrile disturbance. Such is the

variety usually observed in the dissecting-room.

In the more serious cases, which are far from uncommon, both

the local process and general symptoms take on a graver aspect.

A sevei-e cellulitis rapidly spreads from the seat of infection,

involving the fore-arm, the arm, and in the most grave cases the

trunk also.

The local signs, however, again differ ; the cellulitis may be of
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the hard brawny type, with much pain, tension, and redness ; or the

limb may be simply swollen, pale, and oederuatous. This is probably

in part dependent on the nature of the poison and the condition of

the individual, and in part on the depth and situation of the wound.
With regard to the latter points, it is, no doubt, of importance as to

whether the wound has passed the limits of the subcutaneous

areolar tissue, and whether the wound be on the dorsal or palmar
aspect of the hand. The process, as it spreads, passes most rapidly

along the perivascular planes of areolar tissue and the synovial

sheaths of the tendons. Deep wounds affect the subfascial structures

of the limb ; and the comparative depth of the tendon sheaths, and
more composite arrangement of the structures of the front of the

fore-arm, render wounds of the flexor aspect more dangerous and
more difficult to heal.

The advent and nature of suppuration vary. In some of the

worst cases incisions allow the escape of serum, or, at the most,

of very ill-formed pus, and the wounds have a gelatinous appearance.

In others acute suppuration is noted on the first or second day, and
is abundant. On the whole, the latter is by far the most favourable

condition, as it much more commonly tends to limit itself by the

eventual formation of an efficient barrier of inflammatory exudation.

The local signs are accompanied by general symptoms of varying

intensity. In all cases the temperature rises, reaching 102° or

103° F. The patient is often constipated; the tongue is foul, rapidly

becoming dry and brown ; and in the fatal cases sordes may appear

upon the lips. There is complete loss of appetite, and sickness may
be troublesome. The patient complains of headache, general malaise,

and sleeplessness, often much aggravated by the pain in the limb,

and delirium is common. The urine is scanty, high-coloured, and
often contains albumen. The further course may be towards resolu-

tion, or the local and general symptoms may progress, and the

patient will die of septicaemia, exhaustion, or of pyaemia. With
regard to the latter termination, it must be borne in mind that

definite signs of pyaemia may appear late in the case, often after

the opening of abscesses in connection with the local process. Thus,

in a case recorded by Billroth signs only appeared two months after

an infection from a case of uterine carcinoma; and in the case of one

of the post-mortem clerks at St. Thomas's Hospital Medical School,

acute pyaemia developed after the opening of an abscess subsequent

to a lymphangitis fourteen days after the primary inoculation.

The prognosis in these cases mainly depends on the constitution

of the individual, and on the condition of the patient on the third or

fourth day. If general symptoms continue grave after this date,

a serious issue is only too often to be apprehended. A severe attack

usually leaves a lasting mark on the constitution of the patient.

Treatment.—Prophylaxis is naturally of the first moment

;

and it cannot be too strongly urged that in no case should a

post-mortem examination be performed by anyone with a wound
on his hand, particularly in that most dangerous region, the margin
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of the nail bed. Secondly, it must be borne in mind that a wound
even is unnecessary for infection, but that the sebaceous or sweat
follicles may serve as points for inoculation ; and this emphasises the

need for properly smearing the hands with a suitable ointment before

performing an autopsy of any kind.

If a wound, of however slight a nature, be suffered during the

performance of such work, the part should be bound round above,

to encourage bleeding, thoroughly washed in an antiseptic solution

—

the best being 1 in 20 carbolic acid—and the wound sucked, farther

performance of the work being discontinued. It is only to be wished

that the latter part of the above advice could be giveD to the surgeon

also; but naturally, an operation must be finished. One can only say

in such a case that the utmost care must be observed.

General treatment.—The subjects of these wounds need sup-

port by frequently-administered fluid nourishment and the free

exhibition of stimulants, of which, perhaps, brandy is the best. In
cases of threatening septic intoxication, stimulants are the only hope

—

and that a slight one. Quinine may be given in large doses (grs. v or

more) in the early stages, when the temperature is high. Later, iron,

in the form of Tr. ferri perch., is useful. The bowels must be kept

acting regularly; and if diarrhoea is present, it must be checked—most
usually by the use of opium. An efficient method of administration

in such cases is often a starch enema, with Tr. opii Vl\xx ; or better,

a | or | grain morphia suppository. Subcutaneous injections of

morphia are usually needed to relieve pain and procure sleep.

Local treatment.—The limb should at once be enveloped in a

warm dressing with lead lotion, and if signs of serious cellulitis

appear, the use of a hot mercurial bath (1 to 5,000) should be at once

commenced. This is better employed for periods of one or two hours

at intervals, alternating with a warm dressing,than continuously. If

there be any objection to the use of mercury, boracic acid may be

substituted. Great care must be taken to sling the limb with strips of

bandage, so as to avoid any constriction of the upper part by allowing

it to rest against the edge of the bath. Early incisions are needed to

lower tension, relieve pain, and to allow the exit of pus. These
should be sufficient in size and number to effect their object, but
especial care should be taken not to carry them beyond the affected

area, and not to incise the deep fascia when the subcutaneous tissue

only is affected, or the surgeon may become responsible for consider-

able, even fatal, spread of the process. Ample nourishment and
change of air and surroundings are most necessary during convales-

cence from an illness of this nature.

II. ANATOMICAL OR BUTCHERS' TUBERCLE.

Manifestations.—The hands of persons habitually employed in

the manipulation of corpses of either men or animals not infrequently

become the seat of a chronic thickening known under this name.
Its resemblance to lupus early gained for it the name of lupus

K*
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anatornicus (Roser) ; and later observations have shown the condition

in some cases to be an actual local inoculation of the tubercle bacil-

lus. The absence, however, of instances of generalisation goes far to

negative the view that all cases are of a specific nature, the majority,

no doubt, being a result only of irritation from frequent contact with
putrid animal matter, in some degree resembling the chronic form
of eczema often seen on the backs of the hands of plasterers.

The commonest seat of the disease is the thin skin of the backs
of the hands, especially over the metacarpal phalanges ; similar

thickenings are often also met with at the margins of the nails ; and
it may be noted that a corresponding thickening is often observed in

old cicatrices of trivial wounds incurred in post-mortem work.

The cutaneous papillse become enlarged in circumscribed limits,

forming small areas, the surface of which is uneven, covered with a

thick slightly opaque layer of epidermis, of a bluish-red colour.

These areas are often tender on pressure, readily become ex-

coriated when serum exudes and forms a scab, and they may some-

times bleed from slight injury. They are usually on the back of the

hand ; much more rarely the fore-arm may be affected.

When the borders of the nails are affected, an isolated nodule

usually exists, bluish-red in colour, tender on pressure. It evidently

affects the skin only, and resembles somewhat a small epithelioma.

The course of all such cases is very chronic and they tend to get

well if the exciting work is discontinued.

Treatment.—In some instances protection of the hand is all that

is needed to effect a cure. In more obstinate cases isolated nodules

are best treated by the application of acid nitrate of mercury or

strong nitric acid. When the backs of the hands are extensively

affected, scraping with the sharp spoon is the most effective form of

treatment.

III. INSECT STINGS.

Varieties.—Many familiar insects attack man, but except

in special circumstances the symptoms are of slight surgical im-

portance. As a rule, the bites of flies cause merely slight swelling

and redness : even the tsetse fly of Africa, which renders the keeping

of animals impossible, in man gives rise only to a wheal, which has

been likened to a mosquito bite. In situations such as the eyelid,

where loose subcutaneous tissue exists, oedema may be considerable,

and this may be developed even in the limbs if the bites are multiple.

It must be borne in mind, however, that flies especially may be the

carriers of specific virus, and that when they have come direct

from putrid animal matter, cellulitis or severe local inflammation

may result from their bites. Flies are probably sometimes the

bearers of the virus of anthrax, and the important rdle played by

the mosquito in the development of filarise will be again referred to.

Some varieties of spider are decidedly venomous : thus Aranea

nedecius in Italy and Aranea mactans in South America give rise

in persons bitten by them to severe headache, pain in the back, a
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feeling of weakness, cramps, dyspnoea, and a sense of constriction

around the chest. These symptoms last twelve to fourteen hours,

and have been known to be followed by death.

The stings of bees, tuasps, and hornets give rise to more severe

symptoms than the bites of flies, especially when the insect is in an
excited state. Burning pain is the immediate result, and this may
be followed by more or less cedematous swelling. The pain is the

more severe when the sting and poison sac of the insect remain in

the wound; but pain and swelling usually subside rapidly when these

are removed. Multiple stings, if numerous, may be more serious,

producing more or less collapse ; or even death from cardiac paralysis.

The locality of the sting is also of importance : thus stings of the

eyelids cause much swelling, and those of the fauces, mouth, and
tongue, sometimes resulting from the introduction of the insect with

fruit, may give rise to troublesome oedema of the tongue or larynx.

Treatment.—The treatment of fly bites seldom needs to consist

of more than the application of lead lotion ; a weak carbolic lotion

gives rapid relief in cases of mosquito bite. For stings, the appli-

cation of an alkaline lotion, preferably weak liquor ammonise or sal

volatile is the best treatment. Swelling may be treated with lead

lotion. Symptoms of collapse such as follow some spider bites and
stings, indicate the exhibition of stimulants. Alcoholic patients fre-

quently suffer more severely from insect stings than healthy persons.

IV. SNAKE BITES.

Poisonous snakes.—The occurrence of venomous snakes in the

United Kingdom is practically limited to the common adder (Pelias

berus) ; in Australia the brown snake (Diemenia superciliosa), the

tiger snake (Hoplocephalus curtus), the black snake (Pseudechis

porphyriacus), and the death adder (Acantophis antarctica) ; in

India the cobra (Naja tripudians) and various species of vipers
;

and in America the rattlesnakes (Crotalus adamanteus, durissus,

horridus, and miliarius), and the mocassin (Ancistrodon piscivorus),

are more or less common.
Venomous snakes are provided with a pair of glands situated at

either side of the lower jaw, much resembling the parotid in position.

Ducts extend from these glands to specialised teeth, either grooved or

canalised to their apices, by means of which the poison is introduced

into the wound. The teeth or fangs—iisually two in number—are

long and curved backwards ; but in snakes a special mobility of the

upper jaw allows the fangs to be pressed vertically in the wound,
while the poison is expressed by the special crotaphite muscle, which

partly crosses the gland, aided by the musculature of the jaws. The
wounds produced are double, pass vertically inwards ; and in the case

of large snakes the muscles are often penetrated, the depth of the

wound depending not only on the muscles of the jaw, but also on
the weight of the reptile and consequent force of impact with the

victim.
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The poison is a transparent, yellowish, somewhat sticky fluid, of

faintly acid reaction when fresh, and containing water, albumen, fat,

salts, and a peculiar poison, possibly of the nature of the albumoses.

It acts more powerfully on small than on large animals, and children

are more dangerously affected than adults. Bites implicating large

veins are followed by the most rapid and severe symptoms.
The morbid lesions found in fatal cases are—cougestion of the

lungs and brain probably due to the difficulty in respiration, and in

some snake bites local blood extravasations and congestion of the

interna] organs evidenced during life by vomiting of blood and
passage of blood with the urine or fasces are special features. The
blood is frequently incoagulable.

Symptoms.— Either at once, or after a few hours, the patient

becomes anxious, faint, breathes with difficulty, experiences, nausea,

or vomits. Jn the slighter cases these symptoms may pass off'. In
severe cases, a cold clammy sweat breaks out, the pupils dilate,

motor functions are more or less completely abrogated, delirium

supervenes, followed by coma, and the patient dies of syncope, from
cessation of the respiratory movements, or from collapse. The local

effects of the poison are mainly the production of intense hyperemia
of the subcutaneous connective tissue, accompanied by pinkish

oedema often following the course of the efferent blood-vessels, and
more or less extensive blood extravasation (Wall).

Locally, the two openings with ecchymosed margins are found

;

there is severe pain and swelling, at first limited, but rapidly extend-

ing. When the bite is severe, and a large dose of the poison has

been introduced, the part falls in temperature, and spots of ecchy-

mosis, or more or less extensive gangrene, appear. In 94 per cent,

of all cases the bites are found on the extremities ; in some snakes,

notably the cobra, the fang punctures are so minute as to need

careful searching for.

Certain variations in the effects produced by the bites of different

snakes have been noted ; thus, in Australia those of the brown and
tiger snakes are especially followed by disturbance of the motor
functions, and that of the tiger snake by vomiting of blood. Black

snake bites are characterised by anaemia, due to the collection of

blood in the vessels of the abdominal viscera, and those of the death

adder by local blood extravasation. In India, cobra bites are

followed especially by respiratory symptoms, glosso-labio-laryngeal

paralysis, salivation, and other indications of hyper-secretion ; those

ef Bungarus fasciatus, another variety of colubrine snake, by slow

development of symptoms, an interval of two to five days elapsing

before their appearance, and those of the vipers by great pain,

extensive blood extravasations, and sanious excretions.

Treatment.—The local treatment consists first in the application

of an elastic ligature above the wounded point, to prevent as far as

possible diffusion of the poison into the general circulation. In all

severe cases it should be borne in mind that suction is of no avail

for the extraction of the poison, but the wounds should be at once
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laid open and the whole of the hypersemic and oedematous area
excised. The raw surface should then be thoroughly treated with a
solution of permanganate of potassium, which, when directly mingled
with snake poison, destroys it by oxidation (Wall). Calmette's ex-

periments show that snake poison is also rapidly rendered inert

by the local application of a solution of hypochloride of lime. The
general treatment consists in combating the collapse with stimulants.

Specific forms of treatment have been sought in the subcutaneous

injection of ammonia and permanganate of potassium, but have
proved of no avail. In Australia the administration, hypoder-

mically, of strychnia in large doses appears to have been fol-

lowed by successful results. It is given on the theory that it acts

in direct antagonism to the snake poison ; and hence it is claimed

that large doses are necessary, and that poisonous doses are

innocuous in persons suffering from the effects of snake venom.
In patients over fifteen, 10 to 25 minims of the liquor strychninse,

gr. ^'5
- to * of the British Pharmacopoeia, are injected, and, as a rule,

not more than half a grain of strychnia is needed. The rule laid

down is that sufficient must be given to ensure the symptoms of

Snake poison being overshadowed by those of the drug ; and re-

petition of the injections is indicated by any relapse in the symp-
toms (Mueller). The treatment is now under trial in India under
the auspices of the Government.

J n support of this method of treatment, putting aside the ques-

tion of specific antagonism, may be mentioned the well-known action

of strychnine in improving the respiratory movements in cases of

failing respiration during anaesthesia produced for surgical purposes.
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V. HYDROPHOBIA (RABIES).

iEtiology.—This is a disease the primary occurrence of which is

almost entirely limited to the dog, but is communicable by inocula-

tion to other animals and to man.
The disease, no doubt, depends on a specific virus, which, how-

ever, has not up to the present been isolated. The experiments of

Pasteur show that the virus and its products tend to accumulate
chiefly in the nervous system, whence it can be readily obtained, and
other animals inoculated. Further, material obtained from this

source by a treatment of desiccation can be so modified as to be
capable of employment as a preventive agent. Prolonged desicca-

tion renders the virus inert.

Although occurring in other animals than the dog, the majority

of these suffer from the result of a dog's bite ; and the tendency of
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the rabid dog to attack his own species accounts for the large

number of cases observed in the canine race. Cats, wolves, foxes,

and large animals, such as horses, cows, deer, etc., not uncommonly
suffer. Fleming has shown that the normal proportion of dogs

affected to other animals in Great Britain is from 90 to 96 per cent.

Mode of infection.—A breach of surface is necessary for the

introduction of the virus ; a bite is the ordinary source, and this

need not exceed a superficial cutaneous abrasion in severity. The
'

infecting fluid is, almost without exception, the secretion of the

mouth, fauces and salivary glands, but the blood may be the carrier

of infection ; and a case has been placed on record in which a

veterinary surgeon acquired the disease in making a post-mortem
examination.

A large number of persons bitten by rabid dogs escape the

disease ; the proportion, however, has been very variously given as

from 5 to 75 per cent. In this particular the locality of the bite,

and its depth and severity, are of much importance. Dogs commonly
snap at parts of the body covered by clothing, and it is possible that

the teeth are thus more or less cleansed of the infecting medium.
This may explain the immensely increased probability of infection

when the face, hands, or uncovered parts are bitten, and the danger

of bites from pet animals that are being fondled. Multiple bites are

more dangerous than single ones, from the increased surface inocu-

lated ; but severe bleeding, especially from a single wound, may be

favourable, as tending to wash out the virus introduced.

Statistics seem to prove conclusively that the bites of wolves and
cats are more dangerous than those of dogs, and it seems probable

that this depends not on the severity of the wounds alone, but also

on a special virulency of the poison.

Period Of incubation.—In human beings bitten by rabid dogs

this is very variable ; in a large majority of cases it has been shown to

be roughly six weeks, but undoubted cases have been put on record

of children bitten on the face in which it has not exceeded six days

;

and again, symptoms have undoubtedly developed as late as the end

of two years (Horsley). This variability may depend in part on the

amount of virus introduced, and in part on individual susceptibility.

As a rule, however, symptoms very rarely develop after a period of

four months from the date of inoculation.

In dogs bitten by rabid animals the incubation period is

commonly from three to six weeks, less often from seven to ten ; but

it has been observed in some cases to extend over some days only,

and in others months. During the incubation period the animals are

not dangerous.

It has been discovered by Pasteur that the passage of the virus

through successive series of rabbits much increases its intensity
;

and from this source he obtains his virus fixe for protective or

preventive inoculations.

When the virus has been passed through twenty to twenty-five

rabbits the incubation period is reduced to eight days
;

passage
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through a second series of twenty-five shortens the period one day
more ; and after the number reaches ninety, the incubation period is

reduced to little less than seven days.

Rabbits inoculated subdurally with virus thus intensified exhibit

symptoms with the utmost regularity on from the sixth to the

eighth day, the condition induced being one of paralytic rabies,

the preliminary stages of depression and excitement not being

observed. Dogs inoculated in the same manner develop rabies on
the eighth to the ninth day • but in these animals, sometimes the

furious, sometimes the paralytic, form is observed. This appears to

depend, at any rate in part, on the amount of virus introduced, the

larger doses producing the paralytic form. Subdural inoculation

of rabbits with virus from an ordinary rabid dog from the streets, on
the other hand, does not produce symptoms before the fifteenth day.

Morbid anatomy.—The lesions observed, although constant, un-

less the individual has died as early as the second day from syncope,

consist of little more than conditions of hyperemia or congestion.

In the central nervous system early congestion is followed by the

migration of leucocytes into the perivascular lymphatic spaces and
the interstitial neuroglia, and small parenchymatous extravasations

of blood may also occur (Allbutt, Coats, Gowers, Greenfield). The
changes in the central nervous system, however, are frequently

concentrated in localised areas, so that the whole must be carefully

examined (Horsley). Congestion is also found of the larynx, trachea,

lungs, fauces, pharynx, oesophagus, and stomach, and often haemorr-

hages into the mucous membrane of the latter organ. Congestion of

the peripheral nerves, especially of the vagus, and of the sympathetic

system, has been noted, and accumulation of leucocytes in the

salivary glands, in the mucous glands of the larynx, and in the

kidneys, has been described by Coats.

Symptoms. Local.—The local symptoms are usually insigni-

ficant. The wounds heal readily, as a rule, without local thickening

or glandular enlargement ; both the latter conditions have, however,

been observed, but it is an open question as to whether the changes

may not have been due to a contemporaneous infection of another

nature, or to the local treatment adopted.

Prior to the development of symptoms, subjective sensations of

heat, tingling, or pain have been noted; occasionally, severe lancinating

pain in the course of the sensory nerves. In other cases the wound
has been observed to break down, and produce a small amount of

thin purulent fluid. Occasionally a crop of vesicles has been

observed to develop around the site of the wound (Piorry).

Beyond these local vesicles, an eruption of vesicles in the oral

cavity, on and beneath the tongue, on the cheeks, around Stenson's

duct, and aboivt the tonsils, have been described (Marichotti). These
are said to occur only between the third and twelfth days after

inoculation, so that, even if constant, their presence would often be
overlooked, since they precede the development of general symptoms.

General.—These vary in degree, but, as a rule, may be divided
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into two stages—that of invasion and that of excitement. The
typical paralytic stage occurring in dogs is replaced in man, as a rule,

by exhaustion.

The stage of invasion is insidious, and may be absent or

pass unnoticed. It is characterised by mental depression, irrita-

bility, with an ill-defined feeling of apprehension, and malaise. The
patient looks pale and anxious and is restless. He may talk freely,

the sentences being sometimes interrupted by sighing inspiration,

but usually shows great unwillingness to speak about the possible

cause of his illness. Sleep is broken often by dreams ; the mouth is

dry ; the patient complains of thirst, but is disinclined to swallow.

Loss of appetite, a feeling of nausea, with epigastric uneasiness,

follow ; the pulse is quickened, sometimes becoming very rapid ; and
the respirations are proportionately hurried and shallow. There is

general hyperesthesia and often increase in sexual desire.

The stage of excitement.—In two to three days these

symptoms undergo further development. Mental agitation increases

;

ill-defined terror takes hold of the patient. He speaks excitedly in

abrupt sentences and may suffer from hallucinations. The facial

expression corresponds with the mental state, the brows are con-

tracted and the face is pale, while the eyes are bright and wander
constantly over the patient's surroundings. The mouth and fauces

become congested and the patient ejects thick tenacious mucus
with difficulty and much noise, and without any regard for those

attending upon him. Solids can often still be swallowed ; but

while thirst is commonly severe, the dread of all liquids increases

rapidly. When asked to drink, the patient takes the vessel with

much precaution, often closing his eyes, and, feeling that he is

making a crucial experiment, raises it with slow precision to his

lips. The whole attention is devoted to the effort, which results

usually in the violent ejection of the small quantity of fluid in-

troduced. Intense agitation follows, the vessel being frequently

thrown away, and a convulsive attack is often induced. The
patient shudders, spasmodic movements of deglutition and respiration

follow, the nares dilate, the commissures of the lips tighten, the

scalenes, sterno-mastoids, respiratory and abdominal muscles contract

successively, and then the entire muscular system, respiration being

entirely suspended for some moments. These convulsive attacks may
occur consecutively, like those of sobbing or weeping, continuing

even for thirty to forty minutes; and during one of them the patient

occasionally dies from syncope even as early as the second day. The
general hyperesthesia heightens, and increasingly severe convulsive

attacks may be induced by the weight of the bed-clothes, draughts of

air, bright light, and loud or unfamiliar sounds, the sound of running

water being especially irritative. The mental condition is highly

characteristic. The patient looks around with suspicion, often com-

plains that his medical attendant does nothing for him, shows a great

aversion to onlookers, and is surly and morose. This state may
alternate with one of maniacal excitement, the patient throwing
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himself wildly about and often damaging his surroundings. At the

same time, he retains in some measure his reason, may often be

quieted by persuasion, and often gives those surrounding him advice

to protect themselves against his possible violence. Sexual excite-

ment, priapism, and seminal emissions are sometimes extremely

troubling, and may give rise to difficulty in micturition, which is

otherwise often frequent. The urine may contain albumen and
sometimes blood. The temperature may rise considerably, but is

oftener little elevated, or sometimes normal.

With the progress of the disease the strength of the patient

rapidly decreases and emaciation may commence. The pulse becomes

quick, irregular, and small in volume, and respiration quick and
shallow, a deep inspiration often inducing a convulsive attack.

Tenacious mucus accumulates in the mouth and fauces, articulation

is thick and low, convulsive attacks increase in frequency, and
death from asphyxia may occur during one of them. In other

cases the progress is slower, the eyes sink, the brow sweats, the lips

become blue, and the patient dies of slow asphyxia; or occasionally

an almost complete remission of convulsive attacks may precede

death from exhaustion, the mind in either case remaining clear to

the end.

In some cases a more or less complete paraplegic condition has

been noted before death. In rare instances the disease mainly
assumes a paralytic form, and then strongly resembles that known
as Landry's, or acute ascending paralysis, commencing in the lower

limbs, gradually spreading to the trunk, upper limbs, and face, these

phenomena being unattended by any of the classical symptoms of

hydrophobia.

Diagnosis.—The early symptoms may be simulated by hysteria.

Close observation of the patient's symptoms, which are often exagge-

rated or ridiculous, together with careful attention to the history and
inquiries as to the condition of the source of the bite, will suffice to

clear up any doubts. It should be borne in mind in these cases that

many persons bitten by dogs not rabid often complain of subjective

sensations in the wounds some time after the original injury.

Tetanus occasionally follows the bite of a dog, and many cases

have occurred in which this has been mistaken for hydrophobia.

Attention to the following points will obviate any chance of con-

fusion :—The length of the incubation period is usually very much
shorter in tetanus ; the mental state differs, the terrible anxiety

being absent ; the spasms are tonic rather than convulsive in

character ; the facial aspect (risus sardonicus) differs ; and lastly,

the marked rise of temperature seen in tetanus does not occur in

hydrophobia (page 192). In the pure paralytic form the diagnosis

from acute ascending paralysis can only be made by close attention

to the history, and possibly confirmed later by inoculation experi-

ments on animals.

Prognosis.—Prior to the introduction of Pasteur's treatment the

disease has been considered a fatal one. Evidence seems clear, however,
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that patients subjected to the preventive inoculation treatment within

six days of infection recover, with few, if any, exceptions. The especial

danger of bites of the head—the mortality after which has been
placed at eighty per cent.—and the peculiar virulence of the poison

observed in wolves and cats, must be borne in mind even in cases

subjected to the preventive treatment. The duration of the disease

is usually from two to four days, but patients occasionally survive as

long as seven.

Treatment. Prophylaxis.—Before proceeding to consider the

question of treatment of cases, a word as to prophylaxis must be said.

Proper precautionary measures have already succeeded in many
countries (Sweden, Norway, Switzerland, Russia, Baden, Bavaria,

Wurtemberg) in suppressing the disease. The regulations necessary

are simple, consisting in : (1) The destruction of all rabid or suspected

dogs
; (2) the destruction of all wandering or homeless dogs

; (3)

the wearing of muzzles by all dogs while rabies prevails, and for a

period equal to the longest interval of latency after the malady has

been suppressed
; (4) the forbiddal of the introduction of dogs from

countries where rabies is prevalent, or the imposition of a sufficient

period of quarantine (Fleming).

Local treatment.—Bleeding, if any, from the wound should be

encouraged by placing a ligature around the limb above, and possibly

the application of cupping-glasses. The wound should be thoroughly

treated with strong carbolic acid, or in certain situations may be
excised if the patient be seen early.

General treatment.—Failing the possibility of protective inocula-

tion, the general treatment is palliative only. It consists in ensuring

as complete quietness as possible, and in giving nourishment, re-

sorting to rectal alimentation when swallowing becomes impractic-

able. Hydrate of chloral or morphia is useful ; and in the fully-

developed disease the sufferings of the patient may be alleviated by
the administration of chloroform, a small quantity often sufficing to

maintain quietude.

Pasteur, convinced of the microbic nature of the virus of hydro-

phobia, conceived the idea that the development of the organism in

the animal system might be inhibited by the employment of the

waste products of the metabolic processes, dependent on its own
growth and multiplication. He discovered that by subjecting

portions of the nervous system of hydrophobic animals to a process

of desiccation for fixed periods, the virus could be progressively

weakened, and eventually rendered inert, without destroying these

waste products. Dogs were first treated with portions of nervous

tissue thus prepared, injections of gradually-increasing virulency

being made; and it was found that the animals were thus rendered

immune to rabies.

This result obtained, it occurred to Pasteur that, considering the

length of the average period of incubation of hydrophobia in man,

the full development of the disease might be prevented by the

inoculation of a similar material, provided the treatment was
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commenced sufficiently early. The first trial, made upon Meister on
July 5th, 1886, confirmed this anticipation, and since then, in the

years 1886-1891 inclusive, 9,461 persons bitten by ostensibly mad
dogs have been treated at the Pasteur Institute in Paris on the

same lines. Of this number, only ninety died : and thus a death
rate of -95 per cent, is substituted for that of at least 14 per cent,

occurring in persons bitten by rabid dogs not subjected to preventive

treatment. During the years 1886 to 1893 inclusive, 14,430 persons

underwent the treatment, of whom 72 died, a death-rate of 0-50 per

cent. This is strong evidence in favour of the method, which,

moreover, has been reported upon favourably by a Government
Committee, after repetition of the experiments by Horsley.

Material for injection is prepared at the Pasteur Institute, as

follows :—The spinal cord is obtained from rabbits rendered rabid

by inoculation with virus, previously passed through a succession

of animals of the same race to heighten its intensity. The nervous
tissue is cut into small blocks, and desiccated for various periods by
suspension over a small fragment of caustic potash in a sterilised

flask at a temperature of 72° F. Portions of the required degree of

modification are mashed up in a mortar, with slightly alkaline

sterilised broth, to a state of fine emulsion, and this is employed in

doses of from 1 to 3 cc, the larger quantity being used in the

case of the more highly modified material.

The quantity of dry nervous tissue in each injection amounts to

about 1 centigramme, and inequality in the strength of the material

thus prepared is made up for by repetition of injections of the same
reputed strength during the course of treatment.

Two formula? are employed:

—

(a) "The simple," for ordinary

bites of the limbs not numerous
;

(b) " The intensive," for wounds
of the head or face, severe multiple wounds, and the bites of cats or

wolves. Variations are made between the two formulae to meet the

severity of individual cases.

A. SIMPLE

Day of Inoculation . .

.

Number of days of

)

desiccation of ma- >

terial >

1

14
13

2

12
11

3

10
9

4

8
7

5

6
6

6

5

7

5

8

4

9

3

10

5

11

5

12

4

13

4

14

3

15

3

Dose employed 3cc 3 3 3 2cc 2 2 2 lcc 2cc 2 1 2 2 2 2

B. INTENSIVE.

Day of Ino- )

culation )
1 1 2 2 3 3

i

4 5 6 7 8 9

3

U

10

5

2

11

5

12

4

1314

4 3

2 2
I

15

3

2

1G

5

2

17

4

18

3

19

5

2

20

4

2

21

Number of ~\

days of de- 1

siccation of f

material ...J

Mm.
14
13

3cc

Eve.

12
11

3

Mrn.
10
9

3

Eve.

8
7

3

Mrn.

6

2cc

Eve.

6

2

5 5 4 3 4 3

Dose employed 2, 2 2 lcc 2 2 2 2 2 2



308 SURGICAL DISEASES DUE TO MIGBOBIG INFECTION.

It will be noted that (b) is more prolonged than (a), and also

that the strongest injection

—

i.e. of material dried only three days

—

is reached on the seventh day, while in (a) it is not administered
until the ninth.

The inoculations are made alternately in the right and left

flanks, and for the most part, patients complain of nothing during
the treatment. In some cases a feeling of fatigue, enervation, and
somnolence have been observed. Local inflammation does not
occur at the seat of injection, but great care is taken by control

cultures to make sure that each tube of material is pure.

The treatment is indicated in the case of any person bitten by a

rabid animal ; the main element of success being prompt resort to

the method, the most frequent source of failure having been delay

in its adoption. In young patients, especially those bitten about
the head and face, or in cases of wolf or cat bite, early commence-
ment of treatment is especially indicated. Bearing in mind
the occasional very early appearance of symptoms, it is necessary

for a favourable prognosis that inoculations should be commenced
before the sixth day after the bite.
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VI. GLANDERS.
Etiology.—This is a disease dependent on a specific organism

(Bacillus mallei), occurring primarily in the horse, but transmissible

to other animals and to man. It is also known as Equinia, or,

when chronic, as Farcy.

Glanders is met with both in hot and cold climates, but is fortu-

nately not readily acquired by man. Asses, mules, and goats

contract the disease, and it is inoculable in guineapigs and rabbits.

In some animals local sores only result from inoculation ; this is

usually the case in dogs. Oxen and swine are insusceptible to the

disease. Both the acute and chronic (farcy) forms are common in

the horse, but acute glanders is more frequent in man. In horses

the chronic form is not always easy of recognition ; hence, the disease

may be overlooked either accidentally or with intent, and the animal

worked for years. The bacillus of glanders much resembles that of

tuberculosis in general appearance ; it is, however, somewhat shorter

and thicker, the ends more or less rounded, and indications of spore

formation have been noted in it (page 35). It is not particularly

resistant to heat, desiccation, or antiseptics, but experience has shown
that the virus may remain active for months in infected stables

;

hence, special care is needed in disinfection. It is cultivable artifici-

ally on blood serum, agar-agar, or potato, and in the latter case
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produces highly characteristic brown masses. It is not coloured by
the stains used for bacillus tuberculosis, and is readily decolorised

by nitric acid. The organism is most readily shown in sections by
staining with methylene blue, and decolorising with weak acetic

acid (Schutz and Loftier) ; it is usually most abundantly found in

small nodules of recent formation. Recently mallein, a substance
similar to the tuberculin of Koch, has been employed hypodermically

as a diagnostic and curative agent. It produces a characteristic re-

action in glandered animals, but up to the present the results have
not proved altogether satisfactory, as reaction sometimes occurs in

animals in whom no trace of glanders is discoverable after death.

It has been used in human glanders (Bonome).

Mode of infection.—Glanders may result from the bite of an
infected animal, or a pre-existing wound or abrasion may become
inoculated. It appears also that the contagion may be inhaled or

arrested on the mucous membrane of the eye, nose, or mouth of

persons standing near when a glandered animal sneezes. The disease

may pass from man to man ; but recorded instances of this are rare.

Fatal cases have been observed from the accidental inoculation of

workers with experimental cultures of the bacillus.

Period Of incubation.—This may vary from one to fifteen

days, but is occasionally much prolonged (Bristowe).

Morbid anatomy.—Glanders is characterised by the formation

of nodules in the nasal mucous membrane, the respiratory passages,

and internal organs ; also by the development of nodules and
abscesses in and beneath the skin, and in the muscles. In the

chronic form, indolent swellings of the lymphatic glands are

common ; but in the acute, the glands often remain unaffected.

When affected, the nasal mucous membrane is dotted with
numerous miliary papules, grey or yellowish-grey in colour, many of

which may have broken down, leaving deep ragged ulcers, with bare

or necrosed bone at their bases, the condition sometimes extending to

the various accessory sinuses. Similar nodules are found in the larynx,

trachea, and lungs. In the latter organs they are scattered through-

out, and vary in size from that of a miliary tubercle to masses
measuring an inch in diameter. The pulmonary deposits usually

lie near the pleural surface, are whitish, and more or less arborescent

in appearance, and may be unsurrounded by any marked inflam-

matory area ; hence, pleuritic changes may be absent. Nodules may
be found on the conjunctiva and in the skin generally; the latter

corresponding to the cutaneous eruption. The abscesses in the

limbs are deep and irregular, containing pus and abundant tissue

debris. In acute glanders the secondary abscesses are indistinguish-

able from ordinary pysemic deposits ; in the chronic form there is a

tendency to caseation. In the horse, the deposits of acute glanders

when internal are usually limited to the resph'atory passages ; in

farcy, numerous subcutaneous nodules connected by long indurated
cords, corresponding to the lymphatic trunks, are met with.

Symptoms.—These may be either acute or chronic, while, as in
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tuberculosis, a chronic attack may at any time take on the

characters of the acute form and rapidly prove fatal.

Acute form.—In man this form is the more frequent. The
disease commences somewhat insidiously with malaise, headache, and
pains in the limbs, and the patient often shows the same reluctance

to speak of the possible origin of his disease as is noted in persons

who have been bitten by a rabid dog. If a wound exist, it becomes
painful and swollen, and surrounded by a bright red area, sometimes
extending along the line of the lymphatic vessels. Occasionally signs

of pulmonary affection first appear, but more often the patient com-

plains of one or more hard painful swellings in the limbs, which
soften rapidly, and when punctured may furnish at first thin blood-

stained fluid, but always eventually pus.

Before the end of the first week deposits in the skin give

rise to the characteristic eruption. The date of onset is some-

what variable; the whole body may be affected, and as the erup-

tion is successive, nodules in varying stages undergoing pro-

gressive changes are found :—(1) Small, shotty, hard, red, papules;

(2) somewhat rounded pustules often on a raised yellowish areola

twice as wide as the pustule itself
; (3) similar pustules on an

inflamed red base
; (4) large vesicles containing turbid serum, some

of the size of bullse
; (5) the latter varieties dried up, leaving a scab

upon an indurated base. At a later date suppurating ulcers may
occupy the site of previous pustules, and the confluence of these may
lead to the formation of somewhat extensive suppurating areas. In
its various stages the eruption simulates closely those of varicella

and variola. During the development of the eruption numerous
abscesses of a pysemic character form about the body, often deep
and very extensive ; or suppuration may occur in the joints. Deposits

in the nasal mucous membrane, when they occur, are indicated by a

thin watery discharge, becoming purulent and sanious as they

break down ; the nose at the same time becoming swollen, and
reddened externally. Occasionally attacks of bleeding may be the

only representative of this sign, which is inconstant. Deposits in

the frontal sinuses give rise to severe headache, those in the con-

junctiva are accompanied by much swelling of the eyelids, and those

in the mouth or fauces to ulceration. Pulmonary signs may be
those of pneumonia, bronchitis, or pleurisy.

General symptoms develop pari passu with the local manifesta-

tions. The bodily temperature, at first little raised, reaches as high

as 105° to 106° P., fluctuating much as a pysemic temperature, but

without the frequent falls to normal. Profuse sweating is common

;

the pulse loses strength, and gains in rapidity ; emaciation is rapid,

giving a pinched appearance ; the tongue becomes dry and brown

;

the urine coiitains albumen ; sleeplessness is followed by delirium,

often of a busy character, with picking at the bed-clothes; and
the patient dies of exhaustion. Death may occur in less than one

week, but is commoner in the second or third.

Chronic form.—In this the same complexity of symptoms is
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observed, but they are evolved slowly, the average duration of an
attack being four months (Bollinger). The eruption and abscesses

leave intractable ulcers and fistula. Nasal signs are less frequent,

but chronic discharge may occur, with tendency to the formation of

dark offensive crusts. Affection of the air-passages may give rise to

hoarseness, sanguineous expectoration, pyrexia, and steady emaciation,

and if the patient recover, convalescence is very prolonged.

Diagnosis.—In the initial stage the disease is to be recognised by
the history alone, the early symptoms often simulating those of acute

rheumatism or enteric fever. When fully developed, confusion with

pyaemia is the main danger. The resemblance is the more striking

since the secondary deposits closely simulate those of pyaemia, and
both diseases occur in the same acute, sub-acute, and chronic forms.

Attention to the history, the absence of initial rigors, the character-

istic eruption, and the nasal discharge, if present, will aid in making
a correct diagnosis. Yirchow has pointed out the occasional simula-

tion of a hard chancre by a nodule upon the penis.

Prognosis.—Acute glanders may almost be said to be a fatal

disease, yet Bollinger reports one recovery in thirty cases ; and the

same observer has collected thirty-four cases of chronic glanders with

a percentage recovery of fifty.

Treatment.—In the case of a bite or undoubted local inoculation

seen early, excision and energetic disinfection or cauterisation are

indicated. Later, the administration of quinine and abundance of

good nourishment should be persevered in. Abscesses should be

treated on ordinary lines, and the nasal symptoms by the spraying of

carbolic acid solution (1 in 40) or perchloride of mercury (1 in 1,000).

The internal administration of strychnine and arsenic has been
recommended (Gamgee) ; and Bollinger suggests the use of carbolic

acid. Lastly, cases of cure by the free inunction of mercury com-

menced early have been reported from Russia (Gold Gralewsky,

Kondorsky).

VII. MALIGNANT PUSTULE. ANTHRAX.

Etiology.—This is a gangrenous inflammation of the skin, due

to the inoculation of a specific organism (Bacillus anthracis). The
disease is one primarily met with in animals and from them is

readily transmissible to man.
The disease in animals is widely distributed in both the Old and

New Worlds. In England outbreaks are comparatively slight and

uncommon, and a very large number of the cases observed in man
are the result of infection from imported hides. It occurs in horned

cattle, sheep, swine, horses, and wild animals, such as reindeer and
buffaloes, and is readily produced by inoculation in rabbits and
guineapigs. The carnivora are much less susceptible, though cats

are more so than dogs.

The anthrax bacillus develops without the body in the form of

bundles of long threads bearing numerous spores. The latter are
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extremely resistant to ordinary atmospheric conditions, heat, and
desiccation, and remain capable of development for years if a suitable

soil be offered.

The bacillus of anthrax is rod-shaped, with rectangular extremi-

ties, about g-oVo of an inch in length. It is at times somewhat
enlarged at the ends, and shows signs of transverse fission—the

method by which it multiplies within the body. In pleural exuda-

tion long threads similar to those developed in artificial media are

seen. It is readily stained with gentian violet, Spiller's purple, or

many aniline colours. In malignant pustule the organisms are

found in the serum of the vesicles, and in great numbers in the

deeper layers of the cutis clothing the papilla, and obscuring their

structure (Wagner, Charlewood Turner, R. Koch). They gradually

extend on all sides, entering the blood-vessels and lymphatics. The
central portion of the affected area rapidly becomes necrotic, and
more or less extensive blood extravasations occur in and beneath it.

Local reaction around is well marked, the tissues becoming hyper-

gemic, with small-celled infiltration and marked oedema. Bacilli are

not demonstrable in the general circulation until some days after

primary infection. (See page 31.)

The disease occurs in animals in two forms : an external,

evidenced by the development of brawny swellings of the skin and
subcutaneous structures, and an internal, involving the respiratory

and alimentary tracts.

In man the same varieties are met with, the external being

known as malignant pustule. This commences as an infection of

the skin, and continues for a short time a local process. From the

primary focus, however, the bacilli and the waste products of their

metabolism enter the general circulation, and in the majority of

cases cause death from septicaemia if surgical assistance be not forth-

coming. Some individuals, however, offer a special resistance to the

disease, and rare cases have been reported of spontaneous recovery.

A previous attack offers no immunity from subsequent ones.

Pasteur, by cultivating the organism at an abnormally high

temperature, has succeeded in lowering its virulence, and has thus

produced a protective " vaccine," which is said to render animals

immune to the disease. Wooldridge succeeded in endowing rabbits

with immunity by injecting a chemical substance isolated from the

blood of other rabbits which had suffered fiom the disease. The
production of immunity by the injection of albumoses has been
further worked out by Hankin.

Mode of infection.—Malignant pustule in man is met with

almost exclusively on uncovered parts of the body. Infection may
occur of a pre-existing pustule, wound or abrasion, or possibly by the

bite of an insect which has rested or fed upon infected matter.

The handling of infected hides is a common source of infection ; and
internal anthrax may result from inhaling or swallowing dust from
them. Those employed in tending infected animals, veterinary

surgeons, and slaughterers may be directly inoculated. Anthrax
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has been conveyed to a surgical wound by the use of catgut prepared
from the intestine of an infected sheep.

Symptoms.—The first sign of malignant pustule, when no appre-
ciable wound exists, is a dark spot resembling the sting of an insect,

often surrounding a hair fol-

licle. The papule enlarges,

and a vesicle containing yel-

lowish fluid forms, often

changing its colour to red or

a bluish-red colour. A similar

papule bearing a vesicle may
develop at the site of any
small abrasion which has

served as a point for infection.

The appearance of the vesicle

is heralded by burning pain,

often leading the patient to

scratch and rub the vesicle,

thereby laying bare a raw red

surface, from which serous

fluid is exuded. A dry scab

now forms on the surface, the

edges of the papule enlarge

and become much indurated,

a hypersemic and oedematous

areola developing around it.

A second ring of vesicles may
develop around the centre of

the papule, the centre mean-
while becomes dark from the

extravasation of blood, and
gradually driesand sinks below
the level of the surrounding areola (Fig. 54). The process may con-

tinue in this manner till the carbuncle reaches a considerable size,

the same swelling and oedema preceding its enlargement. At the same
time, the poison is taken up by the lymphatics, the glands enlarge

;

and if a limb be affected, the whole extent may become swollen and
oedematous. The appearance of the oedematous part varies in different

regions : thus in the eyelid a semi-transparent bladder-like swelling

is not uncommon, while the lips become thickened and rigid, the

normal folds of the face being obliterated. Malignant pustules of

the neck offer a special danger in the spread of the oedema to the

larynx, tongue, and floor of the mouth. Of 1,077 cases collected by
W. Koch, 490 affected the head and face, 45 the neck, and 370 the

upper extremity. In some instances the process may closely re-

semble an ordinary cellulitis, highly oedematous, but without the

development of vesicles.

For a period of about two days—in fact, prior to the entrance of

the bacilb and their products in any large amount into the general

Fig. 54—Malignant Pustule of Face. The en-
largement of the submaxillary glands and
the surrounding oedema are well shown.
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circulation—the patient suffers little, except from a feeling of

general malaise. The temperature then rises to 102" to 104° F.,

gradually falling intermittently ; and if the case be treated by
early excision, reaches normal in a few days. The malignant pustule

itself is the seat of remarkably little pain, but acute pains may be

experienced in the limbs. In fatal cases, sweating and diarrhoea set

in, accompanied by delirium, fall of temperature, often below normal,

great prostration, and eventual collapse.

Malignant pustule may serve as a local centre from which
embolic secondary deposits are furnished, or it may occur secon-

darily to anthrax of internal organs.

Diagnosis.—The recognition of malignant pustule is usually

easy, by observing the special appearances and carefully inquiring

into the history. Davies Colley has pointed out that it is to be
distinguished from facial carbuncle by its comparative painless-

ness, the dark centre, and the absence of the multiple yellow spots

of commencing suppuration seen in the latter affection. Diagnosis

can be made certain in doubtful cases by microscopic examination
of the fluid in the vesicles or by the inoculation of a rabbit. It is

well to bear in mind that the bacilli are only present in the blood

after general symptoms have commenced to develop.

Prognosis.—Malignant pustule rarely undergoes spontaneous

cure. If treated energetically, the majority of the cases recover

rapidly. Lengyel and Koranyi lost only 13 out of 142 cases

treated surgically. If secondary deposits occur, or signs of internal

anthrax appear, the patient usually dies rapidly. In uncomplicated

cases not treated, death occurs in from five to eight days.

Treatment.—The only treatment to be recommended is free

excision, and this should be followed by cauterisation, Davies
Colley has published several cases in which chloride of zinc paste

or liquid carbolic acid were successfully used for the subsequent
cauterisation. The local oedema and general symptoms usually rapidly

subside after removal of the infecting centre, and it is difficult to

say when it becomes too late to be worth trying this mode of treat-

ment. In cases where excision is impossible, or such treatment

refused, parenchymatous injections of 2 per cent, carbolic acid

solution may be tried, as good results have been obtained by this

method. They should be radial and frequently repeated, 20 to 3C

minims of the solution being employed.
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VIII. ACTINOMYCOSIS.

.ZEtiolOgy.-—This is a disease dependent on the entrance and
growth of the ray fungus, or actinomyces (a species of Cladothrix,

Bostrom), into the system of man.
The disease corresponds with that observed in oxen, calves,
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swine, etc., with some modifications, the most important of which
are the less marked tendency to localisation by the abundant for-

mation of scar tissue, and to calcification. The typical course of

actinomycosis in man is chronic, patients dying as the result of

implication of important organs, of exhaustion from prolonged
suppuration, or from amyloid disease. It must be borne in mind,

however, that the tissues re-act in correspondence with individual

idiosyncracy and constitutional conditions, and in some persons a

defective resistance on the part of the tissues allows a rapid in-

vasion and course in this disease. The morbid process spreads by
direct continuity, invading all tissues indifferently ; secondary em-
bolic deposits may, however, occur, the most common examples of

which are those observed in the liver in primary actinomycosis

of the intestinal canal. Cases of so-called acute generalisation have
been described, but these are probably partly pysemic in nature.

The actinomyces itself is not pyogenic in the same sense as the

various suppuration organisms, since it may exist for long periods in

organs such as the brain (Bollinger) without inducing suppuration.

When developing actively, however, it produces local necrosis of the

tissue in which it is embedded and of the small-celled inflammatory
infiltration surrounding it, and in this way a fluid more or less

resembling true pus is furnished. Deposits in the alimentary and
respiratory tracts are necessarily exposed also to external contami-

nation, and in these cases abundant suppuration, induced by the

ordinary pyogenic organisms, often occurs. The disease does not
extend by the lymphatic system ; and although the glands have been
occasionally noted to be enlarged, no growth of actinomyces has
ever been observed in them.

Mode of infection.—No evidence exists of the direct transfer-

ence of this disease from animals to man, or from man to man. Both
men and animals appear to be infected from the same source and in

the same manner. The most common seat of infection is the mouth,
the alimentary tract, some of its dependences, or the respiratory

passages. Cases of external infection are rare, but a small number
has been placed on record. The discovery of a grain of barley in

an abscess of the back secondary to a primary deposit in the oeso-

phagus (Soltmann) led to the inference that the carrier of infection

might exist in grains of corn or barley, or in particles of straw of a
like nature. In five carefully examined cases in man, bodies of this

nature were discovered by Bostrom in primary actinomycotic

deposits, and the extension of the process was shown to follow the

line in which the grain had travelled. Bostrom strengthens the

theory of this mode of infection by the following arguments :—In
thirty-two cases of bovine actinomycosis, particles of straw and
grain were found embedded in the mucous membrane between the

teeth and gums and in the tongue ; and further examination of the

records of eighty-four published cases of actinomycosis in man
showed that the disease commenced in 77 per cent, during the
months August to January inclusive : in fact, during the months in
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which the freest opportunities for the chewing of corn and barley-

grains are afforded.

The common localisation of the disease to the jaws and neigh-

bouring tissues gave rise to the theory that the existence of carious

teeth led to the development of the process by affording a suitable

nidus for the growth of the organism and its extension by the tissues

of the alveolus. The fact that the disease is especially common in

<5-

Fig. 55.—Section of an Actinomycotic Centre in a Cow's Tongue. Marked development
of connective tissue and clubs. The actinomyces are treated diagrammatically, to
illustrate the appearance usually observed in those obtained from urine, or pus.

calves at the time of the second dentition appeared to support this
;

but th« exclusion of carious teeth as the point of origin in Bostrom's

cases of maxillary actinomycosis in man is against the theory ; and
it may be at the same time pointed out that disease of the jaws in

man has been almost without exception peripheral in arrangement,

while central disease would more naturally be expected if the process

started from within the alveolus. In calves, however, disease of the

jaws is often central, great expansion of the bone taking place. In
other observed cases the origin of the disease has been clearly traced to

chewing barley : and in two cases of external actinomycosis of the

hand, in one the abscess developed in the palm, as the result of

pressure of the sickle while reaping ; and in the other a nodule

developed on the back of the hand of a person engaged in thrashing

grain (Bertha).

The actinomyces.—The organism itself, obtained from the dis-

charge from an abscess or fistula, or from the urine or fasces when the

alimentary or urinary tracts are the seat of the disease, presents the

following characters :—It is found in small nodules, varying in size

from a grain of sand to a hemp-seed, rounded or mulberry-like in form,

grey, greyish-green, sulphur yellow, or, when obtained from the faeces,
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dark brown in colour, and of the consistence of soft mortar. The
variation in colour from grey to yellow appears to depend on the age of
the organism, the older ones gaining the characteristic yellow colour •

and it is these in which club formation is most marked. When first

obtained, they are still clothed in a layer of round cells but treat-
ment with a few drops of weak caustic potash allows the foliowino-
structure to be made out microscopically. Pressure of the cover-
glass causes the primary nodule to break up into smaller ones, each
apparently consisting of a series of club-like processes, radiating like
palisades from a centre (Fig. 55). These processes are the so-called
clubs, regarded by Bostrom and many observers as a degeneration
of the terminal filaments of the fungus. The ultimate structure is

Pig. 56.—Actinomycotic Centre (Bos-
trom), showing root, hollow cap-
sule, mantle (Keimlager), radiating
filaments and clubs.

only to be made out in prepared sections of tissue. When so exa-

mined, each centre consists of an intricate mass of filaments, develop-

ing spores, and arranged in the form of a hollow capsule deficient at

one spot, from which filaments pass from the interior into the sur-

rounding tissue, forming a kind of root. The centre of the sphere

consists of irregularly-arranged filaments branching dichotomously,

the branches equalling the parent filaments in size. When they reach

the periphery the dichotomous division becomes extremely free, and
a highly intricate network is formed, in the meshes of which abun-
dant round or oval spores are entangled. Beyond this bounding
network, called by Bostrom the mantle or germ stratum (Keimlager),

a series of slender radiating filaments project, at first branching little,

and then abundantly, and beyond these the clubs are arranged, often

more or less cast off from the central portion of the organism. Each
club consists of a central filament enveloped in a laminated gelati-

nous sheath, pyriform in outline, or sometimes ending in finger-like
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processes. Between the clubs, slender wavy or spiral filaments,

sparse or in groups, project into the surrounding tissue (Fig. 56). In
the smallest young grey nodules, clubs may be sparse or absent ; with
increased age the clubs increase, while the filaments decrease in

amount. The whole organism so arranged may be infiltrated with
small-celled growth, especially the centre, and the whole may calcify,

still retaining, however, the general outline of the original structure.

The youngest actinomycetes are found in the discharge and breaking-

down tissue only ; they may be too small for naked-eye recognition,

and sometimes the discharge may contain more mycelial threads

than completely developed organisms.

Branched and single threads have been observed by Bostrom
within cells, which later perish, and the contents are set free—

a

possible mode of extension of the local process. The actinomyces

are often very sparsely distributed, especially in cases in which
cicatrisation is a marked feature. (See page 49.)

Morbid anatomy.—The entrance of the actinomyces is followed

by local necrosis of the tissue in which it is embedded, and the develop-

ment of a surrounding area of small-celled infiltration, the amount of

which varies with the power of resistance of the individual affected

and the activity of growth of the organism. If resistance be strong,

considerable inflammation is set up, the tissues around undergo cell

multiplication, granulation tissue is developed, and well-marked con-

nective tissue at the periphery. In these cases the disease spreads

slowly, and the tendency is to localisation. If, on the other hand,

resistance be defective, the small-celled infiltration remains the main
feature, and the process spreads rapidly by destruction of the

surrounding tissues. Attention has been drawn by Bostrom to the

strong resemblance exhibited by these two varieties of the process

with those observed in chronic and acute tuberculosis. The pro-

cess observed at a single centre is repeated indefinitely by the

development of fresh ones in direct continuity ; and thus in the

chronic cases large areas of doughy granulation tissue, bounded
by dense scar tissue in the older parts, are formed.

Deposits invade tissues of the most varied character, infiltrating

muscles, fascia?, and organs in continuity, eroding and infiltrating

bones, more or less obliterating serous cavities, such as the pleura,

peritoneum, or joints. Blood-vessels, nerves, and tubes, such as the

gullet, become infiltrated, and are rigidly walled in. The secreting

tissue in the affected area of organs is destroyed without taking

active part in the process, which in its extension sometimes encloses

small islands of the original organ more or less unchanged. The
bones are eroded, become rough and discoloured, and the periosteum

is thickened, the condition being one of superficial actinomycotic

caries. In chronic cases abundant osteophytic formation takes place,

while in acute cases this may be absent, the process being merely

rarefying and destructive. The joints may become invaded and

extensive disorganisation follows.

Softening sooner or later occurs from the fatty degeneration,
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liquefaction, and disintegration of the small-celled infiltration and
granulation tissue, the result varying from a thin serous or slimy

fluid, containing disintegrating tissue, free oil globules, and a few
leucocytes, to apparently well-marked creamy pus, sometimes darkly

coloured from admixture with blood. In addition, actinomyces and
small round bodies, regarded by Bostrom as spores of the organism,

form the specific elements of the fluid. In acute cases large abscesses

may form ; in the more chronic the collections of fluid are more or

less localised to the individual areas surrounding the organisms, with

the result of the formation of a highly characteristic sponge-like

mass. Bostrom considers this liquefactive process an index to the

life and activity of the organism, and says that when a centre is

exclusively formed by granulation and cicatricial tissue, the fungus

is either inactive or dead.

Symptoms.—The typical sign of actinomycosis is the develop-

ment of a chronic tumour. This enlarges steadily, with a tendency to

reach the surface, when portions become more prominent, soften, and
offer pseudo-fluctuation. If extension be in the direction of the skin,

this becomes reddened or bluish-red, and later a yellow point may form
on the most projecting spot, and spontaneous opening may occur.

The marginal portion of the swelling is characterised throughout by
great induration in the majority of instances. When softened spots

are incised, serous fluid and a little blood only may escape ; and a

mass of soft granulation tissue, yellowish from fatty degeneration,

or brownish from hemorrhage, is exposed. In other cases pus may
be found, thin, slimy, and sweet, or dirty, brown-coloured, and
offensive smelling. Whether forming spontaneously or as the result of

incision, chronic fistulse persist, the mouths of these being irregular

in outline, surrounded by an area of livid skin, often more or less

undermined, and lined with soft readily-bleeding granulations, often

speckled with deposits of the organism. The discharge contains

more or less numerous actinomyces or actinomycotic elements. The
general tendency is to spread constantly, the older portions of the

infiltration inclining to cicatrisation. This tendency is so marked
that when the case comes under notice the original site of infection

may have so completely healed as to be unrecognisable, and to be
traced only by the following up of cicatricial bands at the time of

operation (Bostrom). The whole process is commonly attended by
little pain, fever, or constitutional disturbance. In some cases, how-
ever, the process may, as already explained, be much more acute;

and here fever is a marked symptom, sometimes pyaemic in character,

and exhaustion may rapidly cause a fatal termination.

Primary infections of the mouth are common, and in these cases

the disease has a special tendency to extend along the jaws. A
chronic swelling, often giving rise to little or no pain, slowly creeps

along the jaw, a feeling of tension in opening the mouth is followed

by actual difficulty in moving the jaw and subsequent fixation, the

tumour spreading and involving the neck or parotid region ; or in

the case of the upper jaw, creeping back and involving the base of
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the skull. In other cases the infiltration may extend directly down-
wards to the neck, often involving the vertebrae. In most instances

the swellings follow the chronic course above set out, but acute cases

have been observed attended with severe pain, fever, and oedema of

the floor of the mouth, tongue, and glottis, disappearing only with
spontaneous opening or incision of the affected area, the symptoms
resembling those of angina Ludovici (Partsch).

"When the pharynx is the seat of primary affection, difficulty of

deglutition may precede the formation of a cervical tumour, and
dragging pain in swallowing has been noted in cases of primary in-

fection of the oesophagus. Infection of the gullet is of especial

importance, as thence the process extends readily to the posterior

mediastinum, spine, and lungs, and may come to the surface on the

back. When the lungs are affected, primarily or otherwise, hacking
cough, expectoration (sometimes blood-stained), fever, sweating, and
emaciation may precede the formation of localised empyemata, or the

development of large masses of granulation tissue filling the pleural

space and replacing lung tissue. The abdominal organs may be in-

volved secondarily to primary infection of the intestine, or by invasion

from the thoracic space. Affection of the intestines may be heralded

by pain and digestive derangement, followed by characteristic swell-

ings and abscess formation. Pus from the fistulae often resembles

that from a faecal abscess, and actinomycetes may be present in the

stools. The liver or spleen may be much enlarged and characteristic

abscesses form in them ; and the kidneys or urinary passages may
also be involved secondarily. In the latter case actinomycetes may
be discharged in the urine. Any abdominal or pelvic organ may,
in fact, be invaded. Pressure upon the veins by the indurated

masses may occasion widespread oedema in any situation.

Diagnosis.—The chronicity of actinomycotic disease is its main
characteristic, and the diagnosis may be rendered certain by dis-

covery of the organism in the discharges or in the affected tissue.

It should be borne in mind that the organism may be very sparsely

distributed and is most likely to be found in the discharges and soft

granulation tissue. Tumours have been mistaken for sarcomata, and
the question of actinomycosis may arise in any chronic alveolar

swelling, or in some tubercular deposits. Actinomycotic disease of

the vermiform appendix may simulate ordinary appendicitis. The
common absence of enlargement of the lymphatic glands is a valuable

diagnostic point to be borne in mind.

Prognosis.—Spontaneous recovery has not been observed, though

it appeared possible in a case of pelvic actinomycosis implicating the

urinary and intestinal tracts, reported by W. B. Ransome. The
prognosis depends entirely on the possibility of radically removing

the disease. When this is possible, the prognosis is good ; when vital

organs are implicated, or from the position of the deposits removal

is impossible, death occurs sooner or later. Patients may, however,

live for years.

Treatment.—Extirpation of the deposits with the knife is by far
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the best treatment. Where complete excision is impossible the

sharp spoon gives good results and the two methods may often be
combined. The affected tissue readily scrapes away, but care

must be taken with the firm peripheral portions. Scraping opera-

tions may be followed by slight local relapses, which must be
treated in the same manner ; the wound may be painted with a
strong carbolic acid solution. The course of the disease is said to be
checked by the administration of iodide of potassium (Ransome,
Thomassen, Nocard, Meunier, Netter).
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IX. TAENIA ECHINOCOCCUS.

Etiology.—A cestode worm normally inhabiting the intestine

of the dog, the ova of which when ingested by man, who serves

as an intermediate host, develop into the so-called bladder stage,

producing hydatid cysts.

Hydatid disease is met with in all countries in which the dog
has his habitat, but it is especially frequent in Iceland, Silesia, and
Australia, and is by no means rare in Great Britain. The parasite

has been discovered in wolves, jackals, and a cat found in Brazil,

and may possibly infest other animals.

The worm itself is about a quarter of an inch in length, and
made up of four segments ; of these, the first is the head, about -j-^^

of an inch in width, furnished with four pairs of suckers, and a

central rostellum crowned with a double circlet of hooklets, thirty to

forty in number. The second joint is insignificant ; the third about
twice the length of the second ; while the fourth (proglottis) con-

tains the double sexual organs, a marginal reproductive papilla,

and a large number of eggs, amounting to from 500 to 4,000.

Thousands of these worms may exist in the intestine of the dog,

more or less completely hidden by the villi. Oxen, sheep, and swine
are far oftener the intermediate hosts of the parasite than man, and
these animals, probably in great measure, keep up the supply

of fresh scolices for the further propagation of the disease in the

dog. Sheep dogs and those kept for sporting purposes are specially

liable to be affected ; and persons whose occupation, as is the case

with shepherds, bring them into constant and close association with

these animals, are the most frequent sufferers from the disease.

Hydatid cysts may be single or multiple; their increase is usually

slow, but the rate may be variable ; in some cases they may exist for

a whole life-time. They are most common between the ages of

twenty and forty, are commoner in women than men, and com-
paratively rare in children.
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Fig. 57.—Scolices of Taenia Echinococcus.

Mode of infection.—The ripe proglottides and globular thick-

walled eggs expelled with the faeces of the dog are distributed

over pastures and edible vegetables, and reach supplies of drinking

water, and are therewith ingested by man.

The egg loses its chitinous capsule in the alimentary canal,

and the small embryo, provided with six hooks, migrates into the

tissues, afterwards undergoing cystic transformation. A period of

five months elapses before the cyst reaches the size of a pigeon's

egg, the stage at which scolices and brood capsules begin to develop.

Morbid anatomy.—As with other parasites, the entrance of the

embryo into the tissues

gives rise to irritation

and the formation of a

surrounding zone of

small-celled infiltration,

i which gradually de-

I velops into a well-formed

I fibrous capsule — the

ectocyst of Huxley.

Loosely attached within

this is the true cyst

wall, or endocyst, of

Huxley. This appears

yellowish or dull white, and consists of two elements ; the first, a

highly elastic chitinous membrane arranged in concentric laminae,

the inner layers being those last formed. "When set free, this

membrane curls up in a highly characteristic manner, the outer

layers of the wall being firmer than the inner, and microscopic

examination reveals the striation due to its lamination. Within
this layer is found the germinal membrane, composed of cells,

granular matter, particles of carbonate of lime, muscular tissue,

and a water vascular system.

A cyst so composed may remain sterile (acephalocyst), and yet

attain a considerable size; more commonly the germinal or paren-

chymatous layer gives origin to numerous brood capsules, scolices,

and daughter cysts.

The brood capsules originate, when the parent cyst has reached

the size of a walnut, as small hollow elevations of the parenchy-

matous layer, and from these numerous scolices—as many as thirty

or forty—may be developed. The scolex represents the head of the

entire tapeworm ; it varies in length from -^ to -^ of an inch.

It is solid, cylindrical in form, somewhat egg-shaped posteriorly,

whence a stalk containing nutrient vessels and muscular tissue con-

nect it to the parent cyst wall ; when detached the scolex dies (Fig. 57).

The anterior part, separated from the remainder by a slight con-

striction, the neck, bears four suction-discs, and a central rostelium

with a double crown of hooklets. The latter may be projected when
dead, but earlier lies retracted in a canal formed by the invaginated

neck. The body of the scolex contains numerous calcareous particles.
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Besides brood capsules and scolices, the parent cyst produces
daughter cysts, from which, again, cysts may develop for several

generations, even to reach the number of thousands (echinococcus

colonies). The mode of formation of daughter cysts may be endo-

genous or exogenous. Endogenous cysts, the commoner form, are the

result of transformation of scolices or brood capsules ; exogenous cysts

are formed by the hernia-like protrusion of pouches from the paren-

chymatous through the cuticular layer of the cyst wall. Such cysts

may lose all continuity with the parent cyst lying within the ad-

ventitious capsule. Such is the common condition of multiple

hydatid cysts in bones ; and the same mode of development is common
in the mesentery.

Besides solid elements, the cysts contain fluid, with somewhat
special characters. Hydatid fluid is clear, limpid, colourless, or

slightly opalescent, of low specific gravity (1,004 to 1,015) normally
contains chloride of sodium and no albumen, and usually scolices or

hooklets. If the hydatid has been inflamed or is dead, albumen is

present in greater or less amount (Heller). Succinic acid, in com-
bination with sodium or calcium (Heintz), has been frequently

found a constituent ; also sugar, leucin, and tyrosin in hepatic cysts,

and uric and oxalic acids in renal. In old hydatids the fluid may be
turbid and blood-stained, or actually purulent and foetid.

Another form of hydatid—the multilocular—has been described

by Yirchow ; here no mother cyst is demonstrable, but numerous
vesicles, from the size of a pea downwards, are embedded in gelatinous

substance and enclosed in fibrous trabecule. The vesicles are often

shrunken and mostly sterile, although some hooklets are always to

be found. This form is most frequently met with in the liver and
is rare.

The size attained by individual cysts depends in great measure
on their surroundings ; when these latter are readily compressible,

the cysts may attain an enormous size. When the cysts are so

situated as not to occasion dangerous pressure effects, they may
exist for an indefinite time. The general tendency, however, is

towards death of the parasite ; when this occurs, the fluid may
become absorbed, the cyst wall falls in, the adventitious capsule

contracts, and spontaneous cure is effected. After this process an
aggregation of soft shrunken cysts, or a solid caseous mass, liable to

more or less calcareous degeneration, may represent the original

colony. In other cases—especially in the abdominal cavity—suppura-

tion may occur. The most dangerous termination, due usually to

the pressure exerted by the accumulation of fluid and daughter

cysts, is rupture ; in the abdomen this may lead to acute inflamma-

tion or signs of collapse and death, or, in the lung, the sudden
accumulation of fluid in the air-tubes may suffocate the patient.

The commonest seat of this disease is the liver, then the lungs

and kidneys ; cysts may, however, occur in any organ of the body,

or in the connective tissue throughout. The common selection of

the liver, no doubt, depends on the ease with which the parasite

l 2
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reaches the portal circulation. Cysts may be single or multiple ; the

latter condition is far less common, and is most often seen in the peri-

toneal cavity. In cases of multiple hydatids the liver rarely escapes.

Symptoms.—The symptoms of hydatid tumours depend entirely

on the region or organ affected, the early ones being the result of

pressure on the surroundings of the cyst, the later ones on the

supervention of inflammation, or possibly on rupture of the cyst.

Spontaneous cure of the hydatid, with consequent contraction of its

bulk, may lead to the cessation of all symptoms, or this may
occasionally result from rupture of the cyst, with discharge of its

contents, either into a hollow viscus or externally.

The signs of a hydatid cyst are those common to collections of

fluid, the special characteristics being high tension and the occasional

existence of a peculiar vibratory thrill, obtained by placing the

fingers of the left hand on the tumour, and tapping the middle

finger with one of the right hand. Rupture or puncture of a cyst is

sometimes followed by the development of an urticaria-like or

diffuse erythematous rash, accompanied by much itching. It must
be borne in mind that shrunken cysts often persist as firm solid

tumours, occasionally pedunculated and very movable.

Diagnosis.—The diagnosis is usually made by exclusion ; in some
cases it is self-evident if daughter cysts be discharged. In cases

of doubt, puncture may clear up all difficulty, but in cases of visceral

hydatids this should never be undertaken willingly without consent

having been obtained for the surgeon to proceed to a radical opera-

tion, and in some cases is strictly contra-indicated as a dangerous

proceeding.

Prognosis.—The disease may give rise to little trouble, and all

symptoms may subside spontaneously; it is remarkable how often

old hydatids are met with in the autopsies of persons dying from
other causes. Beyond this, the prognosis depends on the organ

affected, and if this is one to be readily reached and operated on,

the prognosis is decidedly a good one. Spontaneous opening of the

cyst may, either in the case of the lung or of the intestinal canal,

be followed by recovery.

Treatment.—The surgical treatment of hydatid disease consists

in either incision and drainage, or complete removal of the cyst at one
operation.

In the subcutaneous tissue the cysts are readily extirpated

entire. When within a serous cavity, the mode of procedure differs

as to whether inflammation has occurred or not. If suppuration has

occurred, a free incision may be carried into the sac, if adhesions

have shut off the general serous cavity. The sac should then be

irrigated, and the membrane as freely evacuated as possible by
gentle manipulation ; drainage will, in these cases, be necessary for

a considerable period.

When no inflammatory changes have occurred, Volkmann's
operation in two stages is the safest. In the first stage, the cyst is

laid bare by an incision, the wound is packed to ensure gaping, and
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an interval of three to five days is allowed for the development of

adhesions, shutting off the general serous cavity. On the fourth to

the sixth day the wound should be uncovered and the cyst freely

incised, after the presence of sufficient adhesion has been determined.

The fluid and daughter cysts having been evacuated, the loose

adhesion of the true cyst wall to the adventitious capsule generally

allows the former to be completely separated, either by irrigation or

gentle manipulation. A drainage-tube is inserted, and kept in for

from forty-eight hours to a few days. Recent progress in aseptic

methods allows the whole operation to be done in one stage, the cyst

being sutured to the parietal serous layer and skin, if necessary, after

slacking of the tense cyst by puncture with a very fine trocar. This

offers some advantage with regard to time, but is less safe and in

ordinary cases not to be recommended.
In cases of sub-phrenic hydatids, or hydatid cyst of the upper

surface of the liver, it may be necessary to reach the tumour through

the thorax. When suppuration has occurred, it is not rare to find

the lower part of the pleural cavity obliterated, and in this case, after

partial resection of a rib to get sufficient room, the cyst may be at

once evacuated. If this be not the case, the parietal pleura of the

lateral wall and that of the diaphragm must be united with sutures

and the diaphragm incised, and the operation completed in a subse-

quent second stage, as already described. In the case of large

visceral or subperitoneal hydatids, it is well to bear in mind that it

is not always possible to extirpate the cyst wall completely, and that

in such a long and very chronic fistula may persist for some time, in

fact in such cases prolonged suppuration may give rise to lardaceous

disease of the viscera. In some cases of hepatic, and in renal hyda-

tids, the sac may be reached from the lumbar region without injury

to the peritoneum. Mention should also be made of Landau's method
of so suturing the liver to an abdominal wound as to bring the cyst

into view, in cases of affection of the upper or posterior surfaces.

Pedunculated hydatids should be removed entire. When mul-

tiple, the cases are often beyond surgical treatment; two or three

are best treated by successive operation ; when more numerous the

dangerous alternative of puncture is all that remains. The surgeon

may occasionally be called to a case in which rupture of a cyst into

the peritoneal cavity has occurred ; such information as exists on
this subject is decidedly in favour of incision, irrigation with sterilised

water, and drainage.

Mention must be made of the time-honoured treatment by puncture
in order to emphasise its dangers. It should never be resorted to

except as a preliminary to incision, and here only when in doubt.

Although many cases of apparent cure are on record, yet the occur-

rence in favourable cases of hydatid urticaria, in others of death

from acute poisoning, or from flooding of an organ such as the lung,

and the possibility of causing spread of the disease by infection of a

serous cavity (Volkmann), absolutely contra-indicate it as a normal
method of treatment.
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X. DELHI BOIL.

iEtiology.—This disease is known also as Oriental sore (Aleppo
boil, Biskra button, Gafsa button, Kandahar, Penjeh, or Natal sore).

It is a local sore, probably the result of infection by organisms,

the nature of which has not been discovered. Considerable doubt
exists as to the specific nature of the disease, which is met with in

tropical and sub-tropical regions under various names.

In India it has been especially commonly seen in Delhi, though
less frequently of late. It has also been common in other parts

of India, Asia Minor, Arabia, Persia, Syria, northern Africa, the

Mediterranean islands, etc.

Its occurrence is somewhat influenced by season, being most
frequently met with at the end of the wet season in India ; in Biskra

particularly in September, October, and November. Sex and age
affect its occurrence little, and one attack gives no immunity from
recurrence. The boil develops on the uncovered parts of the body,

especially the face, and successive inoculations may occur in the

same subject. The period of incubation is very variable.

Mode of infection.—It has been suggested that infection by
water used for ablutionary purposes is a source of infection ; also that

winged insects may transport the virus.

Symptoms.—Local itching, which may last some time, is followed

by the development of a small red area, not unlike an inflamed

mosquito bite, from which radiating vessels sometimes pass. The
red spot becomes papular, gradually increasing in size, until it

reaches the size of a pea or more, and desquamates. It is indolent,

pricks on pressure, and is entirely limited to the skin and sub-

cutaneous tissue. After some weeks, or even months, the dull

red surface is seen to be dotted with deep yellowish-white spots,

possibly inflamed hair follicles, and later serum exudes from the

central part, gradually drying and accumulating in a scab. The
scab increases in thickness to as much as a quarter of an inch, is

greyish in colour, or, if hemorrhage occurs, of a brownish hue. It

is very adherent, and if left alone, may last for months. Beneath
this scab ulceration begins, progressing the more rapidly with the

less care given to the part. The ulcers are indolent, oval or irre-

gular in outline, the margins sharp or bevelled in character, the floor

uneven, covered with yellowish or sanious pus, and in parts,

especially in the centre, covered with frambesia-like prominent
granulations sometimes dotted with minute blood extravasations.

The ulcers may reach three-quarters of an inch in diameter ; they

may be single, grouped, or multiple on different parts, to the number
of forty or fifty. There is little surrounding inflammation and no
lymphatic glandular enlargement.

The duration of the process is very variable. After from two to

six months the scabs may separate spontaneously, leaving an incom-

plete thin red cicatrix, with rapidly-healing granulations in the centre
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In other cases the ulcer heals very slowly from the margins, often

giving rise to considerable deformity, such as ectropion or deformity

of the alee nasi ; the hair follicles over the affected area are destroyed.

When on the limbs, cicatricial contractions of the joints may result.

The local process is accompanied by no constitutional symptoms,
but may be complicated by more or less serious attacks of acute

lymphangitis or erysipelas.

Diagnosis.—The diagnosis must be made by attention to the

history and the district in which the disease originated.

Prognosis.—This is good as to recovery, but cicatricial contrac-

tion may give rise to permanent deformity. Complications such as

those mentioned above may give rise to a fatal issue. The progress

of the disease may extend over months, or even a year or more.

Treatment.—The papule in the early stage may be destroyed

with the actual cautery (Murray), or acid nitrate of mercury may
be used for the same purpose. Painting the papules with a solution of

iodoform in collodion is recommended by Hickman. When ulceration

has occurred, the sharp spoon may be used to remove granulations

and the base of the sore treated in a similar manner (Woolbert).

In any case, care should be taken that the discharge from the

sore is not allowed to produce a fresh spot by inoculation ; and
bearing in mind the possible origin of the disease in the water used

for washing, this should be sterilised by boiling before use.

XL CHIGOE OR JIGGER.

.^Etiology.—This is an insect (Pulex penetrans) resembling the

common flea, but about one-half to one-third of its length, and pro-

vided with a proboscis equalling in length the remainder of the body.

The insect is met with in the tropics of Africa, America, and
the West Indies, attacking natives, and not infrequently Europeans,
especially children who are apt to run about with bare feet. The
neighbourhood of the toe-nails is the favourite seat of invasion,

but the scrotum and other parts of the body are occasionally

affected. The impregnated female buries her head and proboscis in

the skin and swells up, remaining in situ, if not interfered with,

until her eggs are matured and extruded, and causes local irritation,

inflammation, and suppuration.

Treatment.—In the case of Europeans, care should be taken in

affected districts not to place the bare feet on the ground. Natives

may anoint the feet with turpentine or carbolised oil as a protective.

When the insect has obtained entrance, it should be removed with a

blunt needle, care being taken not to injure the body, or troublesome

ulceration may ensue. If the insect be injured in extraction the

wound should be treated with a strong solution of nitrate of silver.

XII. TRICHINA SPIRALIS.

iEtiology.—This is a nematode worm, which, when introduced

into the alimentary canal, develops numerous embryos, which migrate

from the alimentary canal into the voluntary muscles of their host.



328 SURGICAL DISEASES DUE TO PARASITES.

The worm infects many animals—swine, rats, cats, dogs, hedge-

hogs, moles, horses, calves, rabbits, guineapigs, etc.

When an animal is fed on flesh containing the embryos, the

worm develops rapidly, and fully-developed examples may be obtained

from the intestine at the end of two days. The female is the larger
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Fig. 58.—Sections of Muscle containing Trichina Spiralis.

a. Longitudinal ; b, transverse.

(ra" *° t °^ an ^ncn m length), and when six days old is found to

contain numerous embryos, averaging at least 150 to each parent.

The male worm is shorter (Jg- to -i- of an inch in length), and pro-

vided with two conical projections at its caudal extremity.

The embryos set free in the intestinal canal migrate into the

tissues, and are carried by the lymph stream into the general cir-

culation (Askanazy), thence to be distributed in the voluntary

muscles—their special habitat. Here they acquire an alimentary

canal and rudimentary sexual organs, and at the end of the fourth

week from leaving the intestine they assume a rolled-up form, and
an adventitious capsule is developed around them (Fig. 58). This

capsule is provided by the enclosing tissue, and more or less rapidly

undergoes calcification, this process reaching a high degree at the

end of twelve months. The parasite now remains quiescent, and
may in time degenerate and perish ; or by the death of its host,

when an animal, it may be transferred to a new one, and again

proceed to full development. Human muscle containing the para-

site is pale or reddish-grey in colour, and the fibres tend to lose

their normal striation and become fissured.

Mode of infection.—The disease is acquired by eating trichinous

flesh—commonly pork, either raw or imperfectly cured or cooked.

Symptoms.—The special symptoms of trichinosis depend on the

affection of the voluntary muscles ; these appear in a week or a
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little later after infection. Stiffness and flexion of the elbows and
knees are usually first noted, and this is followed by rigid extension

of both limbs and trunk. Rigidity of special sets of muscles, such

as those of mastication, of the eyeball, and of respiration, give rise

to characteristic signs. The muscles feel swollen and tense, and
are tender. CEdema of the eyelids, and later of the face and limbs,

is sometimes observed when the disease is fully developed. The
general symptoms before the appearance of the muscular signs are a

feeling of lassitude, loss of appetite, perhaps nausea, sleeplessness,

and slight fever. Later, the temperature may rise to 102°; the

pulse is accelerated, and there is often profuse sweating. The tongue
becomes dry, red, and furred, and the bowels are constipated ; or

sometimes diarrhoea is met with.

Diagnosis.—The rigidity of the muscles is the only sign likely to

give trouble ; if a wound existed, the question of tetanus might arise.

Attention to the history of the case and date of the advent of

symptoms, examination of the faeces for worms, possibly the removal
of a portion of the patient's muscle for examination, would be means
of arriving at a correct conclusion.

Prognosis.—Severe cases may prove fatal in four or five weeks,

the patient dying of exhaustion, ulceration of the colon, or pneu-

monia. If the patient recovers, three or four months at least must
elapse before the patient is convalescent. The most important point

in the prognosis is the number of embryos which have reached the

muscles, and this can only be judged of by the amount of stiffness,

pain, and swelling which exists.

Treatment.—This consists in clearing the patient's bowels of the

parent worms as fully as possible ; to this intent, calomel or castor

oil in large doses may be given. Glycerine is stated to have been
successfully tried as a curative medicine in the United States.

As a preventive to the disease, thorough cooking of the meat is

the only requisite; hence, probably, the rarity of the disease in

Great Britain.

XIII. GUINEA WORM.
JEtiology.—This is a nematode worm {Dracunculus medinensis),

which, introduced into the alimentary canal of man in the larval con-

dition, migrates thence into the tissues, and is eventually discharged

as a fully-developed worm from the surface of the body.

The parasite is met with in tropical climates (West Coast of

Africa, Upper Egypt, Soudan, Nubia, Abyssinia, banks of Ganges,

Persia, Arabia Petrgea, Mauritius, Curacoa, Antilles, Bahia).

The female worm, when met with in the tissues, lies coiled in the

long axis of the limb, the head towards the distal extremity. The
length varies considerably : thus, from one foot to forty inches (Ewart),

but extremes from six to twelve feet have been recorded. The
largest have been observed in Africa. The body is milk-white in

colour, cylindrical, of an uniform diameter of T\, of an inch, ending

posteriorly by a pointed recurved tail, anteriorly by a rounded head,
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with a central opening surrounded by six small eminences. An
enormous number of embryos are contained in the body, which,

when set free, live and move actively for several days in water.

Having attained full development in the human body, the female

worm discharges numerous embryos, and is expelled. The embryos
set free in water enter an intermediate host in the form of a small

crustacean of the genus Cyclops. After a stay of 35 to 36 days in

the intermediate host, the embryos, having attained full larval

development, may be conveyed in drinking water with the host into

the stomach of man. Sexual maturity is accomplished here ; the

male worm probably perishes and is discharged with the foeces, and
the female worm migrates into the tissues (Fe'dschenko). In the

vast majority of cases the worm escapes from some point in the

lower extremities. Thus, in 1,000 cases collected by Tilbury Fox,

this occurred in 98 }3er cent. ; and among 300 cases observed by
Horton, in 206 instances the feet and ankles formed the seat of

emergence. It has been, however, observed to come to the surface

at the chin, in the floor of the mouth, at the orbit, nose, head, hand,

scrotum, and over the chest Avail. The worm has not been met with

in internal organs. It is usually single, but has been met with in

large numbers.
The period of incubation varies perhaps from twelve to fifteen

months.

Symptoms.—When the adult worm reaches the subcutaneous

tissue, an elongated swelling, somewhat resembling a thrombosed vari-

cose vein, is developed. The worm may still continue to travel, but
eventually considerable local pruritus precedes the development of a
small vesicle or boil. When this ruptures, a serous fluid—clear

if the worm is entire, turbid if embryos are already free

—

escapes, and the head of the worm appears at the bottom of a small

cavity. The worm may now be expelled or removed, or sometimes

the opening may heal, and a fresh swelling forms in the neighbour-

hood. In other cases considerable inflammation and the formation

cf an abscess have been observed, the inflammation and suppuration

being sometimes severe enough to cause serious general symptoms.

Diagnosis.—The character of the swelling and vesicle, together

with the locality in which they are met with, are usually sufficient

for the formation of a correct opinion. Difficulty may occur in

special regions ; thus in a case reported by Duncan, in which the

scrotum formed the seat of the tumour, orchitis was simulated.

Prognosis.—The disease affords no danger to life except in the

cases where severe inflammation gives rise to complications. Severe

subsequent contractions have been observed (Horton).

Treatment.—If undisturbed the worm is eventually expelled

from the opening by which the embryos have been discharged in an
average period of from fifteen to twenty days (Forbes). Manson
recommends that this process should be allowed to complete itself

spontaneously, unless the conditions are such as to allow the radical

extirpation of the entire parasite at one sitting by excision. In
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regions where the disease is endemic, the operation of removal is often

performed by the local barber, the worm being gradually extracted by
winding it around a stick for several days. The main precaution

necessary is care against rupturing the worm, and setting free the

embryos in the subcutaneous tissue : an accident readily occurring,

and usually followed by the development of severe inflammation
and suppuration. Horton recommends the internal administration

of tincture of asafcetida in 5j to 5ij doses, which, he says, kills the

worm and contained embryos, and allows of their safe extraction.

XIV. FILARIA SANGUINIS HOMINIS.

./Etiology.—This is a nematode worm (Filaria Bancrqfti), which,

gaining entrance to the body, migrates into the lymphatic vessels,

and produces numerous embryos. The latter pass into the lymph
stream and thence into the general circulation. In certain cir-

cumstances the embryos give rise to lymphatic obstruction, and the

consequent development of lymph scrotum, elephantiasis, chyluria,

or chylous serous effusions.

The parasite is met with in China, Japan, India, Mauritius,

Bermuda, West Indies, Guiana, Brazil, Queensland, Malay Penin-

sula, Egypt, Zanzibar, West Coast of Africa, United States,

Tahiti, New Caledonia, Madagascar, and South of England (Manson).

The young worm is probably ingested with drinking water, bores

its way from the stomach, and eventually selects a spot—most
commonly in the distal lymphatics of the extremities—as a per-

manent resting-place. Thence the embryos are discharged, the

parent worm living an almost indefinite time ; thus, cases are

on record in which symptoms persisted twenty-eight, thirty-two,

and even fifty years (Roberts ; Manson). One pair of worms
appears sufficient to produce all the symptoms of the presence of

the parasite, but a number may be present ; thus, in a case re-

ported by Maitland, three male and five female worms were dis-

covered coiled up in a mass, apparently within a lymphatic channel.

Circumstances have not up to the present allowed an exact descrip-

tion of the male worm, which long remained undiscovered. The
female is about three and a half inches in length, -^-^ of an inch

in breadth, uniform in calibre. The head is provided with a

circular mouth and is destitute of papillae. A narrow alimentary

canal runs from the simple club-like head to within a short distance

of the blunt-pointed tail, the remainder of the body being entirely

occupied by the reproductive organs packed with numerous em-

bryonic filarise. The reproductive outlet is close to the head.

(Cobbold ; Manson).
The embryo when born is enclosed in a, shell or sheath, within

which it may be either coiled up or extended, and which it retains

permanently while within the human body. This variation in form

at birth is of extreme importance, the coiled embryo of oval shape mea-

suring -g^ x y^- of an inch, while when uncoiled its measurements

l* 2
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Fi 59.—Embryonic Filarial in Blood.
The red discs are somewhat
shrunken, also the sheath of the
embryo.

are yt x tsVo °^ an incn - When uncoiled, it is rounded at the

anterior extremity and tapers posteriorly, the retained sheath pro-

jecting as an empty space behind the minute worm, which does

not completely fill it longitudinally. According to Manson, the

coiled embryo, which he regards as an abortion, is responsible from

its large size, for the lymphatic obstruction. Lodging in the efferent

vessels of the glands, it interferes more or less with the passage of

lymph, causing dilatation and vari-

cosity of the vessels, or complete ob-

struction. The uncoiled embryo, on
the other hand, which nearly corre-

sponds in width with the red blood

discs, readily traverses the blood-

vessels, and it is this which is found
in the general circulation (Fig. 59).

The presence of the embryonic
filarise in the cutaneous blood-

vessels undergoes diurnal varia-

tions. While the patient is moving
and active during the day, none are

found, but they appear between six

and eight p.m., increase in number
till about midnight, and then they

gradually decrease, to disappear entirely about eight or nine a.m.

S. Mackenzie observed that the retention of a patient in bed during

the day resulted in a reversal of the order of appearance of the filarise.

Manson describes two further distinct forms of filaria embryo,

one of which is found during the day only ; the other is present both

by day and night.

The embryonic filarise undergo no further development in the

human body ; but according to Manson's observations, they find an
intermediate host in the mosquito. This insect, biting at night,

abstracts blood containing embryos, and during the four to six

days which it lives prior to depositing its own eggs, the embryos
acquire a mouth with three or four nipple-like papillse, an alimentary

canal, rudimentary generative organs, and a peculiar three-lobed

caudal appendage. After depositing its eggs upon water the

mosquito dies, and its body with the contained tilaria3 falls into

the Avater also, ready to be ingested by man.
The presence of the adult worms does not appear to cause any

of the more serious symptoms of the disease beyond lymphangitis,

although its death may occasion the formation of an abscess.

Obstruction of the lymph stream by the embryos is followed

by dilatation and varicosity of the lymphatics (lymphangiectasis),

lymphatic oedema, and sometimes by the development of lymphatic

vesicles on the body surface, which may rupture (lymph scrotum,

see Art. XXVI.) ; or communications may take place by the rupture

of dilated lymphatics with the urinary passages (chyluria) or serous

cavities (chylous ascites, chylocele, etc.). Lymphatic oedema may be
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followed by hypertrophy of the skin and subcutaneous tissue, and the

development of elephantiasis of the scrotum or lower extremities

(Elephantiasis Arabum, see Art. XXVI.).
Symptoms.—The presence of the adult parasite may be evi-

denced by attacks of lymyphangitis, leaving behind them definite

indurated spots and the presence of embryonic filarise in the blood.

Chyluria may be intermittent and yet persist for many years. The
urine—most characteristic after a full meal—is milky-white, when
passed ; setting into a mass, which again liquefies, a creamy material

collecting on the surface and a deposit more or less pink, from the

admixture of blood, falling to the bottom of the vessel. Similar

coagulation occasionally takes place within the bladder, giving rise

to painful and difficult micturition. Examination of the urine

reveals fat globules in an extremely fine state of division, granular

matter, leucocytes, often red blood discs, and filarise. Albumen may
be present in considerable quantity.

The filarise should be sought either in the clots floating beneath
the creamy layer which collects on the surface of the urine after it

has stood for some hours, or in the deposit at the bottom of the

vessel. It is almost useless to attempt to find filariae in a drop of

newly passed urine (Manson).

Diagnosis.—The presence of embryos in the blood or in chylous

secretions is the crucial test of the filarial origin of cases of lym-
phangitis, lymphangiectasis, elephantiasis, chylous ascites, chylocele,

or chyluria ; but it must be borne in mind that all these conditions

may be met with independent of the parasite, and that in every
case due regard must be paid to the diurnal variation in the pre-

sence of filarial embryos in the cutaneous blood-vessels, and its

occasional complete intermittence. According to Manson also, filarise

may still be discovered in lymph obtained from parts affected by
elephantiasis, when none are to be found in the blood stream, their

entrance into the general circulation being prevented by complete
obstruction of the lymph stream.

Prognosis.—Filarial disease may persist for many years and
patients usually die from other causes.

Treatment.—No method of destroying the adult parasite by
internal treatment is known ; but a promising result has been
obtained b}T Maitland by excising an indurated mass in the course

of the lymphatics containing the parasite. Although this operation

did not prove radical, yet, as Maitland remarks, it shows that it is

possible in some cases to localise the position of the parasites and
to remove them. Beyond this, however, it points strongly to the

common multiple existence of the worms, an unfavourable element

to the success of the treatment. A number of cases of lymphan-
giectasis have also been treated by excision with no untoward local

results, but up to the present no cases of radical cure have been
recorded. The treatment of elephantiasis is referred to in Article

XXVI. Prophylaxis naturally consists in the thorough boiling

and filtering of water used for culinary or drinking purposes.



334 SURGICAL DISEASES DUE TO PARASITES.

References.

Lewis :
" On a Haematozoon inhabiting Human Blood, 1872.

Manson : Pathological Transactions, 1881, vol. xsxii. p. 285. British Medical
Journal, 1894, vol. i. p. 844. Also Davidson's "Hygiene and Diseases of Warm
Climates," 1893, p. 788.

S. Mackenzie: Pathological Transactions, 1882, vol. xxxiii. p. 394.

Maitland : British Medical Journal, 1894, vol. i. p. 844.

XV. BILHABZIA H^EMATOBIA.

./Etiology.—A trematode worm, which gains entrance into the

venous circulation, becomes encysted, and produces numerous ova,

which are deposited in the tissues and escape from mucous surfaces,

giving rise to symptoms the most striking of which is hsematuria.

The parasite is common in Central and Eastern Africa, Mada-
gascar, Mauritius, and Egypt. In the last-named country the

disease produced appears to assume a particularly severe form.

Both the male and female worm are known. The male is white
in colour, half an inch long, and about as broad as an oxyuris ; the

body is covered with microscopic tubercles, except about the an-

terior extremity and gynephoric canal. The female is darker in

colour, especially at the posterior extremity, half as long again as

the male, no wider than a fine thread, and covered with fine prickle-

shaped projections. Both sexes are provided with two suckers : one

at the anterior extremity, corresponding to the buccal opening,

and one at the posterior end, serving for fixation, also with an
alimentary canal and distinct generative organs.

The ova embedded in the tissues or as voided in the urine are

oval in outline, measuring ^-i-g x g^ of an inch, and provided at the

narrow end with a spine 2-0V0 °f an mcn m length (Fig. 60). The
latter is occasional^ absent, and is said to be placed laterally in ova
embedded in the walls of the large intestine (Manson ; Zancarol).

The shell is transparent, and within it the embryo may be seen in

varying stages of development, the more mature specimens attain-

ing dimensions of y^- to y^ x 3^ of an inch. When placed in

water the shell bursts and the ciliated embryo, set free, assumes an
elongated form and moves actively. It then either enters an
intermediate host, as yet undiscovered, or dies in a few days.

Mode of infection.—The embryos are ingested with drinking

water, the vehicle being possibly some small mollusc, such as the

Cyclops conveying the embryo of the Guinea worm. The disease is

never seen in Egypt amongst those who habitually drink filtered water.

The period of incubation is said by Brock to extend probably

over four months. The mature worm is found in the human body,

located in smooth-walled cavities in connection with the portal vein

and its radicles, its occurrence in the systemic circulation being

practically limited to the vesical veins. The female worm is rarely

discovered at post-mortem examinations, and never in the portal

vein, although the males are often found in this vessel to the number
of several dozens, if it be opened previous to the removal of the liver

from the body. No evidence exists as to the mode in which the
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Fig. 60.—Ova of Billiarzia Hasuoatobia in
Longitudinal and transverse sections.

ova are deposited in the tissues or reach the surface of the mucous
membranes. They have been found in large quantities in the substance
of the kidneys, ureters, bladder, urethra, prostate, seminal vesicles, me-
senteric glands, rectum, and in warty vegetations of the skin of the
perineum and in the

neighbourhood of the ex-

ternal genitals. They have
also been found in the

liver, lungs (Mackie), and
left ventricle of the heart

(Griesinger). When old,

the shells undergo cal-

careous degeneration.

Empty shells have been
discovered in the tissues

;

but there is no evidence

to show that the entire

cycle of existence of the

parasite can be completed

in the human body. The
escape of the ova from the

mucous surfaces is at-

tended with hemorrhage,
and their presence in the

tissues induces a condition of chronic inflammation. This is

usually most marked in the bladder, but may extend thence to

the ureters and kidneys, giving rise to hydro- or pyelo-nephrosis,

and even destruction of the kidney. The basal and posterior part

of the bladder are especially, sometimes exclusively, affected ; here

in the early stages inflamed ecchymosed patches, i to |- an inch in

diameter, are seen on the mucous membrane, covered with slimy

mucus or yellow exudation. Later, soft granular deposits, encrusted
with urinary salts, are found, and warty vegetations develop on the

mucous membrane, or chronic irritation may lead to the develop-

ment of papillomata, the walls of the viscus becoming thickened

even to the extent of one inch or more, the tissues containing

numerous ova. The ova not infrequently serve as nuclei for the

formation of vesical calculi. Similar chronic inflammatory changes
may extend to the ureters, these becoming thickened and dilated to

the size of the little finger, and the mucous lining is often encrusted

with fine gravel. The rectal mucous membrane when affected

develops small polypoid growths, and later small round ulcers.

Symptoms.—The disease is common in young males, but has

been observed at any age (J. Harley). It is comparatively rare in

females in Egypt, perhaps from the fact that they mostly drink in

the house, and not in the fields, and hence drink water from
the surface of jars in which the ova have settled to the bottom.

The most prominent symptom is hematuria ; but this may be
preceded by uneasy sensations in the loins and perineum. The
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blood is either passed unmixed at the end of micturition, or is

more abundant then if the urine is generally tinged. It may-

be passed in clots, containing large numbers of ova, pain being
experienced during their expulsion ; or when the blood origin-

ates in the ureters, the passage of clots may simulate ordinary

renal colic. The hsematuria may be intermittent, or the blood at

times be so sparse as to be discoverable only by tests or microscopic

examination. Pain due to subacute cystitis and frequent mictuii-

tion, accompanied by a burning sensation, perhaps due to the passage

of ova, are the signs which commonly bring natives to the surgeon,

as they often think little of the hsematuria. When dependent on
the passage of clots or calculi, it closely resembles that observed in

ordinary cases of stone. Symptoms of pyelitis or surgical kidney
may develop later. The urine is strongly acid, of high specific

gravity, contains blood, albumen, crystals of uric acid or oxalate of

lime, epithelial cells, tissue debris, and numerous ova in the early

stages. Later, the acidity and high specific gravity are less marked
and tissue debris is more abundant. Ova are frequently to be found
when the patient considers himself quite free from the disease.

General symptoms are slight until the loss of blood is sufficient to

tell on the system, when extreme anaemia, or pyrexia, dependent on
inflammatory changes, may be met with. It is, however, remark-

able how little the majority of the patients suffer from the loss of

blood. When the rectum is affected, dysenteric symptoms occur.

Diagnosis.—This is to be made by inquiries as to the district in

which the disease was incurred, and by detection of the ova in the

urine or fseces. It may be necessary repeatedly to examine the

excretions for the ova, as they are often sparse in number. The
drops of blood which follow the flow of urine should be examined
separately, or, if this be impracticable, the deposit at the bottom of

the vessel should be examined after the contents have stood for

some time.

Prognosis.—The disease has a tendency to wear itself out, if

constant re-infection be not incurred, and is only immediately dan-

gerous from the loss of blood. It may, however, continue for years,

and the patient may suffer from secondary renal or vesical disease

at a very late date. Death most commonly results from asthenia,

the patient becoming worn out by his bladder trouble, occasionally

aggravated by rectal tenesmus, or dysenteric diarrhoea may some-

times prove fatal.

Treatment.—No specific treatment is known. The use of iron

and arsenic is indicated to combat the anemia, while the bladder

symptoms and tendency to the formation of calculus are to be

treated with the ordinary remedies for those conditions from other

causes. Violent exercise must be forbidden, and complete rest

enjoined during attacks of hsematuria. Liquid extract of male fern

in doses of 20 to 25 minims thrice daily does temporary good by
relieving the burning sensation attendant on micturition and the

constant desire to pass water ; moreover, during its exhibition, the
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ova in the urine are tempoi*arily diminished in number. Methylene
blue given in 5-grain doses as a wafer, repeated every few days, also

occasionally gives marked relief, when pain is severe. Morphia may
be needed to allay pain. In very severe cases preprostatic puncture
of the urethra, followed by daily irrigation of the bladder, has proved
successful as a palliative measure (Mackie).

In districts infected with the parasite care must be taken either

to sterilise drinking water thoroughly by boiling, or to ensure efficient

filtration. Bathing should be forbidden or discouraged, special warn-
ing being given of the danger incurred in swallowing water.
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XVI. MADURA FOOT, MYCETOMA.

Etiology.—This is a chronic disease of the foot, and less com-
monly of the hands, due to the entrance of a vegetable organism, with

consequent development of granulation tissue and suppuration, all

tissues of the limb being invaded indifferently.

Madura foot is met with throughout India, but most commonly
in the district of Madras, from which it lias received its name. A
case has been observed in Italy (Bassini), but otherwise it has not

been seen in Europe. It attacks especially adult male natives,

particularly those who work barefoot in the fields.

Originally confounded with tubercle, Carter, after careful in-

vestigation of the disease, ascribed its origin to the entrance of

a vegetable parasite, and the discovery and investigation of the

actinomyces led him to infer the presence of a similar organism in

madura foot. Striking differences, however, exist between the two
diseases, madura foot affecting external surfaces alone, while actino-

mycosis is common in the alimentary and respiratory tracts, and the

organs and tissues in close relation with them ; and again, actino-

mycosis occasionally spreads by embolic metastasis to distant organs :

an occurrence not observed in madura foot, and one which is, per-

haps, the more striking, since the hyphse of the organism have been
observed within the blood-vessels by Boyce. Becent observers have
studied the organism in preserved specimens in the light of present

knowledge, but cultivation and inoculation experiments are still

needed to clear up its actual nature.

Kanthack regards the fish-roe bodies as a form of actinomyces,

and the black masses in their most perfect shape as also of this

nature, the relation between the two forms being established by the

occasional occurrence of a degenerated form of the yellow variety,

not wholly unlike the black masses. Boyce and Surveyor, on the

other hand, regard the yellow masses as consisting largely of caseous

material, with the remains of a lowly-organised fungus, presenting
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in very many instances some of the characteristics of the actinomyces

;

while they describe the black particles as a curious metamorphosis
of a large branching septate fungus. They suggest, therefore, that
the two varieties are distinct, but consider both fungi pathogenic.

The division of the disease into two forms has originated solely

from the different appearance of the contents of the abscess cavities;

otherwise, the pathological process is practically identical in each.

Mode of infection.—Probably the development of the disease
is always preceded by a slight injury or abrasion, but owing to the

chronic course of the disease,

this is often missed in the

history.

Morbid anatomy. —
The disease may be limited

to the connective tissue

planes, but in old cases more
commonly invades all the

Fig. 61. -Sagittal Section of a Foot affected with Mycetoma.
Museum.)

(St. Thomas's Hospital

tissues of the limb, inducing the formation of abundant granulation

tissue, numerous abscess cavities, and fistulse. The abscess cavities,

lined with firm cicatricial tissue, may be isolated, or intercommu-
nicate freely by tortuous fistulse, which reach the surface. They
contain either a dark granular substance, much resembling coarse

gunpowder (black variety), or small aggregated particles resembling

fish-roe (pale or ochroid variety). The fatty tissue of the limb is

especially prone to invasion, the muscles less so. The short bones

are usually the most markedly affected : they are softened and
excavated, the cancellar walls are atrophied and opened out and the

spaces filled with a greasy pulp ; or smooth connective-tissue-lined

cavities, identical with those seen in the soft tissues, may be deve-

loped. More rarely the affection extends to the long bones.

Symptoms.—The early development of the process is very slow.

A small localised induration often between the toes, or upon some
part of the dorsum or sole of the foot, is the first sign ; the skin
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becomes discoloured and the formation of a papule or nodule
followed by suppuration, ensues. There is often little pain, and
the first pus offers nothing characteristic in appearance ; later, the
granules, or fish-roe particles, form a constant constituent. In some
cases the discharge of black granules is foreshadowed by a black-

mottled discoloration of the skin prior to the formation of the
fistula. The formation of the first fistula is followed by the
appearance of others, developed in a similar manner. The foot may
enlarge to two, three, or four times its natural size, becoming
riddled with fistulse, " surrounded by raised margins, or opening on
the summits of elevated tuberculations " ; at times the openings are

crater-like, or surrounded by mammillated projections, beneath
which frequently minute yellow or black particles can be seen. In
the black variety the orifices are often more or less completely

plugged by irregular little aggregations of black substance, or

granules, which can be picked out. The use of the foot in the

earlier stages induces flattening of the arch and the toes become
hyper-extended. (See Fig. 61.) The disease may extend upwards
to the leg, or even higher. The progress is always chronic, but
varies in rapidity in individuals ; it is often one or two years before

the foot is useless, and the disease may last for many years—even
twenty to thirty. As in actinomycosis, infection of the lymphatic
glands does not occur.

The local process is unattended by constitutional symptoms, but
prolonged suppuration may eventually be followed by exhaustion or

visceral disease.

Diagnosis.—In districts where the affection is endemic, atten-

tion to the history and the characters of the discharge should suffice

to determine the nature of the case.

Prognosis.—Spontaneous recovery is unknown, but the disease

offers no dangers to life beyond those attendant on prolonged
suppuration.

Treatment.—Radical excision of the deposit appears to be equally

successful in this disease as in actinomycosis. When the disease is

too extensive for local treatment, amputation is the only resource;

and great care must then be taken to ensure the complete avoidance

of affected tissue, as recurrences have been observed in cicatrices

after removal of a limb. The use of the sharp spoon may be

indicated in some cases, and whenever local operations are performed
a strong solution of carbolic acid should be applied, to obviate as far

as possible the possibility of re-infection of the fresh surface.
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XVI. TUBERCULOSIS.
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Surgeon to, and Lecturer on Surgery at, the London Hospital.

o
Definition.—Tuberculosis may be defined as an infective disease,

in which the tissue changes are due to the action of a specific micro-

organism—the tubercle bacillus.

It may further be said that the tissue changes are in their

general characteristics those of an inflammation of a low and usually

chronic type, and that they are marked by the production of minute
structures, called "tubercles." One distinctive feature of the in-

flammatory changes depending upon tuberculous infection is the

appearance of caseation.

Examples Of tuberculosis.—Tubercle in the lung produces

phthisis ; tubercle in the coverings of the brain, tuberculous

meningitis ; tubercle in the peritoneum, tuberculous peritonitis.

Tuberculous ulcers are common in the mucous membrane of the

bowel and bladder. The common skin affection, lupus, is due to

tuberculosis of the skin.

That very widespread affection of the lymphatic glands, usually

known as scrofulous or strumous disease of glands, is a tuberculous

disorder. Tuberculous disease is common in the epididymis and
testis. Tubercle often develops in bones and in synovial mem-
branes, producing " white swellings " of a joint, caries of bone as

illustrated by Pott's disease of the spine, and such affections as

tuberculous teno-synovitis. There is, indeed, hardly an organ or a

tissue in the body which may not be invaded by tuberculosis.

In certain organs it is comparatively uncommon ; the most con-

spicuous of these are the ovary, the pancreas, the thyroid body, and
the muscles.

The general features of the tuberculous process.—Speak-

ing generally, the tuberculous process is slow and insidious. It is

attended with the phenomena of inflammation, but these are often

faint and subdued. The lesion may, and usually does, remain local.

It has, however, a great tendency to extend locally, and slowly to

infect the adjacent tissues. In Fig. 62 is shown an example of the

deliberate and extensive spreading of a comparatively slight tuber-

culous affection.
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It is very apt to be ill defined in its limits. Septic inflammation

of a moderate degree is, on the contrary, usually precise in its limits.

The damaged area is surrounded by a barrier -

,

which tends to isolate it. Such a barrier is

uncommon in tuberculous disease. The affected

district fades off gradually into the healthy

tissue, and it is not easy to say where one

begins and the other ends.

In tuberculosis the inflammatory process is

attended by a considerable exudation of a low
type and by the formation of tissue of a flimsy

and unstable character. For example, in tuber-

culous disease of such a joint as the knee, the

tissues of the articulation are found to be in-

filtrated with a frail gelatinous tissue. To this

condition the name of "pulpy or gelatinous

degeneration " was at one time given. In such

a vigorous inflammation as may follow injury

of a joint, this substance would be represented

by a healthy granulation tissue, by means of

which the damage in the articulation would be

isolated and the lesion repaired. In the tuber-

culous trouble the products of the inflammatory

process are neither sound enough to form sub-

stantial connective tissue, nor simple enough to

be absorbed, nor evil enough to break down into

pus, and the compromise is the feeble, unstable,

ill-formed, uncertain substance which is so

marked a feature in the diseased joint.

One event in the tuberculous process is

almost characteristic, and that is the appearance
of caseation. Caseation is the outcome of a
process of degeneration; the caseous material is

wholly dead and is incapable of undergoing any
but a chemical or physical change. It is absurd
to speak of a caseous "deposit"; caseous matter
is not deposited. It is the result of a decay of

the materials concerned in the tuberculous pro-

cess. It is equally absurd to speak of a caseous

mass as suppurating or breaking down into pus.

The cheesy nodule cannot form pus. It is only
to be compared to a foreign body, to a slough,

or to a sequestrum. It is incapable of active

change. If suppuration take place, it is in the

still living tissues which surround the caseous

substance. Fig. 62.—Tuberculous

_
The common sequence of events in tubercu- ag^£:

losis is to be well seen in tuberculosis of lym- lous ulcer of Hand,

phatic glands. The part is invaded by the Cuiose."
eS

Tomoiii\)
er
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bacillus. The tissues exhibit a characteristic inflammatory reaction

in consequence. Caseation results ; then may follow suppuration.

The object of the pus formation is evidently to rid the body of the

dead or necrosed matter represented by the caseous substance. The
pus finds a vent and the caseous matter is discharged, and then the

sinus heals up and the trouble is—so far as that part is concerned—
at an end. It is desirable to note that caseation precedes suppuration.

The caseous material met with in tuberculosis is not inspissated pus.

The tubercle bacillus is capable of inducing suppuration (pages

25 and 35). In large tuberculous abscesses it has been the only

micro-organism found, and there has been an absence of the usual

pyogenic cocci.

Repair after the apparent healing of a tuberculous lesion is usually

feeble and often insecure. The disease is over, the once-infected

area is no longer infected, all progress in the way of destruction has

ceased, but the restoration of parts is of the flimsiest. The healing

in tuberculosis contrasts forcibly with the firm, sound, solid cicatrix

which follows after injury, and with the extensive and complete'

repair which commonly follows upon the removal of parts by
operation. At the site of the tuberculous lesion there is no more
done in the way of regeneration than is absolutely necessary. It

thus happens that trouble is apt to recur at the site of an apparently

healed tuberculous disease. A child has had hip disease, with ab-

scesses. The sinuses have all closed, and the child is about again.

Years go by, and then, after some little disturbance in health, the hip

gives trouble again, sinuses re-open and discharge pus once more, and
even after healing again there may be a second " breaking clown."

Of this nature is the so-called " residual abscess
"—the abscess

which crops up again after months or years of apparent cure. It is

called residual, because it probably has its starting-point in the

residuum or remains of the original trouble. An example of the

residual abscess is afforded by the abscess about a disabled hip, as

already mentioned. It may also be illusti'ated by such a case as

this : A child of twelve had caries of the spine and a psoas abscess.

The abscess formed an opening in the thigh, and after discharging

for many months, closed. The child was apparently sound. She
grew up a vigorous and active woman, and ultimatel}'' married.

Three months after the birth of her first child, and when she was
twenty-five }

7ears of age, the psoas abscess appeared again in the

same place, opened and discharged, and led to the patient's death.

The history of tuberculous disease is associated with frequent

relapses and with many disappointments.

From a well-localised tuberculous focus the whole body may
become infected, the tuberculous virus may be carried to almost

every pare of the organism, and the condition of acute general tuber-

culosis then results. The dissemination of the trouble is exactly

comparable with the diffusion of septic matter in pyaemia, and the

outbreaks of tubercle in distant parts are precisely to be compared
with the secondary or metastatic abscesses in pyseinia.
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It is well, however, to point out that general tuberculosis occurring

as first described is rare—and indeed, considering the extraordinary

frequency of local tuberculosis, it may be said to be exceedingly

rare.

Another feature in tuberculosis is the trifling nature of the
irritant or lesion whereby the mischief may be in the first place

localised. Given an access of the tubercle bacillus to the body, and
provided that that body is a suitable soil for the growth of the

bacterium, it requires but a very trifling lesion to locate the disease.

Thus hip disease and caries of the spine may follow upon quite

slight injuries, tuberculous glands may be set up by some insignificant

irritation of the surface, and phthisis may follow upon what may
appear to be but a slight disturbance of the lung.

Finally, it is to be observed how readily tuberculous troubles

will heal under suitable treatment, one essential in that treatment

being the free removal of the tuberculous material. A tuberculous

ulcer which has existed for months or years may heal up in a week
or so after a vigorous application of Yolkmann's spoon.

To make a summary of the matter, the tuberculous process has

the following generai characteristics : (1) It is slow and in-

sidious. (2) It is attended with the phenomena of inflammation.

(3) Iv has a tendency to extend locally, and to be somewhat diffuse

in its outline and indistinct in its limits. (4) The exudation material

produced is ill-conditioned. (5) Caseation is very common, and
suppuration is very usual, although by no means inevitable. (6)

Repair is often feeble and insecure. (7) A well-localised tubercu-

lous disease may be the starting-point of a general acute disseminated

tuberculosis. (8) The tuberculous process may be easily induced,

provided that the soil is suitable and ready, and that the bacillus

has access to the part. (9) Tuberculous affections respond readily

to treatment when a free eradication of the diseased tissues is

possible.

The tubercle.—The term " tubercle " was originally applied to

a certain naked-eye appearance—to minute spots of diseased tissue

which were conspicuous as nodules or tubercles. The association

of a caseous change with these little bodies was early appreciated.

A better limitation of the word was arrived at when it set forth

that some of these nodules were grey and clear, while others were

yellow and opaque. Thus arose a division of tubercle into the grey

and yellow varieties. The yellow, or so-called crude, tubercles were

for the most part caseous masses, or, at least, masses advanced in

that degeneration. With regard to the grey variety, it was found

that these, when met with in the lung, were often made up solely

of little masses of alveolar epithelium, the results of a lobular

catarrh. All such nodules, therefore, had to be eliminated, and
the term was then restricted to such grey semi-transparent bodies

as were not merely masses of catarrhal exudation, and which, while

retaining the size of a millet-seed, were hard and firm. The name
of miliary tubercle was given to them, and in the disease known as
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Fig. 63.—Tuberculous Disease of the Synovial Membrane of the Hip-joint.

A, Advanced stage ; B, lesB advanced stage ; a, earliest stage.

acute miliary tuberculosis they were considered to be met with in

perfection. In time, however, more subtle tissue changes were
noted, which were regarded as tuberculous, but which were not
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associated with the appearance of these distinct grey masses. In
the place of such masses certain microscopic nodules alone wqre
detected, which were found to possess a fairly simple structure

j

and as it was observed that certain of the grey miliary tubercles,

visible to the naked eye, were made up of a collection of these

microscopic nodules, the latter were distinguished by the term
submiliary tubercle. It is to these microscopic nodules only that

the term " tubercle " is, in its strictest sense, now applied.

The structure of the tubercle.—The tubercle as it is exposed

under a microscopic slide is too small to be seen by the naked eye.

The groups and lines into which these bodies very usually arrange

themselves are, however, visible enough.

In a general view of a tuberculous tissue under the microscope, it

will be seen that the tubercles are scattered fairly evenly over the

field, and that they tend to form well-defined rounded groups or

clusters which are more or less emphatically circumscribed (Fig. 63).

The changes visible may be said in general terms to resemble

those of inflammation, rendered remarkable by the presence of the

minute formations or tubercles.

The individual tubercle is rounded, is made up of cells, is clearly

differentiated by staining, is void of blood-vessels, and is prone to

exhibit a rapid caseous degeneration. It will be noticed that as

the centre of the tubercular district is approached, the tubercles

and the clusters into which they are gathered become usually

larger and larger (Fig. 63, a). On the outskirts of the infected area,

on the other hand, the tubercles are small, and their disposition to

form into groups is hardly noticeable (Fig. 63, b) ; while at the extreme
periphery no distinct tubercles are to be seen, although their pre-

sence is suggested by certain casual groups of cells (Fig. 63, c).

The districts marked a, b, c in Fig. 63 serve to display the

three grades of tubercle, and to show its progress and growth from
its earliest appearance to its most complete development. The three

perfect groups or clusters of tubercles shown in the most advanced
area (Fig. 63, a) would be apparent to the naked eye as actual grey

nodules, or as "miliary tubercles."

The tubercle appears to begin by a proliferation of the fixed

cells of the part, these being represented by the endothelial cells of

the blood-vessels or lymphatics, and bythe cells of the connective tissue.

There is by this means produced a little ill-defined mass of

highly nucleated cells, which are usually spoken of as epithelioid,

and which are very often located around or near to a blood-vessel

(Fig. 64). With these conspicuous bodies 'are associated a greater

number of ordinary leucocytes.

So far there is nothing distinctive about the morbid change. At
a very early period, however, the proliferation of the epithelioid cells

proceeds in such a manner as to produce the appearance known as

giant cells. The individual features of these remarkable bodies

are at first indistinct. Their earliest manifestations are shown in

Fig. 64.
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Fig. 64. -One of the Cell Clusters
Pig. 63.

from Area c

The introduction of the giant cell element gives to the tissue

change a distinctive character, and Fig. 64 shows the earlier tuber-

culous phenomena, such as may nearly always be seen at the peri-

phery of an obviously tuber-

'&-^?'i*PS** s
cular focus.

Beyond this stage, in

acute cases, the process of

tuberculosis may not extend,

and after no more elaborate

development than has been

here shown, the affected dis-

trict may pass on into casea-

tion.

In the more usual or

chronic progress of tubercle

formation, on the other hand,

a further development takes

place.

The giant cell becomes

more conspicuous and more
clearly denned. As a rule,

with each tubercular focus

but one giant cell is asso-

ciated ; or if more than one be present, a particular cell is

predominant. It is disposed in the centre of the cell colony, and
what appears to be a reticulum may commonly be seen to extend

fi-om the mass forming the giant cell into the midst of the surround-

ing cells (Fig. 65). The so-called giant cell is—when compared
with the structures in its vicinity—of enormous size. Its nuclei

are composed of epithelioid cells, which are often arranged in a

curved row about the periphery of the mass, or are huddled
together in a semi-lunar cluster at one end of it (Fig. 65). On
the other hand, the nuclei within the cell may be arranged in no
order, and appear simply as a compressed but well circumscribed

crowd.

In the cell bodies which surround the giant cell it may be
apparent that the epithelioid cells are more numerous near the centre,

and the leucocytes more numerous about the periphery. The whole
collection forms a more distinctly rounded focus, and under a low
power of the microscope stands out more clearly as a nodule.

Beyond this stage, again, the process may not extend ; but as soon

as tli3 degree of the development just described has been reached,

disintegration may set in. In very many of the commoner examples

of surgical tuberculosis, the tubercle is a no more elaborate structure

than this ; and Fig. 65 may serve to illustrate the form which is

perhaps most common in tubercular gland disease.

In the more chronic cases a still further elaboration of structure

is, however, to be met with. This takes the form of the complete

tubercle : a structure sufficiently large and well defined to be visible
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under a quite low magnifying power. The final stage is shown in

A, Fig. 63, and in detail in Fig. 66.

Here is a well-marked rounded mass, well differentiated from the
surrounding tissues. It is made up of cells, and is void of blood-

vessels. The cells are very evidently of three kinds, and exhibit

some method in their arrangement. In the centre is the giant cell,

with its very numerous oval nuclei. From its margin proceed
radiating processes, which join in an ill-marked reticulum about
which the tu-

bercle appears
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of the tubercle. Fig# 65.—Tubercle from Area b, Pig-. 63.

Thirdly,
about the periphery of the district is a host of round cells or simple

leucocytes, which crowd the outskirts of the tubercle and insinuate

themselves in diminishing numbers towards the centre.

It will often be observed that the cells are not precisely arranged

in definite zones, although their inclination towards certain parts of

the tubercle is very apparent. It will be noticed also that the reti-

culum of the neoplasm has a tendency to concentric arrangement at

the periphery of the mass.

Lastly, it should be borne in mind that the giant cell may be

absent or obscured, or be found near the outskirts of the collection

;

while now and then two or more smaller giant cells stand in the

place of the central figure. The tubercle is often obscured by in-

flammatory changes, which disturb the surrounding tissues and
invade the precincts of the little growth itself.

Unlimited discussion, which need not here be considered, has

taken place as to the exact nature of the giant cell. One fact would
appear to be established ; and that is, that giant cells do not all

originate in the same way.
Certain of them are obviously but coagula of fibrin and lymph

which have engaged the products of a rapidly proliferating endothe-

lium in a blood-vessel or lymph passage. Others evidently result

from changes in the fixed ceils of the tissue.
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Giant cells are not so characteristic of tubercle as is the bacillus,

since they have been found incidentally in other lesions, such as

chronically inflamed connective tissue.

The bacilli are most common and most numerous in the giant

cells. They may not be readily detected in the earliest stages of the

m

: #.

»

Fig. 66.—Tubercle from Area a, Fig. 63.

tubercle formation, but they are fairly well seen at a later period,

when the giant cells are in evidence, and are often most distinct

when the structural details of the part have been obliterated by
caseation.

It only remains to be said that the tuberculous process, when
once established, is liable to indefinite extension. It usually spreads

along the lymphatic channels, and follows lymphatic vessels. In
gland disease, tubercles may be readily found in the lymph canals

which connect one infected gland with another ; and it may be pos-

sible to prove that the disease has been brought to the gland by
lymphatics which have their origin in a tubercular lesion of the

periphery
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In tuberculosis of the lung and of other organs, the part played

by the lymph spaces in the advancement of the disease is often to be

made manifest.

The tuberculous process has also a tendency to spread over any

surface upon which the infective process may once have obtained a

hold. Thus, it may extend indefinitely over the pleura or peritoneum,

si It
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Fig. 67.—Margin of a Caseous Patch from a Case of Tuberculosis of a Synovial
Membrane.

or proceed without check along the lumen of the bronchi, the vas

deferens, or the ureter.

It has been noticed that the process of extension is apt to be

arrested by any membrane which may intervene, unless the mem-
brane itself be destroyed by necrosis. Thus, the tubercular mischief

in a gland would appear to be arrested by the capsule ; and tuber-

culosis of the lung does not commonly extend to the pleura.

The end of the' tubercle. (I) Caseation.—Caseation usu-

ally brings the process of tubercle formation to a close, and is,

indeed, a distinctive feature of tuberculosis. It is true that a caseous

degeneration has been noticed in certain syphilitic new formations

and in some other isolated conditions, but the instances are all

exceptional.

The process is one of necrosis and fatty degeneration. The
caseous patch is a sequestrum ; an area of absolutely dead tissue,

which is capable of no other than chemical changes (Fig. 67).
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Caseation begins in that part of the infected district which is the

most remote from the blood supply. The drier the part, the more
characteristic is the degenerative change. Caseation is rarely

observed in such a tissue as an cedematous lung, or in a part which
has remained long engorged with blood. Where bacilli are nume-
rous, and where the infiltration by leucocytes is considerable, casea-

tion is rapid and well marked. When the opposite conditions

obtain, the degeneration is less quickly moving. In the most acute

cases there is no time for this leisurely form of decay, and the

diseased part may assume at once the phenomena of necrosis or

sloughing, or of acute softening.

Caseous matter—as it appears to the naked eye—takes the form
of deposits or patches of a bright pale yellow or buff colour. These
patches are homogeneous, well circumscribed, and firm, and as dis-

played in a section are very aptly to be compared to cheese. In the

lymphatic glands the caseous districts stand out with remarkable
clearness from the surrounding tissues : not as oases in a desert, but
as minute deserts in a vast oasis.

Caseous matter may remain for a long time unaltered. It may
accumulate, and so produce large masses, as is sometimes seen in the

brain, and in a minor degree in much enlarged lymphatic glands.

It may in due course undergo the purely physical and chemical

process of liquefaction, and appear when exposed as a collection of

creamy matter. Such collections have been inaccurately described

as purulent, and the degenerated tissue has been spoken of as sup-

purating. Not infrequently the centre of a caseous area is found to

have become softened, while the periphery remains firm.

Cheesy foci may act as foreign bodies, and may encourage sup-

puration in the living tissues which surround them.

In certain conditions it would appear that caseous products are

capable of being to a certain extent absorbed ; but there is no

evidence to show that this method of elimination is ever extensively

in progress, or that it can be regarded as a common means of ridding

the body of this degenerate material.

A caseous patch may become the seat of some degree of calcareous

infiltration and so be rendered still more inert.

Suppuration may, however, be aroused around a calcareous

nodule which has been for many years in a state of perfect peace,

and from the resulting abscess considerable calcareous fragments

may be discharged.

Finally, caseous material may become in due time encapsuled.

The capsule in such a case is formed of fibrous tissue developed from

the more or less uncontaminated structures which surround the

tuberculous area. This process of capsule formation is distinctly of a

reparative character. It allows the caseous mass to be enclosed, to

be shut off from the rest of the body, and indeed to be isolated, as

one would isolate an infected person.

(2) Fibrous transformation.—It has been already said that casea-

tion represents the usual mode of ending of the tubercular process.
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In comparatively rare instances, however, a transformation into

fibrous tissue obliterates the phenomena of disease, and leads to a

condition which is one of cure, although not precisely one of recovery.

The status quo ante is never established. The fibrous change is

seen in the most chronic and most gently progressing cases.

In the place of elaborate tubercle formation there is simply left

an ill-defined mass of fibrous tissue—a cicatrix, in fact. The process

differs in no way from that observed in inflammatory conditions of

a less destructive kind. A scar is produced and that scar, as a rule,

remains sound.

In instances in which this rare change is noted the tubercle is

eradicated, the disease is healed, and the tubercle bacillus is no longer

to be found.

The bacillus.—The bacillus of tubercle has been already

described on page 34 of this volume. A few points need only

here be alluded to.

The tubercle bacillus is very persistent, and has great powers of

resistance to destructive agencies. Cornil and Babes show that it

will live for seventy clays at ordinary temperatures in sterilised

Seine water. It retains its infective power after very long exposure,

after having been dried and kept for months, and after having been
placed in a putrid solution. Heat destroys it most satisfactorily, but
germicide solutions to be destructive have to be strong, and carbolic

acid would appear to be more potent in this connection than corrosive

sublimate. It is very resistant to the action of the digestive fluids.

It grows best at about the temperature of the body. It needs water
for its development. It is an obligate parasite, and can only flourish

on the living body of higher organisms.

The bacillus is introduced into the body in many ways. It is

inhaled with the air. It is swallowed with the food. It finds an
entrance through the mucous membrane of the mouth. It may be
conveyed by an inoculation through a breach in the skin. Its

presence has been demonstrated in the air and dust of rooms occupied

by phthisical subjects, in the milk of tuberculous cows, and in the

discharges from tuberculous patients.

It is met with in all forms of tuberculous disease, although its

distribution is very irregular. The number of bacilli found in the

tissue is not always proportionate to the severity of the local changes.

The parasite is most particularly to be met with in advancing

lesions. It would appear to be freely transported by the blood. It

has a peculiar affinity for certain parts, such as the serous membranes,
the lung, the spleen, the kidney, the intestine, and the tissue of bone.

The transmission Of tubercle.—The demonstration of a

bacillus as an essential feature in the entourage of a tubercle would
of necessity involve a question as to the possible transmission of

tuberculosis from one individual to another.

It will be convenient to consider the subject of transmission

under the following heads :—(1) By inoculation; (2) by respiration
;

(3) by cohabitation
; (4) by feeding.
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The evidences of transmission may be very briefly arranged into

sucb as are furnished by experiments on animals and such as are

derived from clinical experience.

(a) Experiments upon aniinals. (1) Transmission by in-

oculation.—The fact that the disease could be communicated by
inoculation was known for some time before the discovery of the

bacillus.

In the production of tuberculosis in animals by inoculation, the

materials used in the experiments have been cultivated bacteria, or

the products of tuberculous disease, such as sputum and the de-

generate tissue of disordered glands, lungs, or joints.

The infecting material produces at first only a local tuberculosis,

which may be followed by a more general dissemination of the

disease. That is to say, the first eruption of tubercle takes place at

the point of inoculation, whether it be the skin, the peritoneum, the

interior of a joint, or the anterior chamber of the eye.

If the infective matter be introduced, with suitable precautions,

into the blood stream, a more or less general dissemination of tubercle

results.

In the spreading of the tuberculous process from the original seat

of inoculation, it is very noticeable that the lymphatics play a con-

spicuous part in the propagation or extension of the disease. (Compare
Fig. 62.)

In the general dissemination of the disease throughout the body,

the bacillus appears to show an undoubted preference for the tissue

of the lung.

The disposition of the blood stream will also serve to explain the

frequency with which the lung is found to be involved in cases where
the infection of the body is becoming general.

The capacity or virulence of the material of infection shows, as

may be imagined, pronounced differences. Inoculations with material

from caseous glands will not produce so rapidly fatal a tuberculosis

as will inoculations with the tissue of miliary tubercle. A fragment
of caseous bone from the finger of a tuberculous child introduced

into the peritoneal cavity of a guineapig was followed by an out-

break of tubercles in the mesentery and mesenteric glands, and later

in the kidney and lungs. The scabs of eczema from the same child,

introduced in the same way, produced no result in the animal

experimented upon.

(2) Transmission by respiration.— Animals made to inspire

tuberculous matter introduced into the atmosphere of a chamber by
means of a spray have developed tubercles in the air-passages and
lungs. These experiments are much modified in their results by the

manner of their performance. If the infecting material used be fresh

sputum from a phthisical patient, very freely divided by being intro-

duced into a spray apparatus, the results will be as above described

;

but if such sputum be dried and converted into dust, and then made
to circulate in the air of a closed chamber, the animals contained in

that chamber will not become tuberculous.
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(3) Transmission by cohabitation.—This has been well demon-
strated in the case of rabbits and guineapigs. Animals affected

with tuberculosis have been put to live with healthy animals, and
have been surrounded by healthy conditions. In process of time,

the sound rabbits and guineapigs have developed tuberculous disease

and have died.

(4) Transmission by feeding.—Certain animals fed upon tuber-

culous material have developed tubercle in the intestine and mesen-
teric glands. In some of the instances, tuberculous matter, such as

sputum or disintegrated tissue containing tubercle, has been mixed
with the animal's usual food. In other instances the food substance

has been composed of the flesh of tuberculous animals or the milk of

cows suffering from tuberculosis.

Speaking in general terms of these experiments on animals, it is

to be noted that the susceptibility of different animals to the tuber-

culous virus differs very considerably. Rabbits, guineapigs, apes,

and ruminants are peculiarly prone to tuberculosis, and readilj

develop the manifestations of the disease after inoculation. The
carnivora, on the other hand, may be said to exhibit but a compara-

tively slight susceptibility to the disease.

It is needless to say that the results of inoculation experiments

are much influenced by the concentration of the virus, its amount,
and the site and method of its introduction.

(b) Clinical experience.—A study of the transmission of

tuberculosis in the human subject, as gained by clinical experience,

soon makes it evident that data derived from laboratory researches

and experiments upon animals must be accepted with considerable

modification when it is sought to apply them to the disease in man.
The animal man, viewed as a corpus vile, does not respond very
readily to the tuberculous virus when it is introduced into the body
by an unintended experiment.

(1) Transmission by inoculation.—Considering the wide distribu-

tion of tuberculous disease, and the fact that in many forms of it a

discharge exists in which tubercle bacilli are more or less numerous,
it is remarkable how very rare are examples in man of inoculation

with tuberculosis through the medium of the skin or mucous mem-
brane. It is evident that to effect much inoculation the circumstances

must in one way or another be most exceptional.

The pathologist at a large hospital for consumption must have
his hands soaked for hours at a time with tuberculous pus. His
knuckles cannot always be free from abrasions and scratches ; and
yet how very rarely does any development of tubercle occur at the

undoubtedly inoculated spot. It is true that a certain form of

" anatomist's tubercle " has been shown to be, in actual fact, tuber-

culous ; but the comparative rarity of even that readily-cured affection

is noteworthy.

As examples of the communication of the disease by inoculation,

the following may be given.

A servant-maid wounded her finger in cleaning the spittoon of
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her master, who was dying of phthisis, and in whose sputum bacilli

were found. An indurated ulcer formed on the finger, the tendon
sheath became involved, and the axillary glands enlarged. The
finger was amputated and the glands were excised. The morbid
changes were found to be tuberculous and the bacillus was discovered

in the parts removed. The girl made a sound recovery. The case

is recorded by Tscherning.

Leloir details a case of lupus of the nose in a young girl who
lived with a sister, the subject of phthisis, and often used her

handkerchief.

A girl tatooed on the arm by her lover, who was dying of phthisis,

developed lupus at the inoculated spot.

Unna describes lupus of the lobule of the ear in a girl of thirteen,

who wore the earrings of a friend who had died of phthisis.

Several examples of the communication of tuberculosis by the

Jewish operation of circumcision have been recorded.

Jeanselme gives the case of a woman who developed tuberculous

ulcers of her fingers after long attention upon her husband, who had
a fistula (which she dressed), and who died of phthisis.

(2) By respiration and (3) by cohabitation.—A certain number
of instances have been recorded in which it is more or less apparent

that tuberculosis in the form of phthisis was communicated to a

sound individual. These examples have been mainly noticed in

the persons of husbands and wives, or intimate friends, or nurses

and patients. The cases, however, are quite uncommon, consider-

ing the wide prevalence of the disease. Jousset would place them
as low as 2 per cent. This method of communicating tuberculosis

is practically unknown in hospitals for consumption. It is obvious,

however, that tuberculous diseases are more common in crowded
communities; and one can imagine that a wife in poor circumstances,

who is in constant attendance, in a close ill-ventilated room, upon
a husband who is dying of phthisis, is in a most favourable posi-

tion for acquiring the disease.

A confined atmosphere, the lack of fresh air and of sunshine, are

favouring elements in the spread of tubercle.

(4) By feeding.—This method of communicating tubercle is in

the human subject exceedingly rare, and is doubted by many.
Jousset affirms (writing in 1893) that no case has been demon-
strated. It would appear that the bacilli of tubercle cannot live

in the healthy stomach, and cannot survive the heat involved in

the cooking of meat. The communication of the disease to a

child by means of milk from a tuberculous cow has not been estab-

lished beyond doubt. Niepve gives the case of an infant born

of healthy parents who was suckled by a tuberculous nurse who had
bacilli in her milk ; the child soon died of tuberculous meningitis.

The tuberculous individual.—Two things are needed to set

in action the tuberculous process. There must be the seed, and

there must be a suitable soil. The seed is provided by the tubercle

bacillus, and among the haunts of men this bacillus must be fairly
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liberally distributed. The more closely human beings are packed
together the more common may the bacillus be expected to be. In
spite of the very general diffusion of the bacillus in our midst, it is

remarkable that tuberculosis, although a common affection enough,

is by no means common to all men. Some individuals are more ex-

posed to infection than others, it is true ; but that does not explain

the distribution of the disease. Were the seed alone the necessary

thing, then all the nurses in hospitals for consumption should

become tubercular, and from such institutions tuberculosis should

spread as from a centre.

Tuberculous disease, however, does not spread in this way, or

only in a few very rare accidental instances, which have been already

alluded to.

It is evident that the soil is of much more importance than the

seed—that there must be a large proportion of a population who
are practically non-inoculable, while there is a proportion whose
bodies form a suitable medium in which the bacillus can grow.

The tuberculous individual is the one whose tissues form a suitable

soil for the development of the bacillus. The non-tuberculous in-

dividual is the one in whose tissues this micro-organism cannot obtain

a hold, it being assumed that both are equally exposed to infection.

Tuberculous disease may be acquired, but it cannot be inherited;

that is to say, the parent cannot hand down to its offspring the

tuberculous process in its complete condition with its bacilli, its

tubercles, and its caseating districts. What the parent can un-

fortunately transmit to its offspring is a body whose tissues form
a suitable soil for the development of the bacillus, should that

microbe ever reach it in sufficient strength. It is only in this sense

that tuberculosis can be said to be inherited. What is inherited

as a matter of fact, is not a disease, but a predisposition.

In a large number of tuberculous persons this inheritance is

marked. One or both parents have died of phthisis, or they are

themselves sound, but there is phthisis in other members of the

family j or in the same family there is a history of enlarged glands

in the neck, of joint disease, or of bone affections.

On the other hand, the state of body needed to form a suitable

soil for the bacillus may be acquired. This is well seen in what is

known as " penitentiary " or " workhouse " tuberculosis. A number
of children find their way to these institutions. Their parents may
have been entirely free from tuberculosis, although possibly not

perfect in health in other respects. The children are often brought
up under unhygienic conditions, with insufficient exercise, insufficient

sunlight, insufficient air, and insufficient food. A small proportion

of them become tuberculous for no other reason than that their

surroundings during the period of growth have been such as to

render their tissues a favourable soil for the bacillus of tubercle.

Had they been placed in happier circumstances, their bodies would
very possibly have remained an unsuitable medium for the growth
of this micro-organism.

M 2
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It has been said by some writers that any condition of ill-health

may render a patient tuberculously disposed, but this is not so. The
distribution of tuberculosis is not identical with the distribution of

mere ill-health. There is much evidence to show, however, that

there is a certain amount of truth in the statement. In support

of this, the following illustrative cases may be given as representa-

tive of quite considerable classes.

(1) A medical man had had three perfectly healthy children,

and then acquired syphilis through a scratch on the thumb when
performing an operation. There was no tuberculous history in his

own family, nor in his wife's. He lived apart from his wife for two
years. A fourth child was then born. It showed no signs of in-

herited syphilis, but it became the subject, when twelve years of

age, of most extensive tuberculous disease.

(2) The youngest child of a large family was the only one that

exhibited any signs of tubercle. The father and mother were en-

tirely free from that affection, but the child in question was the

only child born after the father

had developed Bright's disease.

(3) A woman of 20, born

of perfectly healthy parents,

and with no tuberculous history

in the family, developed a con-

siderable mass of tuberculous

glands in the neck. Until she

was 18J she had been living in

comfortable circumstances. She
then became very poor, and had
to support herself. After work-
ing for some months in a close

ill-ventilated room the glands

appeared.

If by the term a " tuber-

culous individual " it is intended

to imply a person prone to

tubercle formation, it will be

evident from what has just been said that that individual can hardly

be expected to present any common general characteristics. There

is, indeed, no physiognomy peculiar to and diagnostic of tuberculosis.

"While a large proportion of the patients present no characteristics

which can be accepted as the basis for a type, it will be evident

—

especially when children and young adults are the subjects of the

inquiry—that there are some features met with so often among
the tuberculous, that it is possible roughly to classify the majority of

the individuals in two classes.

The distinguishing characteristics of the two classes are, of course,

nob always so marked as they are in the following description :

—

1. The fine or sanguine type.—The children have fine and

regular features, well-shaped limbs, and delicate hands (Fig. 68).

Fig, 68. -The Fine Type of Tuberculous
Individual.
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The skin is clear, white, and thin, and marbled with venules. The
complexion is usually fair. The face is oval, the lower jaw small, and
the lips thin. The eyes are bright and covered with long lashes, and
the hair is often remarkably fine and silken. In the younger
children there is not infrequently a faint growth of downy hair over

the forehead and on the backs of the fore-arms.

The teeth are, as a rule, white and well formed, but brittle. Not
infrequently they are notice-

able by the large size and
square outline of the upper

central incisors.

These children are sprightly

and emotional ; full of life and,

from the modern standpoint,

would be called neurotic.

This is the type which is

inherited. These are the child-

ren whose parents have died

of phthisis, or who have a

strong tuberculous history in

their families. They are born
with a predisposition, and are

congenitally a favourable soil

for the bacillus.

These are the children who
may develop phthisis, tuber-

culous meningitis, or perito-

nitis. They often have enlarged tonsils, post-nasal growths, and
enlarged glands. They are liable to catarrh. They occasionally

present lupus. They are attacked with tuberculous bone and joint

disease, but not with marked frequency. Phlyctenular ophthalmia is

not common among them, nor are skin affections.

2. The coarse or phlegmatic type.—In this class are com-
prised individuals who are, as a rule, short and bulky, with coarse

limbs, large hands and feet. The face is broad, the lower jaw heavy,

the malar bones often prominent, and the features generally coarse

and irregular (Fig. 69). The nose is usually thick, the lips tumid, the

lobes of the ears large, and the neck unshapely. The teeth are often

ill-formed, and soon become carious. The skin is coarse, harsh, and
thick. The amount of subcutaneous cellular tissue is considerable,

and often sufficient to conceal the muscular outlines of the body.

The skin in the previous type is fine, and it is possible to pinch up
with the fingers a little portion of it ; but in these individuals

none but a large fold of skin can be picked up, as it is so coarse.

The children of this class appear dull, flabby, and heavy-looking.

They are apathetic and without vivacity, have little muscular power,

and are soon tired.

Their circulation is remarkable. The blood appears to stagnate

in exposed parts, the cheeks often assume a bluish or mottled aspect,

Fig. 69. -The Coarse Type of Tuberculous
Individual.



358 TUBERCULOSIS.

the extremities appear swollen, and the skin itself feels often chilled

and clammy. These children are very liable to chilblains.

They are the common subjects of glandular swellings, of enlarged

tonsils, of post-nasal growths, of phlyctenular ophthalmia, of lupus,

and of muco-purulent discharges from the nose, ears, or vagina. They
are often attacked by lupus and are often the subjects of bone and
joint disease. They seem prone, indeed, to the surgical forms of

tuberculosis, and are not so commonly the subjects of phthisis,

meningitis, or peritonitis.

This is the type of tuberoulous individual whose peculiarities are

probably acquired. To this type belongs " parochial struma " and
the tuberculous affections common in the slums of great cities.

Age.—Tuberculous disorders may appear at any age, but they

distinctly affect certain periods of life.

Speaking especially of the surgical forms of tuberculosis, it is to

be observed that the largest number of cases belong to the ages

between five and fifteen. Another period of frequency would appear

to be between twenty and twenty-five, and another period a little

after thirty.

The term " senile scrofula " or " senile tuberculosis " is applied

to instances in which tuberculous diseases make their appearance in

old people. Such instances are rare. In sixteen cases reported by
Bourdelais, five patients were between sixty and seventy, seven

were between seventy and eighty, two were over eighty, and the

remaining two were under sixty. Senile tuberculosis is as common
in females as in males. In some instances there is a history of

a tuberculous affection in early life, but as a rule the disease is

primary, and represents the first appearance of tubercle. The
diseases to which the subjects of senile tuberculosis are liable

are identical with those met with in earlier life. The commonest
manifestation is bone disease, which is often about the wrist. In
other instances there have been joint disease, lupus, tuberculous

ulcers, or glandular enlargements.

Environment.—In very general terms, it may be said that

tuberculous affections are encouraged in those who live in closely-

confined districts, and whose dwellings are dark, damp, ill-ventilated,

and removed from a free access of fresh air.

It would appear, also, that a district lying high and dry and bare

has a more favourable influence than has a low-lying district, where
the atmosphere is laden with moisture, and where vegetation is

luxuriant, or at least plentiful.

Tuberculosis and scrofula.—For some centuries a great war
of words was waged over the relations of tubercle and scrofula. The
term "struma" or "scrofula" was derived from the common appear-

ance presented by enlarged glands in the neck, and as years advanced
the expression was loosely associated with other vaguer conditions of

mere ill-health. The diseases which were usually termed scrofulous

were the following, and it will be observed that they simply embrace
the common external manifestations of tuberculosis :—phlyctenular
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ophthalmia, chronic otorrhcea, enlarged glands, "white swellings" of

joints, bone disease, "strumous ulcers," cold abscesses, lupus, and
certain other less well-defined conditions. At one time the manifesta-

tions of hereditary syphilis were included under the term scrofula

;

and, indeed, that term was employed to cover any condition of ill-

health in a child to which a more precise term could not be applied.

It has now been shown that there is no disease requiring the

special designation scrofula. The term was a convenient term to

cover ignorance. It has served its purpose and may now be most
profitably abandoned. The diseases commonly called scrofulous

have been long since shown to be of a tuberculous nature. There
can be no object in still retaining the term, even if limited in

application to the commoner external manifestations of tuberculosis.

It was to the coarse or phlegmatic type of tuberculous individual

that the terms " strumous " and " scrofulous " were usually applied.

The general treatment of tuberculosis.—It will be only

appropriate to refer to those forms of tubercular disease which come
under the surgeon's notice. A considerable part of the treatment of

such forms of tuberculosis depends mainly upon obvious measures of

common sense.

(1) Any irritating or localising cause of the trouble should be
sought for and, if possible, removed. Thus, in a case of enlarged

cervical glands, hypertrophied tonsils and post-nasal growths should

be got rid of, diseased teeth should be treated, and attention should

be given to phlyctenular ophthalmia, to discharges from the nose or

ear, to eruptions on the scalp, and such other disturbances in the

periphery as may tend to induce secondary tuberculous changes in

the glands.

(2) In the second place, the involved part should be kept at rest.

This is very obvious in the case of diseases of bones such as those of

the spine, and in joints such as the hip or knee ; but it is not so

often insisted upon as it should be in connection with glandular

affections. When the glands are in the axilla the arm should be
kept at rest; and when they involve the neck, that ever-moving

part of the body should be fixed by some simple collar or stock.

(3) In the third place, the tuberculous disease should be

thoroughly eradicated in suitable cases. In estimating the suitabdity

of a case, it would be assumed that the local disease was well ad-

vanced, that it had progressed as far at least as caseation, that its

removal could be entirely effected without undue risk, and that the

prospects of spontaneous recovery were either hopeless or, at least,

uncertain and remote. In connection with this point a considerable

degree of discretion must be exercised. There can be little doubt

that a long-abiding tuberculous ulcer, a caseous tonsil, or a broken-

down or softening gland had better be disposed of by operation with

as little delay as possible. But, on the other hand, it must be

remembered that under the expectant treatment tuberculous troubles

have exhibited remarkable powers of recovery.

Glands, after remaining in evidence for months, may disappear
;
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joint affections, if properly treated, do by no means ill ; and the

surgeon must decide in relation to each individual case how much or

how little is to be expected from natural pi'ocesses. I would lay

stress upon this, because there is no doubt but that glands are now
and then removed which would have subsided without operation,

and joints are occasionally excised which would have recovered if

treated by long-continued rest under favourable conditions. I have
seen more than one case of tuberculous orchitis which has been
condemned to castration recover after a moderate scraping away of the

evident disease and a residence in a favourable climate. There
appears often to be a cycle in tuberculous diseases. There is an
outburst of the disease, and after it the trouble tends to clear up and
get well, and the patient remains free until the next uncertain

period of eruption.

(4) Finally, considerable attention should be paid to constitu-

tional treatment. There are no drugs which are specifics against

tubercle, and three-fourths of the medicines given are administered

not to treat the disease, but to soothe that inherited craving in the

human race for physic, which is almost as uncontrollable as the

craving for drink.

The principal elements in the treatment are plenty of air, plenty

of sunshine, and plenty of good food. Let the patient escape from
the crowded city and live in the country ; let him sleep with his bed-

room windows open, winter and summer. So long as mere move-
ment will not be in itself injurious, let him be moved out into the

open air. Let him live in the open air.

Let the atmosphere be dry. Patients do not do well in

densely-wooded districts, in valleys, by the banks of large rivers,

and in moist places ; they do better by the sea, in districts with a

low rainfall, with a porous soil, with spare vegetation, and with an
unimpeded rush of air from the sea. Sunshine and dry air are

deadly to the bacillus, and light and oxygen are of more value than

all drugs. In England there is some difficulty in spending much
time in the open air in the winter; although I have had patients

with high temperatures and suppurating wounds out of doors

every day in the winter, in spite of snow, and frost, and rain. If

the patient can winter in a more suitable climate, let him go to a

place where the air is dry and the sun bright, and where he can be

out of doors all day. Thus it happens that surgical forms of

tuberculosis do as well at St. Moritz and in Canada as at Cairo and
California. These are places with this at least in common : there are

facilities and inducements to be out of doors in the winter months.

In the matter of drugs, cod-liver oil may be given as a food

during the cold weather ; iron may be needed when there is anaemia,

and is conveniently given in the form of Flitwick water ; arsenic and
quinine are now and then of value, and in some instances iodide of

potassium is of service. Iodine is conveniently employed in the form

of Kreuznach water, and the special treatment carried out at Kreuz-

nach is often of decided benefit in the early stages of gland disease.
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Certain tuberculous affections.—It will be convenient to
describe in this place certain tuberculous troubles which are not
readily included in other Articles.

Tbe tuberculous ulcer.—This ulcer, when met with on the
shin, is usually dependent upon the bursting of a tuberculous abscess
or is found about tuberculous sinuses, or has followed the breaking
down of a " strumous node." (Seepage 122.)

They are common, therefore, on the

neck in connection with suppurating gland
disease, about diseased joints and bones in

association with discharging sinuses, about
chronic abscesses—such as the ischio-rectal

—which have found a vent through tbe

skin, and in other parts in which there

has been infection of the skin. They may
be primary, and due to inoculation (see

page 353) ; but, as will be already evident,

the tubercular ulcer of the skin is usually

secondary (Fig. 70). The ulcer, when fully

developed, has these characters. It is of

irregular outline ; the edge is neither

raised nor indurated, but is flat and thin.

The skin around the ulcer is a purple

colour, and the margin of the ulcer is

undermined so far as this discoloured in-

tegument extends. The degree of the Pig. 70.

undermining is often considerable, and
can be estimated by a bent probe (Fig.

19). The base of the ulcer is commonly irregular and dirty,

exhibiting no disposition to healthy healing, or is covered over

with pale and cedematous granulations. These granulations may
project above the sui'face of the surrounding skin. The under-

mined skin around the ulcer is apt to give way in places, and in

this way holes and irregular breaches in the skin in the vicinity

of the main ulcer may be produced. It is the insidious under-

mining of the integument, and the absence of a protecting barrier of

sound lymph, which give the main features to the tuberculous ulcer.

The scars that result from this form of ulceration vary, and are

most commonly drawn attention to when situated in the neck. In
some instances the resulting cicatrix is surprisingly soft, simple, and
pliant. In other instances the scar left is irregular, hard, bossy,

raised, and unsightly, by reason of its purple colour. Now and then,

as the result of the undermining and irregular destruction of the

integuments, the scar may be marked by tags of skin or bridges, or

bars of skin not unlike the columnse earner of the heart. Often the

scar shows—when there has been deep suppuration—a severe degree

of contraction, whereby unsightly depressions are produced on the

surface. In many instances I have made microscopical sections of

exuberant scars from tuberculous subjects, and have found that they

Tuberculous Ulcer (with
Gland Disease) in a Patient dying
of Phthisis.
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seldom exhibit any tuberculous change, but are rather the seat of a

cheloid formation. Cheloid is well known to be liable to occur in

or about the neck, and especially to follow wounds that have been
slow in healing or long irritated.

The tuberculous ulcer of the mucous membrane is of common
occurrence, and, like the similar lesion on the skin, is very usually

secondary. It is common at the orifices of the body, and is not
infrequently associated with grave tuberculous disease elsewhere, as

illustrated by the ulcers of the mouth in advanced phthisis, and of

the anus in tuberculous disease of the colon or rectum.

The tuberculous ulcer is met with on the lips, the palate, the

tongue, the lining of the buccal cavity, the larynx, the alimentary

canal, the bladder and urethra, and, indeed, no mucous surface can

be said to be exempt from it. In appearance the ulcer is very like

that met with on the skin. The edges are neither raised, indurated,

nor everted. They are, on the other hand, flat, thin, sharp-cut, and
bevelled or undermined. The surface is uneven, and covered with
yellowish-grey sloughy-looking mucus, or with pale and weak granu-

lations. In depth the ulcers vary greatly.

The treatment of tuberculous ulcers is mainly local. The whole
of the diseased tissue should be destroyed by the cautery and
the sharp spoon. All purple undermined skin should be sacrificed if

sound healing is hoped for. The scraping should extend up to the

region of undoubtedly sound skin.

After the little operation the part should be dressed with iodoform.

The tuberculous node.—This is known also as the strumous
node, and as the scrofulous gumma.

The term is applied to a localised tuberculous focus in the

subcutaneous tissue. In a tubercular subject—and not usually in

the subject of actual tuberculous disease—a small nodule is felt

under the skin. It is commonly fixed, is not painful, but may be
tender. The skin over it is normal. The little swelling, which is

hard at first, increases and becomes softer. The skin covering it

becomes adherent and reddish. Later, it assumes a deep purple

colour, and beneath the discoloured area the now fairly extensive

swelling is felt to fluctuate. The skin in due course gives way in one

or more places, and there results a tuberculous ulcer with undermined
edges. Most of these deposits in the subcutaneous tissue are of small

size. If, however, the giving way of the skin be long delayed, the

undermining of the integument may extend over several square inches.

Certain of these " nodes," especially when on the skull or over

the shin, originate in the periosteum, and are evidently from the first

deeply placed.

They follow the course already indicated, save that on the scalp the

skin undergoes little change in colour ; and when they have burst, or

have been evacuated, an area of bare bone is demonstrated at the base.

The treatment consists in an early incision and an early evacua-

tion, by scraping of the diseased tissue. All quite disorganised skin

should be destroyed. A dressing of iodoform is then applied.
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.ffitiology.—Rickets or Rachitis is sometimes called the English

disease, in honour of its discoverer, Francis Glisson (1650).

Rickets is a general disease, the most striking surgical features

of which are seen in the changes occurring in the bony skeleton. It

is met with mainly among the children of the poorer classes of large

towns, and is essentially a disease of malnutrition, induced by im-

proper feeding and exaggerated by imperfect hygienic surroundings.

Softness of the bones may be produced experimentally in animals by
the exclusion of lime salts from the diet, and well-marked rickets

has been observed in lambs where the food of the ewes has been
deficient in this element ; again, it has been seen in young lions fed

with lean meat without bone, and in young monkeys placed upon a

purely vegetable diet (Sutton). In all these instances the disease

has been readily cured by the addition of the deficient elements to

the food.
t

Heredity plays no part in its occurrence, although it is

frequently met with in large families ; and here the younger
members are the more frequently and severely affected. Children

suckled by their mothers are rarely attacked ; but these may suffer

if lactation be unduly prolonged, if the mother be out of health, or

become again pregnant while suckling her child.

Hand-feeding is the most prolific source of the disease : patent

foods, containing large quantities of starch and flour, and deficient in

a proper proportion of animal fat (Cheadle), proteid, and earthy salts,

being often employed. Poor milk, skimmed, and thus deprived of its

normal fatty element, may produce the disease ; again, the develop-

ment of an attack is often noticed subsequently to attacks of diarrhoea

and vomiting, induced by feeding with undiluted cow's milk, leading

to defective assimilation of the fatty and proteid elements.

Syphilis is in no sense a cause of rickets, but as a debilitating

disease may perhaps predispose to its occurrence, and also modify in

some degree its course. It is almost certain that craniotabes and
visceral enlargements occur in both diseases, since the exhibition of

M* 2
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mercury readily affects these conditions in children with a syphilitic

history, while in those in which such history is absent no improvement
occurs. A strong proof also of the occurrence of craniotabes in rickets,

apart from syphilis, is found in the fact that it is met with in a well-

marked form in animals, such as monkeys (Sutton), in whom syphilis

is unknown. Rickets may be associated with scurvy, the two con-

ditions being induced by the same cause

—

e.g. improper feeding.

The relation of rickets to the tubercular diathesis is not very close :

the same conditions predispose to both ; but it is uncommon to find

rickety children affected with the ordinary forms of surgical tuber-

culosis, such as joint disease or lupus. On the other hand, the

common occurrence of bronchial catarrh is, no doubt, of importance
in the incidence of pulmonary tuberculosis.

Time Of appearance.—The disease may rarely be congenital,

and marked epiphysial enlargement may be noted as early as the

third month. It most commonly becomes apparent, however, about
the sixth month, and rarely, if ever, occurs after the period of

eruption of the milk teeth. Cases designated late rickets are met
with ; but these are probably recurrences of early attacks which
have passed unnoticed. Even when the disease has been subjected

to prolonged courses of treatment, and appears thoroughly cured, a

predisposition to recurrence exists (Henoch).

Morbid, anatomy.—In rickets, the process of ossification of

the skeleton is disturbed by irregular progress of the preparatory

changes occurring at the epiphyses and in the subperiosteal layer,

and the deficient deposition of lime salts. An ill-developed substitute

takes the place of normal bone, while an increase in the centrifugal

absorption accompanying the natural process of formation of the

medullary cavity and the modelling of the bones removes normal
osseous tissue developed previously to the commencement of the

disease. The degree to which these changes progress varies, and in

severe cases a comparatively soft yielding column takes the place

of a properly resistant bone.

In the normal course of development of the skeleton, certain

physical forces—especially muscular action—influence the contour of

the bones, producing regular curvatures and eminences, both in

individual bones and in those arranged in series. Such curves

normally serve the purposes of endowing the bones with strength to

resist intrinsic and extrinsic force, give elasticity, and provide for

the exertion of more effective leverage by means of the muscles.

Rickets occurs during the active development of these changes of

form and outline, and the inefficient resistance offered by the affected

bones leads to exaggeration of the eminences and curvatures.

The primary deformities in early rickets, therefore, consist almost

entirely in the exaggeration of normal curves, while to these, various

deformities dependent on pressure exerted by the weight of the trunk

and extremities in the acts of sitting, crawling, or walking, are super-

added at a later date. Deformity thus produced is rendered the

more striking by limited growth in length of the bones, the temporary
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disturbance of the normal ossification leading to permanent shorten-

ing, which, in the case of such bones as the femur and humerus,
may amount to a quarter of their proper proportional length
(Humphry).

The periosteum of rickety bones is soft, reddened from increased
vascularity, thickened, and when stripped from the bone is rough
and irregular, bearing numerous spicules and
fragments of ill-formed osseous tissue on its

inner aspect. Beneath it are found a varying
number of concentric layers of reddish or

pale spongioid bone, resembling pumice-stone

in consistence, which can be readily cut

without injury to the knife. When the

disease is far advanced, tissue of this nature,

completely unossified, may occupy the whole
thickness of the bone between periosteum

and medullary cavity, and also more or less

fill up the concavity of any curvature existing.

In this condition and its degrees, the ease

with which curvatures or fractures from
slight degrees of violence may occur is readily

understood ; while the abnormal thickness

of the periosteum explains the tendency to

fracture of the green-stick variety, and the

softness of the bone to the frequent inability

to elicit ordinary crepitus during life.

The earliest gross changes are, however,

noted in the epiphyses. These are enlarged,

thickening existing both on the proximal
and distal sides of the line of cartilage. On
section, the cartilage is semi-transparent or

gelatinous-looking, reddish from abnormal
vascularisation, and irregular at the peri-

phery, in place of maintaining the normal
even line (Fig. 71). Microscopic examination
shows the deeper or osteogenetic layer of the

periosteum to be chiefly affected, and the

layers of spongioid bone beneath to consist of

calcified islets, arranged radially to the sur-

face of the diaphysis. Between the islets of

bone are large red medullaryspaces. In the earlier stages of the disease

these changes are limited to a superficial layer, ensheathing normal
bone ; but the latter may gradually disappear with the progress of

the disease, and the natural process of modelling and enlargement

by absorption from within. A similar layer of spongioid bone may
then line, or more or less completely obliterate the medullary canal.

The epiphyses present the following abnorma appearances on
microscopic examination (Fig. 72).

The cartilage cells are seen to have multiplied in an excessive

Fig. 71.—Section of Rickety
Femur, showing curves
and irregularity of epi-

physial cartilage. (St.

Thomas's Hospital Mu-
seum.)
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and irregular manner (Fig. 72, a), and between the columns of cells

so formed large vascular medullary spaces exist (b). The next layer

consists of unossifiedm
'&'

-Section of an Epiphysis in Rickets.
(Modified from Ziegler.)

Irregnlar multiplication of cartilage cells; b, vascular medul-
lary spaces ; c, unossified bony tissue ; d, calcined cartilage
cells ;b, imperfect bon

bone tissue (c), in places

intermixed with small

areas of cartilage cells,

which have undergone
premature calcification

(d). Beyond this are

islets of fully-developed

bone, still surrounded by
bone tissue, as yet uncal-

cified, enclosing abnor-

mally large and vascular

medullary spaces (e).

Chemical examina-
tions of the bone in

rickets have shown it to

be very deficient in lime

salts, the proportion to

the organic constituents

being reduced in marked
cases to as much as -^-in

place of the normal -§.

The liver and spleen

are occasionally much
enlarged, and a less

marked change is ob
served in the kidneys-

and lymphatic glands.

The enlargement de-

pends mainly on an in-

r> crease of the fibroid ele-

ments, with some over-

growth of the glandular

E tissue (Dickinson). The
voluntary muscles are

pale and flabby, in the

heart fatty degenera-

tion has been noted,

and the blood is deficient

in red discs.

The tendency of the

disease is towards spon-

taneous cure ; this is

effected by obliteration

of the abnormally large

. medullary spaces, both
at the epiphyses and in
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the subperiosteal layer, by extremely dense bone, the process of

ossification resembling that observed in the consolidation of callus

in fractures. Abnormal vascularity is, however, long retained, as is

often evidenced by the free haemorrhage during osteotomy from bones
apparently already dense and strong. The spongioid bone deposited

in the concavities of the curvatures ossifies in like manner, and thus

strong bony buttresses are produced, the bones being often further

strengthened by narrowing or obliteration of the medullary canal.

Special deform-
ities. situii.—
Changes in the bones

of the head, particu-

larly in those ossified

in membrane, are

the earliest to occur,

commencing even in

the third month.
Longitudinal pro-

minences in the

marginal growing
portions of the flat

bones mark out the

lines of the sutures

;

and this is particu-

larly well seen at the

coronal suture. The
sutures themselves

are deficient in firm-

ness and resistance,

and the fontanelles

remain open until a

late date. The large

anterior fontanelle

often closes only as

late as the sixth year.

Certain parts of the

skull — notably the

frontal and parietal bones—gain much in thickness, while the

occipital may remain abnormally thin. The incapacity of the

imperfect bone to resist pressure may be evidenced by the develop-

ment of small soft areas from -±j to \ an inch in diameter, in which

the skull may be thinned, or true osseous tissue may be entirely

absent. These soft yielding spots are most common in the region

behind the parietal eminence, and in the occipital bone. They

occur, however, rarely in the temporal, and even in the frontal

bone. They are usually not numerous, but have been met with

to the number of thirty. This condition is known under the

name of craniotabes, given to it by its original describer (Elsasser).

The occurrence of the disease during the first year of life, normally a

Fig. 73.—Skull of Rickety Child, illustrating abnormal pre-

ponderance of cranium, defective development of face,

rapid decay of mili incisors, and angular form of

mandible. (St. Thomas's Hospital Museum.)
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period of especially active growth of the facial portion of the

skull, leads to very characteristic changes in the head. The
cranium maintains its early preponderance in size, and the forehead

appears abnormally prominent, while the face is small and peaked
(Fig. 73). The deformity most characteristic in thefacial bones is that

observed in the mandible ; defective development of the outer wall

Fig. 74.—Sternum, Costal Cartilages and Ribs in Rickets. The section on the left side
shows the irregularity of the epiphysial ossification. (St. Thomas's Hospital Museum.)

of the bone interferes with the acquisition of the proper arched form
by the body, the incisor teeth being arranged transversely, and from
them the remaining teeth diverge obliquely backwards, the alveolus

being somewhat inverted posteriorly, so that the teeth, instead of

being vertical, point inwards. The lower margin of the body is

everted (Fleischmann). Dentition is much delayed, the first tooth

often not appearing before the twelfth month, and subsequent

eruption is irregular and retarded ; the enamel is defective, striped,

and pitted, and the teeth readily wear away to the level of the

alveolar margin.

Spine*—The earliest and commonest change is an increase in

the great dorsal accommodation curve, in which the lumbar spine

may also be involved (kyphosis). This is compensated for later by
an increase in the cervical, and less in the lumbar convexities, the

change in the cervical spine often causing the child to hold the head
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abnormally tilted upwards. At a later date—from one-and-a-half to

four years—lateral curvature may develop ; in the earlier period this

is often an extensive curve, with the concavity to the right, due to

the child leaning to the right to rest the head on the nurse's

shoulder, when held in the habitual position on the left arm of the
bearer. This curve may be accompanied by slight or no rotation of

the vertebral bodies. When developed subsequently to the assump-
tion of the erect position, typical scoliosis may be met with ; the

deficient resistance offered by the softened bones and ligaments

being especially favourable to the influences usually producing an
habitual scoliosis.

Thorax.—Changes in the thorax occur early—usually about the

sixth month—closely following those observed in the head. When
well marked, the shape of the chest is approximated somewhat to the

quadrupedal type. Beading of the epiphyses, involving both rib and
cartilage, especially on the pleural aspect, occurs, producing the so-

called rickety rosary (Fig. 74). The ribs, by reason of their deficient

Fig. 75.—Bickety Pelvis. (From St. Thomas's Hospital Museum.) The great prominence
of the sacro-vertebral angle is not well shown in this position of the pelvis.

power of resistance, fall in just beyond the line of junction with the

cartilages, partly from the effect of the atmospheric pressure during
inspiration, partly from the lateral pressure exerted upon them by
the hanging upper extremities. The ribs, from the second to the

eighth, are the most affected, failing to attain a proper length,

while the angles become less obtuse than normal. The sternum at

the same time projects or, in rare cases, sinks bodily. The outline

of the lower part of the thoracic wall is influenced by the pressure

of the solid viscera underlying it; thus the heart, liver, and spleen

all support the ribs, and tend to produce irregularity of contour,

especially the liver and spleen when they are much enlarged. The de-

fective growth of the ribs causes serious permanent diminution in the
vital capacity : a serious matter when pulmynary affections supervene.
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Pelvis.—The downward pressure of the spine gives rise to

increase of the sacro-vertebral angle, while the lateral pressure

exerted by the femora or the acetabula flattens the lateral wall

of the pelvis. The weight of the abdominal contents expands
the ilia, while the ischial tubero-

sities are inverted. In this way
the triangular or heart-shaped

pelvis is produced; when ex-

treme, one of the most serious

'

bony deformities in women, as

affecting parturition (Fig. 75).

Long bones.—The notable

changes are enlargement of the

epiphyses, exaggeration of the

normal curves, the development
of pressure curves, and of mus-
cular apophyses in certain posi-

tions ; and later, deficiency in

proportional length.

In the upper extremity the

lower epiphysis of the radius

and those about the elbow
usually exhibit the most marked
enlargement : perhaps because

most readily investigated by
palpation. The curves of the

clavicle may be exaggerated,

and an abnormal outward curva-

ture of the humerus, the greatest

convexity of which corresponds

to the insertion of the deltoid

muscle is not uncommon. In
children who, from inability to

walk, have crawled freely, the

bones of the fore-arm are often

strongly curved outwards, espe-

cially in the lower third. The
production of this deformity is

readily explained by bearing in

mind the direction of the pres-

sure brought to bear on the

spreading pronated fore - arm
and hand in this form of progression.

In the lower limb epiphysial enlargements are readily detected

at the ankle and about the knee, but in slight cases they are less

marked than in the upper extremity. The degree of deformity

varies greatly. In children who have been unable to walk during

the most active part of the disease, little defomity or varying

slight exaggerations of the normal curvatures are met with- When,

Fig. 76.—Adult Femur and Tibia in a case of
cured Eickets. Note angle of femur,
gluteal trochanter, overgrowth at inner
section of lower epiphysis of femur,
curves of both bones, and buttress to
curve of femur.
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on the other hand, standing and walking have been possible, very

marked changes occur.

In the femur the angle of the neck is reduced : the shaft forms

one large anterior curve ; and in cases of knock-knee there is marked
proportional overgrowth at the inner segment of the lower epiphysial

line. A more or less well-marked abnormal muscular apophysis

may represent the gluteal trochanter of the horse (Fig. 76).

The tibia and fibula acquire a forward, or forward and outward,

bend in the lower third, and there may be marked proportional

overgrowth at the inner segment of the upper tibial epiphysis.

Much more rarely a marked bend, either forwards or backwards, may
be developed at the upper epiphysis. The development of bow-leg

or knock-knee depends mainly on the age of the patient and the

degree of walking' power attained. Bow-leg is the rule in younger
children, as at this age the gait is rather rolling or waddling than
ordinary walking. A constant effort to avoid falling forwards exerts

a strain on the lower third of the leg, which accounts for the anterior

curvature of the bones, while a similar corrective lateral effort to

preserve the centre of gravity of the body leads to the accompanying
external bend, producing bow-legs (Yolkmann). The outward curve

of the leg may reach such a degree that the external malleolus

rests on the ground, the foot being strongly inverted ; and in cases of

extreme anterior curvature, the foot may need to be so much flexed

as to touch the front of the tibial curve when the child is in the erect

position. In older children, in whom ordinary walking has been
acquired, the development of genu valgum is more common ; and
this is to be explained on the stand-at-ease theory, the weight of

the trunk being transmitted through the outer femoral condyle of

the limb on which the body mainly rests : growth is arrested at the

outer segments of the femoral and tibial epiphyses, while it occurs

freely at the inner segments. In rickety genu valgum the change
may be almost equally developed in the two bones, or may be
more marked in the tibia ; and in these circumstances a definite

angular projection or a prominent bony growth—not unlike an
exostosis—sometimes emphasises the position of the tibial deformity.

Symptoms.—The early symptoms of rickets are insidious and
ill-defined ; and infants most frequently come under the notice of the

surgeon, in consequence of inability to sit upright, backwardness in

walking or standing, or the loss of previously-attained power in these

respects. Such infants are often apparently well-nourished, but on
closer examination prove to be fat and flabby, the rosy shining cheeks

being due to the presence of dilated capillaries. The skin is often

glazed and shining, sometimes clothed with very fine scales, especially

if sweating is profuse. In other cases ansemia and emaciation

are well marked. The child is restless and sleeps badly.

General tenderness is evidenced by the tendency to throw off

the bed coverings, and local tenderness may be deduced from watch-

ing the children. Cases of severe craniotabes often sleep only when
sitting up in the arms of the mother, so that the head is relieved
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from pressure ; and older children often lie on their stomach, resting

the less tender frontal region on the pillow. Again, lifting the

child by the hands placed round the chest often produces evident

suffering. In many cases, however, these local signs are insigni-

ficant. The head sweats profusely, often soaking the pillow, while

the greater part of the trunk and extremities remain dry. At
times eruptions of sudamina are seen, especially on the flexor aspects

of the limbs. The general temperature is, usually, little raised.

General pallor of the mucous membranes is common.
In some cases, gastric catarrh, accompanied by flatulence, vomit-

ing, and diarrhoea, the stools being clay-coloured and offensive, are

prominent symptoms ; but in others digestion is apparently good.

The urine contains an excess of phosphate of lime, which may be

increased by the use of the earthy phosphates medicinally. The
spleen and liver are occasionally much enlarged. Bronchial catarrh

is a frequent complication ; and this, especially in conjunction with

other infantile diseases, is the most common cause of death in rickety

children.

Rickets is also the most common cause of laryngismus stridulus,

and a fertile source of infantile convulsions. The varying deformities

resulting from the disease have already been dwelt upon, and careful

inspection and palpation will reveal them in varying stages of devel-

opment. Signs are usually earliest in the skull, then in the thorax

and later in the spine and extremities. Enlargements of the

epiphyses in the upper extremity—particularly at the lower end of

the radius—are more marked than in the lower ; on the other hand,

marked deformities from bending and unequal growth at the epi-

physial lines are more common in the lower extremity.

Diagnosis.—In the early stages, especially when craniotabes is a

prominent symptom, care must be taken to discriminate rickets from
infantile syphilis. The history, both parental and of the child,

together with the possible presence of co-existent undoubted signs of

syphilis, usually allows a correct diagnosis to be made. The apparent

prominence of the head occasionally leads to suspicion of hydro-

cephalus ; while loss of power, more or less sudden, in one or more
limbs may suggest infantile paralysis. Careful inspection and
palpation of the head and epiphyses is the best safeguard against

error in such cases.

The frequency of rickets as a cause of laryngismus stridulus must
be borne in mind in any case of difficult breathing of a laryngeal

nature.

Prognosis.—The disease is rarely fatal in itself, but many child-

ren succumb to the commoner complications or intercurrent diseases.

The amount of permanent deformity left varies much in degree, in

accordance with the severity of the attack, the efficiency of the

treatment adopted, and also in the different bones affected. Con-

secutive growth tends to reduce curvatures of the long bones, so that

at seven or eight years they may be hardly apparent ; and, consider-

ing the frequency of these deformities, it is very striking how few
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instances of a severe nature are met with in adult life. Severe
knock-knee, or bow-leg, or general stunting in growth may persist,

even when great muscular power is regained. In the spine and
pelvis the possibility of relieving the bones from pressure is less easy,

and well-marked deformities of these parts are more likely to be per-
manent. The importance of contraction of the female pelvis in
parturition has been already referred to.

Treatment.—Rickets, even when severe,

is readily cured by suitable feeding of the
child. If the mother be unable to afford

adequate nourishment, cow's milk should be
substituted up to seven months. This should

be mixed with a third part of water, and a

little sugar added. Later the milk may be
unmixed, and eggs, a moderate amount of

farinaceous food, and pounded meat, or raw
meat juice, may be added. Cod-liver oil, or

fresh cream (Cheadle) and vinum ferri, may
be given medicinally. The administration

of phosphate of lime is of Little use, being
mainly excreted with the urine—a proof

that want of power to assimilate the lime

salts is rather the cause of defective ossifica-

tion than deficiency of lime salts in the diet.

The condition of the muscles may be
improved by massage ; tepid salt baths may
be given, and the child should be clothed

in flannel, so arranged that .it cannot be
thrown off at night. Every effort must be
made to improve the hygienic surroundings

of poor children ; in the better classes,

bracing air and the sea-side may be recom-
mended.

The first point in the treatment of the

various deformities is the prevention of

their increase. Thus, infants with a weak
spine must be kept as much as possible in the supine position, those

with bent fore-arms must be prevented from crawling, and those with

bent legs from walking or standing, except in moderate amount. If

the curvatures are severe, splints should be applied to bow-legs on the

inner, to knock-knees on the outer, side of the limb. In severe cases

below six years of age osteoclasis may be indicated if all signs of

active disease have disappeared; when this is necessary, it should

be effected by consecutive attempts with moderate force, made on

the same occasion, rather than by one severe effort. After six years

of age osteotomy may be called for.

Late rickets.—The condition known under this name differs in

no essential particular from the infantile disease. In Drewitt's case

examination of the bones showed the subperiosteal and epiphysial

Fig. 77.—Late Eickets. Fe-
male. Aged 12. (Glutton's
case.)
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changes to be identical. The causation is not so distinctly to be
traced, but there is much reason to believe that the disease is merely
a recrudescence of an earlier attack which has passed unnoticed. As
has been pointed out by Clutton, the cases differ from those in which
bending of the bones occurs between the ages of six and nine, since

in the latter the history of rickets is a continuous one. The bending
of the bones also differs from that observed at puberty or later,

as in the so-called adolescent knock-knee and bow-leg, since it

is accompanied by the enlargement of the epiphyses observed in

infantile rickets (Fig. 77).

Late rickets usually comes under observation in children from
nine to thirteen years of age. The curvatures and epiphysial

enlargements are more striking in the lower extremity, but the

whole skeleton may be involved.

As in the infantile disease, the treatment depends entirely on
attention to diet and the administration of cod-liver oil and iron

The deformities must also be treated on the same principles.

Refebences.

Clutton : St. Thomas's Hospital Reports, vol. xiv., 1884, p. 103.

Drewitt : Pathological Society's Transactions, vol. xxxii., 1881, pp. 387, 391.

Lucas : Lancet, vol. i., 1883, p. 993.

Scurvy rickets.—This disease consists in a combination of the

two affections, and is of especial interest from the support it gives to

the theory of improper feeding as the causation of rickets. The want
of milk, poor cow's milk, or artificial foods, which give rise to rickets,

are equally deficient in the anti-scorbutic elements necessary for a

perfect food, and hence are responsible for the two conditions. The
disease is more common among the children of well-to-do parents,

from the fact that these are more often hand-fed with patent foods.

(Barlow.)

The pathology of the disease is that of rickets plus scurvy ; and
this is evidenced by the presence of more or less extensive subperi-

osteal haemorrhages, and haemorrhages from mucous surfaces, into the

muscles and beneath the skin. A special peculiarity of scurvy rickets

is the tendency to separation of the epiphyses : an accident not
observed in pure rickets, though not uncommon in the epiphysial

disease of infantile syphilis. The disease is most commonly met
with in children from ten to twelve months of age. According to

Barlow, it may arise at any period after four months, and especially

between nine and eighteen months.

Symptoms.—The onset of the disease is an acute one. The child

becomes ill, and in a few days the limb or limbs swell and are

excessively tender to the touch, and the temperature may rise to

101° Fahr., or more. The commencement is often heralded by the

appearance of ecchymoses beneath the conjunctiva, the skin of the

eyelids, or of the limbs. Proptosis from haemorrhage beneath the

periosteum of the orbit has been observed in a considerable number
of cases. In some cases subcutaneous discoloration of the affected

limbs is a prominent symptom. Beyond this, in about half the cases,
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the gums are spongy and bleed readily, the condition, however,
affecting only those parts of the alveolus from which the teeth have
already protruded (Barlow). Bleeding may occur from the nose,

rarely from the rectum, and hsematuria is not uncommon.
Tenderness is evidenced by the disposition of the child to keep the

limbs so still as sometimes to simulate paralysis, and by signs of great

pain when the limbs are handled. The lower limbs, and especially

the femora, are most frequently affected : but the condition may be
more or less general, involving the scapula, upper limbs, and thorax.

Sinking of the sternum en bloc, due to separation of the ribs from
the costal cartilages, is of such comparative frequency in this disease

as to be in some degree pathognomonic (Barlow). The swelling of

the limbs usually commences in the neighbourhood of the epiphyses

;

it may be limited, but more commonly involves the whole segment
corresponding to the affected bone ; it is firm and tense, not pitting

on pressure. The limb is white, except when ecchymoses are present,

and hot to the touch. Occasionally separation of the epiphyses

occurs, or fracture of the shafts, and then soft crepitus is elicited on
movement.

The disease is readily recognised by attention to the symptoms
of scurvy. It is accompanied by symptoms of severe illness, great

anaemia, and rapid emaciation, and may terminate fatally ; relapses

may occur or the course become chronic. When uninfluenced by
treatment the average duration is from two to four months (Barlow).

Treatment consists in the same attention to diet that is

needed in rickets, lime-juice or fresh orange-juice being added. The
limbs affected should be treated with cooling lotions and supported

by bandages; if separation of the epiphyses or fracture occurs,

splints are necessary.
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S>

Haemophilia, or the " bleeder disease," is defined as a congenital

and habitual hemorrhagic diathesis. The subjects of it are liable

to severe and obstinate haemorrhages, which may occur spontaneously,

or may follow injuries, often of the slightest kind.

General phenomena.—The disease is noticed in the patient

from the commencement of life ; it may be said to exist so long

as he exists, and does not appear (except in some rare and
imperfectly understood instances) to be ever acquired.

The malady is in nearly every case hereditary. Grandidiei

speaks of it as " the most hereditary of all hereditary diseases," and
the subjects of it will generally be found to belong to definite

" bleeder families." It attacks the individual members of a family

extensively, and it is estimated that there will be three bleeders to

every family affected. Haemophilia is nearly twelve times more
common in males than in females. The disease assumes a much less

typical form in women.
The disease is transmitted in a remarkable way. It is handed

down, not by the bleeders themselves, but in nearly every instance

by the non-bleeder members of the family, and almost exclusively

by the females. Thus, if there be six children in a bleeder family

(three boys and three girls) the boys will be bleeders but the girls

most probably will not be affected. If they all marry and have
children, the children of the bleeder males will most probably be
non-bleeders, whereas the children of the females will almost

certainly present the disease.

Haemophilia has a peculiar geographical distribution. It is

common in Germany, and many cases have been recorded in Great

Britain, in North America, in Norway and Sweden, and in France.

The disease does not appear to be met with in Italy, Greece, Turkey,

Spain, or Portugal. It is said to be very common among the Jews.

Bleeders, apart from their special diathesis, present no distinctive

constitutional condition. There is nothing peculiar in their physique,

their complexion, their pathological tendencies, or their general

health. They frequently possess a very fine and transparent skin,
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but this feature is by no means constant. If not suffering from the

effects of haemorrhage, they may appear to be in robust health.

The actual cause of the disease is entirely unknown and is

merely a matter of speculation.

Its pathological anatomy is no more precise. In many fatal cases

of haemophilia there has been no evidence of a primary disease and
no abnormality has been detected in the vascular system. In other

instances the heart, and especially the left ventricle, have been found
hypertrophied, and the arteries to be abnormally thin, the atrophy
involving especially the intima. No peculiarity has been detected

in the blood.

Symptoms.—The haemorrhages are usually due co injury.

Fatal bleeding has followed scratches with pins, the removal of

teeth, leech bites, the rupture of the hymen, circumcision, and the

most trifling wounds, as well as lesions of greater magnitude.

It is remarkable that serious bleeding very rarely follows the.

wounds made in vaccination.

Continuous and even quite slight pressure may cause very
extensive subcutaneous haemorrhages. Some of these extravasations

may attain great size. Some may occur spontaneously and are

then most often met with on the scalp or about the genitals.

Spontaneous haemorrhage is usually from a mucous surface,

most commonly from the nose, and then in order of frequency from
the gums, the alimentary canal, and the genito-urinary passages.

Fatal haematuria is exceedingly rare. Haemorrhage is rare from serous

surfaces, although bleeding into joints is not at all uncommon.
Traumatic bleeding increases the tendency to spontaneous bleeding.

If the bleeding part can be examined the blood will be found to

ooze from numerous points, and not spout from one or two vessels.

The blood poured out presents no peculiarity of any kind. The
haemorrhage is never furious, but it may continue for many days

and even for weeks.

Bleeders will bear great losses of blood remarkably well and
will recover very rapidly when the haemorrhage has ceased.

The symptoms differ in no way from the ordinary phenomena of

prolonged bleeding as observed in the otherwise healthy.

The bleeding is nearly always capillary. The quantity lost may
be enormous and the resulting anaemia is marked and of long

duration.

The tendency to bleed is more pronounced at some periods than at

others, so that at certain times wounds in bleeders may be attended

with only the normal amount of haemorrhage. The precise nature

of these periods is quite unknown.
Some patients exhibit every kind of bleeding, spontaneous and

traumatic, superficial and interstitial. These are mostly men.

Women seldom exhibit this excessive form of the disease. Other

patients are subject only to haemorrhages from mucous surfaces. A
third series appear to be only liable to spontaneous ecchymoses.

The affection usually shows itself at the beginning of the first
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dentition and at puberty. It is very rare for bleeding to be noticed

at birth. The manifestations decline in advancing years, so that

the disease is more marked in youth than in middle life ; 70 per

cent, of the first outbreaks fall within the first five years of life.

Often in spontaneous bleeding there will be prodromata in the

forms of flushings, a sense of heat, beating of the arteries, and
restlessness.

One peculiarity remains to be noted. There is a marked
association between hemophilia and rheumatism. Bleeders are

very liable to painful swelling of the joints and to muscular pains.

The nature of this association remains unexplained.

The swelling of the joints is very commonly, but not always,

due to extravasation of blood within them. The knee is the

articulation most commonly affected. This joint complication is

quite uncommon in female patients.

Mortality.—The disease, when marked, is very fatal. Most of

the patients die young, and it is stated that more than 50 per cent,

never reach the age of seven years. The first bleeding may prove

fatal, or a great number of haemorrhages may occur before death.

On the other hand, a patient may bleed once, recover, and never

bleed to excess again. A few bleeders have attained old age.

Treatment.—In the matter of treatment nothing, so far as is

known, can be done to prevent bleeding in a known bleeder, apart

from keeping him from risks of injury. In cases of spontaneous

internal haemorrhage the patient should be kept at rest in the

recumbent posture, the bowels may be made to act vigorously if

the haemorrhage be not from the intestine ; all stimulants must be

avoided, and the patient treated with acetate of lead, in full doses,

or with ergotin or sclerotic acid.

Transfusion has proved of little avail, and indeed, when it has

been performed, the bleeding from the operation wound has some-

times added to the patient's danger.

In cases of traumatic haemorrhage the oozing may be best

checked by a tampon soaked in perchloride of iron and applied so

as to exercise pressure on the part. This is certainly the most
efficient local measure. The actual cautery is seldom of much
avail, and acupressure and the use of ligatures are apt to add fresh

risks to the case by increasing the wound. Ice may have a good
effect for a while, but on its removal the hyperaemia that follows the

use of cold may lead to worse bleeding than ever. In any case

acetate of lead, ergot, or sclerotic acid should be administered.

Very often these drugs—and many others that have been

advised—have no effect.

In the general treatment of the patient, calcium chloride has

been recommended, on the supposition that it may render the blood

more coagulable ; and also camphor and turpentine, from their sup-

posed power of increasing the number of the white corpuscles of

the blood.
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Definition.—The term " Hysteria " is applied to a functional

disorder of the nervous system, to a general neurosis that is difficult

to define, but that may be described, if prominence be given to one

of its primary features, as a condition of increased irritability to

physical and psychical stimuli, or as a condition of general nerve in-

stability as marked by enfeebled powers of inhibition and control.

It is a disease without a pathological anatomy. From the origin of

the term (Greek, varipa, the womb) it is only to be inferred that the

disease is much more common in women than in men, and that it is

often induced by some uterine or ovarian disorder. It is probable,

however, that in at least fifty per cent, of the subjects of hysteria

these organs are perfectly sound. Hypochondriasis in the male is

very similar to, if not identical with, hysteria in the female.

Age.—Hysteria most commonly begins between the ages of

fifteen and twenty. It may develop, however, at any time during

the period of active adult life and not infrequently breaks forth at

the climacteric.

The hysterical woman.—There is nothing distinctive about

the appearance of the hysterical woman. She may be young or old,

or plump or thin. She may be of a ruddy and cheerful countenance,

or may be wan and sallow, and in a constant state of flabby woe.

She may be a member of what is vaguely termed a " neurotic

"

family. Some of her relatives may be the subjects of epilepsy or

insanity, or may be dipsomaniacs, or notoriously " nervous " in-

dividuals. She may, on the other hand, be the only individual in a

family to present any nervous phenomena.
The hysterical woman is, in a definite sense, irritable. Stimuli

act upon her nervous system with undue and uncertain vigour, and

the effects, moreover, are apt to spread. Her emotions tend to

become exuberant, to be distorted, or at least to be inconstant.

Over all there is a weak mental control, a lack of attempt to

limit the effects of normal stimuli ; if not a constant lack, a.% least

an occasional lack. She is morbidly sensitive, and presents an
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extravagant consciousness of self. She is oppressed by her sur-

roundings, and judges of circumstances by the effects they produce
upon herself. There is usually some bodily ill-health at the bottom
of hysteria, possibly some uterine disturbance, more often some
ansemia, and perhaps most often chronic dyspepsia. The subjects

are usually weak, easily tired both in brain and body, and possessed

by a frame of mind that is the reverse of self-reliant. In many
cases the patient's surroundings are unfortunate, her home life is

miserable, and her troubles have been numerous. In not a few of

the examples of hysteria in women past middle life, there may be
the elements of excessive drinking.

Symptoms.—The symptoms of hysteria may develop suddenly

after some great grief or personal calamity. More often they appear

slowly. Profound emotional disturbances do not so often appear to

lead to hysteria as do petty forms of irritation that are constantly

repeated. Worry, the continual dropping of water upon the

mental stone, is a great cause of the hysterical state.

The symptoms of the affection need not be dealt with in detail

and can only be briefly tabulated in this place. The features of

the hysterical "fit" are familiar.

Sensory disturbances —Hyperesthesia, intolerance of light or

of sound, intense dislike to certain odours and articles of food

;

neuralgia, often involving the muscles, and very commonly the

breast and intercostal nerves ; headache, hemicrania, " clavus

hystericus" (a defined gnawing pain about the top of the head,

near the sagittal suture or over one brow) ; abdominal pains (often

in the epigastrium) which may be attended by symptoms imitating

ulcer of the stomach, peritonitis, or ovarian disease. Anaesthesia, as

shown by sensory paralysis of certain tracts of skin, and by
hysterical blindness and deafness.

Motor disturbances as illustrated by paraplegia and hemiplegia,

by palsy of the bladder leading to incontinence ; of the gullet,

leading to dysphagia; of the bowels, causing tympanitis and
constipation, and of the vocal cords producing aphonia. Muscular
tremor, muscular spasms, contracted limbs, strabismus, etc., local

or general convulsions. "Globus hystericus": a sense as of a

ball rising from the abdomen into the throat, where it appears

to become impacted, a condition supposed to be due to peristaltic

contraction of the gullet.

Vascular disturbances, as shown by tumultuous or irregular

action of the heart, fainting fits, congestive headaches, exaggerated

blushing, extremities that may be at one time burning and at

another extremely cold ; bloodlessness of certain parts of the sur-

face, so that a pin-prick is not followed by bleeding ; disordered

menstruation ; irregularity in the quantity of urine excreted, etc.

Neuromimesis.—The phenomena of hysteria that mostly con-

cern surgical practice are those by which the features of certain

diseases are reproduced. To these phenomena the term of Neuro-

mimesis has been applied. This mimicry of disease may be very
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complete. The mimicry is no doubt unconscious, if instances of de-

liberate malingering be excluded, and it is usually founded upon some
trifling local disturbance. Dr. Weir Mitchell reports the case of a
hysterical girl in whom was reproduced a mimic cerebro-spinal

meningitis, after she had been fatigued by nursing two patients with
the actual disease. Probably her head ached and her back ached
because she was tired out, and upon the foundation of these natural

symptoms was soon built up the phantom malady.

It is to be noticed that in these mimicked diseases the patient

has often a knowledge of the real disease in the person of some
relative or friend.

Hysterical joint.—The symptoms of acute joint disease are

mimicked ; the parts most commonly involved are the hip and the

knee, and the manifestations are often preceded by some trifling

injury to the limb. The joint, to take the knee as an example, is

very painful, is stiff, is becoming flexed, and cannot be moved. Ex-
amination will show that the symptoms complained of are quite out
of proportion to the physical evidences of disease. The pain is

"excruciating" or "agonising," yet there is no effusion into the joint

and no swelling of the bones. The pain also varies, and is evi-

dently in the main due to an exceedingly sensitive condition of the

skin. It is a surface pain and not a deep-seated one. The painful

spot is commonly between the femur and tibia, and if it be cautiously

approached while the patient's attention is diverted, it may often be
pressed vigorously upon without producing any outcry. There is an
absence of the familiar " starting pains." Inter-articular pressure

causes no inconvenience. If the patient's attention be absorbed,

the joint may often be moved to a considerable extent, both actively

and passively. Under chloroform all the stiffness at once disappears.

In the case of the hip the position assumed by the limb is often

quite incongruous, and the deformed attitude is lost when the

patient is asleep or believes she is not observed. In time some
swelling may appear about the joint, but it will always be in the

subcutaneous tissue, and not in the articulation.

The skin will probably be cooler than normal, but fluctuations in

the surface heat are often noticed, and depend upon local vaso-

motor disturbances. Thus Dr. Mitchell reports a case where the

surface temperature of a hysterical knee was normal in the morning,

but rose in the evening to 99, 100, or 101 degrees. The temperature

of the other or sound knee was always normal.

After long-continued disuse the muscles of the limb will waste,

and the features of the actual disease be even more closely imitated.

The appearance of real disease is often encouraged by the treatment,

as by continued blistering and frequent painting with iodine.

Hysterical spine.—In this condition spinal caries may be

mimicked. There may be a history of some slight injury to the

spine, or the back may be painful from muscular weakness, or there

may be a trifling degree of lateral curvature. The mimic disease

is common at the root of the neck in the region of the vertebra
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prominens, and is also frequent in the lumbar spine. Intense pain
is complained of, but it is quite superficial, and pinching the skin

causes more distress than pressing the bone. The patient will

resent forcible moving of the part, but no rigidity, no deformity,

and no thickening are to be made out. A jar to the column
will not cause pain. In some cases there may be paraplegia,

which will present the characters of the hysterical form of that

affection.

Phantom tumours are produced by an abiding spasm of a
muscle or part of a muscle. By the contraction of the fibres a fairly

defined swelling may be produced. This is most often met with in

one of the compartments of the rectus abdominis, and may be
attended by some of the abdominal symptoms that are not uncom-
mon in hysteria. Dr. "Weir Mitchell gives accounts of like tumours
in the calf and in the pectoral region. These swellings can be made
out to be muscular; they vary in size, they are apt to disappear,

and entirely vanish under an anaesthetic and during sleep.

Abdominal troubles.—These are usually very incongruous.

In not a few instances the symptoms of ulcer of the stomach are fairly

imitated. In others there is a distinct dilatation of the stomach,

with constant eructations. Unaccountable vomiting, flatulent dis-

tension of the intestines, obstinate constipation, a fitful diarrhoea,

and more or less "violent" colic are all fairly common. (See

page 383.)

In one case under my care the abdomen was opened because the

symptoms complained of closely resembled those of stricture of the

small intestine. The bowel was found to be normal, but all the

symptoms vanished after the operation.

Retention or incontinence of urine in the hysterical may be

recognised by the general symptoms presented by the patient,

and by an absence of any of the physical conditions that would
cause the complication.

Treatment.—The general treatment of hysteria concerns the

physician rather than the surgeon. It will here be sufficient to say

that any probable cause of the disease should be treated, uterine

troubles relieved, dyspepsia treated, and debility dealt with by the

usual means. Drugs, such as valerian and asafoetida, are of little

use, but bromide of potash is of value when there is much restless-

ness, and when the patient is distressed by the nerve pains.

In obstinate cases no measures succeed so well as those adopted

by Dr. Weir Mitchell :—(1) Perfect seclusion, so enforced that the

patient is removed from all home influences, and from the attractive

halo of indiscreetly sympathetic friends. (2) Perfect rest both of

brain and body. (3) Such moral influences as may induce the

patient to recognise the true nature of her ailment, and to aid

treatment by rightly exercising again a long dormant or perverted

will. (4) Passive exercise in the form of massage, or " muscle

kneading." This shampooing of affected parts should be con-

ducted from thirty to sixty minutes daily, and, as Dr. Mitchell
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expresses it, acts as an admirable " mechanical tonic." The induced
current may also be used for the same ends.

In some cases of hysterical joint an immediate cure has followed

a rough and sudden flexing of the stiffened limb or the application

of so strong an electric current as to cause the patient to exert all

her powers to prevent a threatened renewal of the treatment. In
most of these mimicked joint affections massage and passive move-
ments have good effect.

The hysterical spine is less easily managed and many patients

have been bedridden for years with this affection.

The success of treatment in any of these cases will depend more
upon common sense and good judgment than upon any precise and
formal line of treatment.

Hysteria in the male.—Conditions are occasionally met with

in the male subject which so nearly resemble hysteria in the opposite

sex that—in spite of the absurdity of the term when its etymology
is considered—they may be conveniently termed hysterical.

So far as the mimicry of disease is concerned, the conditions

which are most frequently met with in males may be classified under
two headings :—(1) Abdominal neurosis and (2) sexual neurosis.

(1) Abdominal neurosis.—The patient who exhibits this con-

dition is most usually the victim of chronic dyspepsia. He becomes
hypochondriacal and melancholic. He is usually constipated, and
the whole interest of his life is apt to be centred in the action of

his bowels. He takes aperients without stint and inspects his

motions with horrible care. Sometimes he has a dreadful gnawing
pain in his belly, which he is convinced is due to cancer. In other

cases the stomach is dilated, eructations are continuous, vomiting
may be frequent. In one or two reported examples of intestinal

neurosis the vomiting was fseculent. Flatulent distension of the

abdomen is common. In any case the utter misery and despondency
of the man are very noticeable and contrast with his usually well-

nourished condition. He is sometimes the member of a family prone
to insanity. He may have been greatly overworked or greatly

worried. He may have very defective teeth. He may have injured

his health by excessive drinking. He speaks of his symptoms with

extreme exaggeration.

Rest, dieting, sedatives, massage, and quiet will cure some cases.

Electricity is useful in others. Complete change of life and scene

will dispel the troubles of a third class of patient, but there are

some who appear to be really hopeless. I have met with a case in

which all the symptoms disappeared on the passing of a tapeworm,

and another in which the securing of a long unrecognised movable

kidney put an end to symptoms closely resembling stricture of the

pylorus. In one or two instances of the worst kind I have carried

out an exploratory incision into the abdomen. In no case was any-

thing abnormal found and in no case did the symptoms return.

(2) Sexual neurosis.—The basis for the familiar symptoms of

these protean troubles is commonly a slight degree of stricture, a
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varicocele, or a chronic prostatitis. In some instances there is an
impression in the patient's mind that he is impotent, and that he

has fallen into the parlous condition so graphically described in the

pamphlets of the quack. In others he declares he has a " seminal

discharge," which, however, can commonly be shown not to be semen.

In certain examples the neck of the bladder is the seat of the

nervous phenomena, and these cases are, perhaps, the most trouble-

some of all. When these patients come under the surgeon's notice,

it is probable that they will have already used every form of urethral

injection, will have had a cystocope passed, and will have been
sounded for stone. They will also have taken sea voyages. The
basis of their trouble is, as already stated, often a slight degree of

chronic prostatitis combined with a morbidly sensitive mind and a

debilitated nervous system. The treatment of these cases must be

left to common sense rather than to surgery.
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By JONATHAN HUTCHINSON, Jr., F.E.C.S.,

Assistant Surgeon to the London Hospital ; Surgeon to the Lock Hospital.

Syphilis is a disease confined to the human subject, but met with
in all parts of the globe, due to the entrance of a virus (the nature

of which is not yet conclusively proved) into the system, either by
direct inoculation or by inheritance

—

i.e. transmission from either

father or mother to their child. In some points it resembles a

specific or exanthem fever, but the stages are comparatively very

protracted, and its remote effects far more persistent and important.

There is a certain amount of evidence to point to the virus of syphilis

being a very small bacillus, but we cannot

at present go beyond this vague statement,

and even on this point the results of various

investigators have been either negative or

very doubtful. (See page 37.)

ACQUIRED SYPHILIS.

The stages of syphilis.— We will

first consider acquired syphilis, leaving till

later any notice of the symptoms of the con-

genital or inherited disease.

After inoculation (generally by venereal

contact, but also in a host of other ways) a

variable period of incubation occurs before

the primary sore or chancre appears. By Fig. 78.—Chancre of Penis,

,,
r

i / , ,

,

i • i j.1. with Herpes of Glands.
the end of two, three, or four weeks the

characters of the chancre are usually such as to suggest the

strongest suspicion of syphilitic infection to a skilled observer :

at this date the nearest lymphatic glands become enlarged. The

so-called primary stage dates from inoculation up to the appear-

ance of various symmetrical affections, which indicate that the

poison is pervading the whole system. Chief of these are eruptions

on the skin and mucous membrane of the throat, bone and joint

pains, general enlargement of lymphatic glands, and thinning of

the hair. With the earliest of these symptoms (usually at the end

of six to eight weeks from the date of contagion) begins the second-

ary stage, which may roughly be said to last for two years. During

N
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both these stages the disease may readily be transferred from the

patient to others through any sore which may exist, and perhaps,

under exceptional conditions, through inoculation with various nor-

mal secretions. The virus undoubtedly may retain its power for a

day or two (possibly considerably longer) after it has left the subject

from whom it was derived, and a single individual with syphilis

may transmit it almost indefinitely, though the risk of contagion

grows much less after the secondary stage has been passed through.

Unfortunately the possibility of inheritance of syphilis may extend

for many years after the primary disease in the parent (in some cases

five, ten, or even more years) ; though the longer the interval the

less severe will the symptoms in the child probably be. Following

the secondary comes the intermediate stage. (See page 406.)

The tertiary stage includes the appearance of various lesions of

the bones, viscera, skin, and nervous system, etc., which are much
more persistent and serious than those of the secondary ones. They
are generally unsymmetrical, or, at any rate, if occurring on both

sides of the body, they do not present exact symmetry. Although
remarkably amenable in most cases to treatment by iodides and
mercury, the tendency of many of the tertiary lesions is both aggress-

ive and destructive. The tertiary stage rarely commences before

two years have elapsed from infection, but it cannot be said to have

any other time-limit. It must not be supposed that every case of

syphilis goes through a regular series of symptoms which can be

grouped into the three stages given above. If treated efficiently and
for a long pei-iod, there is often a complete exemption from any
tertiary symptoms whatever, and if mercury be begun very early

(of course, in cases where the diagnosis of primary syphilis

can be positively made) the secondary symptoms also may be pre-

vented or greatly modified from their usual date of occurrence and
intensity.

Besides the all-important influence of treatment just mentioned,

we must lay stress on the fact that the severity of the disease

appears to differ considerably in different individuals, for reasons

we can rarely even suggest, but which are referred to "idiosyn-

crasy." That syphilis is nowadays a much milder affection than

in the Middle Ages is a very prevalent belief, without the slightest

foundation, except in so far that the treatment of it has immensely
improved.

PRIMARY SYPHILIS.

A question of some interest is from what source the contagion is

derived in primary venereal chancres. It may be affirmed without

hesitation that as a rule the source of contagion is some moist or

secreting secondary lesion, of the nature of a condyloma. Primary
chancres in women, although very contagious whilst they last, do

not often persist more than a few weeks, if so long ; whereas a

condyloma of the vulva may last almost indefinitely if not treated,

and its capacity for infection prove almost unlimited. It may also
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be noted that both primary chancres and mucous patches have been
occasionally obseiwed on the cervix uteri.

The primary lesion.—We will now consider the primary
lesions in the male. For obvious reasons the site, of the chancre

is usually on the genitals, and here inoculation is especially favoured

by the delicate nature of the cutaneous surface. The space between
the glans penis and the prepuce is very apt to harbour the virus, a

fact forming one out of many reasons for the practice of circum-

cision at an early age.

From 60 to 70 per cent, of chancres in the male are situated on
the inner aspect of the prepuce, the retro-preputial fold, or on the

glans penis. Often, owing to congenital phimosis, or to swelling of the

prepuce, due to the irritation of the discharge, etc., it is impossible

for the patient to expose the sore ; but the induration to be felt

through the foreskin leaves little doubt in such cases as to the nature

of the concealed chancre. The meatus is by no means an uncommon
site for primary sores, which nearly always occur in the form of a

ring round the urinary opening. Their cicatrisation is then apt to

leave a stricture, but this sequela is not constant. Second in fre-

quency come chancres of the skin of the penis on its outer aspect,

whilst they are occasionally seen on the pubes, the inner side of the

thigh, the scrotum, etc. True urethral chancres

—

i.e. those occurring

within the meatus—are excessively rare.

It is a mistake to suppose that the syphilitic virus always obtains

access at the moment of contagion through a crack or abrasion of

the skin ; a perfectly unbroken surface of delicate epithelium will

allow of its inoculation, and this holds true in the case of chancres

of the conjunctiva as well as of the penis, etc. Where the skin is

harder and thicker—as, for instance, on the fingers, cheeks, etc.—it

is perhaps necessary for infection with syphilis that some breach of

surface should exist. Thus, many cases have occurred through
tattooing, from bites by the human subject, and through the practice

of kissing when a crack exists on the lips.

Signs Of infecting chancres.—After exposure to syphilitic

contagion, there may sometimes be noticed an abrasion which heals,

subsequently indurating and developing into a true chancre ; in

other cases one or more soft chancres may be present and follow the

same course, but in a large proportion of cases the patient's attention

is first called to the chancre at the end of three or four weeks, a .d

on his then presenting himself to the surgeon all the characteristic

features of a primary infecting sore may be present (Fig. 78). The
chancre is well defined, raised, slightly ulcerated, and secreting a

little thin discharge, rounded or oval in outline, and usually painless.

When grasped between finger and thumb, a hardness, varying in

degree up to that of firm cartilage, is detected ; but the amount of in-

duration will depend somewhat on the site of the lesion. It is most
marked in chancres of the inner aspect of the prepuce, especially

at the retro-preputial furrow ; on the glans penis it may be but
slight and of such little depth as to suggest parchment. It must

x 2
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be distinguished from mere inflammatory infiltration, and occasion-

ally a deceptive hardness is produced in a soft chancre by cauterisa-

tion with nitrate of silver.

Within a very short time the inguinal lymphatic glands enlarge

and form what is sometimes termed the bullety or amygdaloid bubo.

All the glands in the oblique set along Poupart's ligament (especially

those nearest to the penis) increase in size ; the bubo is painless, or

almost so, adherent neither to the skin nor to the deep tissues, and
very persistent. Even if mercury be given early, it may be many
weeks or months before the glands return to their normal
size. The highest glands of the vertical set are also sometimes
enlarged. It is a curious fact that often the chancre is on one side of

the genitals, the bubo on the other, no doubt owing to crossing of the

lymphatic vessels. It should be noted that in a considerable number
of cases (though certainly not the majority) the dorsal lymphatic

vessels can be traced up from near the chancre to the root of the

penis, or even to the glands themselves, as hard cords. These
indurated lymphatics are of some value in diagnosis, as they rarely

or never occur except in cases of syphilitic infection. Running
from a chancre of the finger I have been able to trace them up to

the axilla. The glands in each groin may enlarge equally, and
sometimes attain a great size—up to that of a goose's egg. It is,

however, important to remember that the normal inguinal glands, if

the patient be not stout, can readily be felt ; and the younger the

patient the more distinct are they likely to be. Again, owing to

some non-venereal irritation—such as the pressure of a truss—

a

man may have his inguinal glands persistently enlarged.

Following extra-genital chancres we find constantly induration

and swelling of the nearest lymphatic glands. Thus, with a chancre

on the lips or cheek, there will be a sub-maxillary bubo ; on the

conjunctiva a pre-auricular one with, as a rule, swelling of the glands

below the jaw ; a chancre on the fingers is attended with an axillary

bubo (and in the case of the sore being on the inner fingers, an
epicondylar one), etc. It seems to be the fact that the bubo caused

by the extra-genital chancres is more often inflamed and painful than
when due to genital infecting sores, but indolent painless enlargement

is not uncommon in the former case.

Is every infecting chancre attended with gland enlargement 1

Cases where the latter is absent, or where it cannot be detected, do
undoubtedly occur, but they are so few that they may practically be

disregarded.

Sometimes the chancre itself is very insignificant—merely a

small indurated papule—at others it is a large deep ulcer, with

foul-smelling discharge ; occasionally we see a complete collar-like

ring of induration around the base of the glans penis.

In women the primary lesion is usually on one or other of the

labia ; it has been detected on the os uteri, but cui'iously the true

vaginal wall seems to be almost exempt. Amongst the less frequent

sites of chancres we have to note the scrotum, perineum in both sexes,
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the anus, and the inner side of the thigh. When derived from acci-

dental non-venereal infection, it would be almost impossible to mention
any part of the body on which they have not been noted. I have seen
one infecting sore on a boy's heel (no doubt from contamination due
to dressing an abrasion from boot pressure), another on the vertex

of a man's head. In wet-nurses the nipple and breast are favourite

sites of inoculation ; about the mouth chancres have been observed

on the tongue, the tonsil, the pharyngeal wall, etc. It may be
stated as being almost without exception, that all extra-genital

chancres are syphilitic or infecting ones.

Indurated chancres are, as a rule, single, but by no means always
so, for as many as ten or fifteen have been observed on the same
patient, and two or three are not very uncommon. They are usually

non-inoculable on the same patient, but this is, again, only partially

true. Soft ones, however, can readily be inoculated, and nothing is

more frequent than to see examples of this having occurred ; as, for

instance, from prepuce to glans or scrotum, etc. We have already

noted that indurated sores are slow to disappear ; in women, how-
ever, they would seem to have a shorter term of existence than in

men, at any rate when situated on the genitals. It is important to

remember that they often completely disappear, leaving no trace

behind; and hence, when examining a patient with a doubtful

history of syphilis, no great reliance must be placed on the presence

or absence of a scar on the genitals. If a well-marked cicatrix be

found, it is more likely to be the remains of an ulcerating soft sore

than an infecting hard one.

Soft Or non-infecting" Chancres.—A large proportion of sores

on the genitals contracted from venereal contagion do not lead to

syphilis, and (although this has been keenly debated) in all proba-

bility they have nothing whatever to do with syphilis. Considering

the many varieties of micro-organisms which frequent the male and
female external genitals, it is no wonder that suppurative lesions

should be produced by sexual intercourse, apart from syphilis and
gonorrhoea. The soft chancre (chancroid of the French writers) has

the following characters:—(1) It has a very short period of incuba-

tion, a pustule forming within two to five days of contagion, and
very rapidly developing into an open sore or ulcer

; (2) it is nearly

always multiple, thus there may be a ring of ten to thirty small

ulcers round the coronal furrow or the preputial border
; (3) it is

invariably an open sore discharging pus, sometimes a very considerable

amount
; (4) it may cause no gland enlargement, or, on the other hand,

one or more of the inguinal glands may inflame or suppurate as a

result of it. The " bullety bubo " (5) is never seen apart from

syphilis ; if treated by strict cleanliness and an antiseptic powder, or

if cauterised, it nearly always heals quickly ; under other conditions

it may persist almost indefinitely.

Around a soft chancre there may be a good deal of inflammatory

thickening, but no true induration ; but it must be noted that a soft

sore may appear soon after inoculation, and after two or three weeks
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become indurated, and be followed by secondary syphilis. In this

case, no doubt, two poisons have been introduced at the same time

:

the micrococcus of suppuration and the germ of syphilis (whatever

that may be). The surgeon must exercise caution, therefore, in

giving an opinion as to the nature of any venereal chancre until

three or four weeks have elapsed from the date of contagion, though
in most cases he can be fairly sure before this.

Phagedenic chancres.
—"When a chancre rapidly destroys the

tissues, and spreads deeply into them, the term phagedsena is applied.

Sharp bleeding is apt to occur from these sores, owing to the arteries

being opened up ; and the haemorrhage, unless arrested by treatment,

may prove very formidable, and occasionally even fatal. Phagedsena

is especially liable to attack a concealed chancre far back under a

tight foreskin, and may destroy the glans completely, or cause

sloughing of the whole prepuce. The very foul-smelling, blood-

tinged discharge from such a sore should excite suspicion in the

surgeon's mind, and lead him to adopt the first essential step to its

treatment—thorough exposure by slitting up the prepuce.

The slough should be cut away, and the actual cautery may require

to be applied, in order to stop the haemorrhage. In many cases, con-

tinuous immersion in a warm bath containing a very weak solution

of bichloride of mercury, or some other good antiseptic, will stop

the phagedsenic process ; but if this is not successful or practicable,

the ulcer should be lightly cauterised with the acid nitrate of

mercury. Particular care should be taken if the ulceration verges

on the urethra. Iodoform should be freely applied in the intervals

of the immersion (which to be effective should be prolonged to many
hours a day). Acute phagedena is rarely attended with any gland

enlargement to speak of, and a considerable proportion of the cases do
not afterwards develop secondary symptoms ; others, however, suffer

severely from syphilis. These latter cases are generally instances of

comparatively slow phagedsena. In fact it is probable that the rapid

destruction of the tissues is an accidental complication due to some
virus other than that of syphilis, and having more alliance with that

of noma, or of the gangrenous ulceration induced experimentally in

rabbits, etc., by the inoculation of certain decomposing substances.

However this may be, it is a clinical fact that acute phagedsena is

usually accompanied by no bubo, and may be followed by no
secondary symptoms. The term is sometimes loosely applied to any
sore which tends to ulcerate deeply, but should be reserved for those

in which the destruction is very rapid. {See page 413.)

Phagedsena may attack tertiary ulcers

—

e.g. of the buttocks and
legs—but occasionally we meet with a similar complication in

neglected non-syphilitic ulcers.

The diagnosis of primary or infecting chancres. — It

may seem almost unnecessary to point out that the skin of the

male and female genital organs is liable to various diseases of the

general cutaneous surface. Psoriasis papules, inflamed sebaceous

glands, boils, simple inflammatory oedema, eczema, lupus, etc., are
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amongst the non-venereal affections which are sometimes seen on the
penis, scrotum, or vulva, and which may lead the unwary to an
erroneous diagnosis. Epithelioma of the penis has often been mis-

taken for a syphilitic chancre. Cases of gummatous ulceration of

the genital surface are frequent enough to deserve note, and probably
closely allied to these are the cases of so-called relapsing induration.

In this curious affection what happens is this : A man who has had
secondary syphilis yeai's before presents a slightly-raised induration

on the penis, at or close to the site of his former chancre. If he has
been lately exposed to venereal risk, nothing is more natural than for

the surgeon to conclude it is a case of second infection. But there is

no bubo, and no secondaries follow. Further, the induration may
occur in those who have not been exposed to the slightest risk of a

fresh attack of syphilis. That the lesion is of the nature of gumma-
tous deposit is made almost certain by its disappearance under iodide

of potassium. Although rare, the "relapsing false indurated chancre,"

which was first described by Hutchinson and Fournier, is well worth
bearing in mind, as it may lead to curious perplexity in practice.

The absence of gland enlargement, and the occurrence of the indura-

tion at the site of the old chancre, are the two features which help

most in the diagnosis.

The treatment of chancres and the buboes which attend
them.—Now and then it is worth while to attempt by excision, or

by thorough cauterisation of a chancre, to prevent syphilitic infection.

It must, however, be admitted that very few cases indeed are suitable

ones for this method of treatment. If the sore be seen within a few
days of known contagion, if it be situated on a part which can be

easily removed

—

e.g. the end of the foreskin—and if there be as yet

no gland enlargement, excision may be tried. It is, however, quite

useless when there is already a bubo, or if more than a few days have
elapsed from the date of contagion. Cauterisation with pure carbolic

acid is to be recommended for most soft chancres, or doubtful ones,

and when the sore is of unhealthy aspect and tending to spread, the

surface should be cleansed, and either carbolic acid or some stronger

caustic—such as nitric acid, or the acid nitrate of mercury—applied.

The pain may be diminished somewhat by previously applying a

strong solution of cocaine. Cleanliness should be enjoined in all

cases of venereal ulcers. The sore should be bathed several times

daily, and an antiseptic powder applied in the intervals. One of the

best is a mixture of iodoform (one part) with boracic acid (three

parts), finely powdered, and thoroughly mixed. Sometimes, even in

this weak preparation, iodoform causes erythema and irritation, or

its smell may be strongly objected to. Then calomel and zinc oxide

powder is useful, or the sore may be kept moist with a strip of linen

soaked in lotio nigra (calomel and lime water). As a rule, oint-

ments do not suit chancres, which show little tendency to heal under

their use.

Many syphilitic chancres are of the papular form, or occur as

indurated plaques without any breach of surface, and then hardly
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require local treatment. If the induration be extensive, the quickest

method of obtaining its resolution is to get the patient under the

influence of mercury.

The treatment of phagedenic sores has already been described.

The immediate sequelae of chancres.—The importance of a

thorough examination of the inguinal lymphatic glands in any case of

venereal infection cannot be over-estimated. It may at once be noted

that true gonorrhoea is but very rarely attended by the least enlarge-

ment of these glands. It is common for patients with gonorrhoea to

complain of pain in this region when the epididymis and vas are not

affected, and such pain is no doubt of a "referred" nature. Occasion-

ally one or two glands may be slightly swollen and tender, but a

marked inflammatory bubo, and still more, a suppurating one, in a

case of gonorrhoea is almost invariably due to some small chancre

which has complicated it. And here we would lay stress on the

frequent occurrence of venereal sores in the little pouches of

delicate skin on either side of the frsenum, sores which are readily

overlooked. Of soft chancres it often is true that the smaller the sore

the worse the bubo. Formidable inguinal abscesses may owe their

origin to some trifling abrasion or chancre, whilst a huge phagedenic
sore on the penis may from first to last never excite marked enlarge-

ment of the glands. To explain the latter curious fact we can only

suggest that the rapidity of the destructive action prevents absorption

by the lymphatics, and we have a parallel in the case of noma of

either the face or genitals. It must not be supposed that every case

of soft or non-infecting * chancre is attended with an inflamed bubo.

A large percentage escape, but the risk is so great that every means
should be taken to destroy the poison and to heal the sore as soon as

possible. A proper cauterisation of each soft sore is the most impor-

tant means to this end, and pure carbolic acid is, as a rule, the most
convenient form of caustic. It causes little pain compared with
nitric acid, Ricord's paste, and other caustics formerly in vogue. The
exact limits of its action are readily gaxiged by the white colour it

produces, and a single application, followed by the use of cleanliness

and a powder (one part of iodoform to three of boracic acid), will

usually bring about healing in a few days, unless the sore be large.

In the latter circumstances it may be necessary to apply the

carbolic acid repeatedly at short intervals, or to employ a stronger

caustic, such as one of those just mentioned, or the acid nitrate of

mercury.

The characters of a bubo following a soft chancre are well

known ; the gland enlargement is painful, ill-defined, the skin over

it becomes early adherent, inflamed, and if left to itself as a rule the

abscess bursts. It is generally undesirable to wait for true fluctua-

tion, and an early incision will secure exit for the pus, and prevent

serious undermining of the skin. Not infrequently peri-adenitis is

present, and one or more glands lie in a bag of pus ; this form is

* In using this convenient term we allude only to infection of the whole system

with syphilis.
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particularly troublesome to treat, and may require a long incision

and complete evacuation of the necrosing glands by Volkmann's
scoop, etc. Otherwise there is no necessity for more than a short

cut into the centre of the bubo, the pus being washed out with
carbolic solution, or evacuated by moderate pressure ; antiseptic

fomentations should then be applied and frequently changed. All
incisions into inguinal buboes should be made parallel with Poupart's

ligament. The patient with an inflamed bubo should, of course, rest

as much as possible, and it may be at once admitted that, if the

recumbent position can be secured, and the source of the contagion

—

the chancre—be efficiently treated, a considerable number of inflamed

inguinal buboes will subside without incision. It is impossible here

to lay down an absolute rule ; the surgeon's instinct must be the

guide in deciding whether the use of the knife is called for or not.

SECONDARY SYPHILIS.

Phenomena of secondary syphilis.—This stage commences
with the appearance of a cutaneous eruption and of superficial

lesions on the mucous membrane of the throat, tongue, etc., with
general enlargement of the lymphatic glands ; and with certain

other symptoms which are, as a rule, symmetrical, tend to dis-

appear spontaneously after a variable period, and are remarkably
amenable to mercurial treatment. Prom the date of contagion to

the occurrence of the earliest secondary lesions, eight to twelve

weeks usually elapse ; or from the induration of the primary chancre,

about five to eight weeks. If the dates can be well ascertained, it

will be found that, although occasionally only six or seven weeks
have intervened between infection and the first cutaneous eruption,

etc., two months is the usual time. Exceptions to this rule may,
however, arise in the following circumstances :

—

(1) If mercury be administered as soon as the chancre and glands

become characteristic of syphilis, the secondaries may be greatly

deferred or wholly prevented.

(2) If the patient develop an intercurrent illness (such as typhoid

fever) soon after infection, the secondary eruption may be postponed

for a considerable period.

(3) In a few cases, for some unexplained reason, the secondary

stage is not entered upon for three or four months, or even more.

It is difficult to give a precise time for the duration of the

secondary stage, as cases differ so much in the natural severity of

the disease, and still more according to the treatment employed.

Some authorities assign six months, others a year, and by some two

years from the date of infection is given as the limit of time during

which secondary symptoms may appear. On the whole, the latter

appears to be the most accurate and convenient, with the reservation

that there is no sharp line of distinction between the secondary and

tertiary stages.

Skin eruptions.—The most frequent early syphilitic eruption
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takes the form of— (1) an erythema or roseola, consisting of

scattered pinkisli spots on the trunk and limbs (especially the flexor

aspects), which diminish or disappear on stretching the skin, and
which are not unlike the eruption of measles.'

Next in frequency and order of appearance comes (2) a
papular or lichenoid syphilide. This may consist of either

small or large papules, which are composed of masses of exudation
cells, accompanied by congestion and alteration of the walls of the

small vessels in and close to the papules (thickening of the coats and
cell deposit around them). A certain amount of proliferation and

Pig. 79.—Condyloma at the Margin of the Anus, from a patient with secondary syphilis.
The surface of the condyloma is seen to be intersected by fissures, and to have a
somewhat granular appearance.

inflammatory change is common in the epithelium covering the

papules, and hence there may be a thin dry scale on each, forming

the papulosquamous syphilide. The large papules are of the same
nature, and if desquamation occurs on them, a mere or less close

resemblance to common psoriasis is produced. If situated on parts

of the skin habitually moist, such as the scrotum, the vulva, around
the anus, and at the lip-commissures, these large papules have a peculiar

appearance, becoming covered with a delicate whitish kind of false

membrane, secreting a thin discharge (which is extremely liable to

convey infection to others), having a broad base and a smooth
surface. They are then known as condylomata ; and very similar

lesions occur on the mucous membrane of the mouth lining the lips,

the tongue, tonsils, palate, etc. Although these are frequently refer-

red to as mucous patches, there is no essential difference (other than

their site) between them and condylomata (Fig. 79). Condylomata

are occasionally met with in such situations as the umbilicus, the
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axillary folds, the lower border of the breasts, especially in women
who perspire freely. The external meatus of the ear is another rare

but interesting position, for here a condyloma may block the passage
and cause temporary deafness. Between the toes they may develop,

and are then prone to fissure or ulcerate deeply, giving rise to the

most intense foetor. On the tongue, lips, and at the anus, con-

dylomata are also prone to ulcerate or fissure from various irritative

causes ; and hence a good deal of pain

may be experienced in them. The term
rhagades is applied to such fissured condy-

lomata.

(3) If the infiltration of the skin be
very extensive, the so-called nodular
cr tubercular syphilide is produced,

tending to ulcerate and then heal in the

centre, spreading at the edge, and closely

resembling lupus.
This maybe met with
almost anywhere, but
the favourite sites are

80.—Syphilitic Kupia, saowiug the " Limpet-shell" dry Crusts and the dark Patches
left by the healed Ulcers.

round the anterior nares, the forehead, scalp, the region over the

lumbar and sacral vertebrae, and the buttocks.

(4) A pustular eruption is not uncommon, and may resemble

acne, varicella or variola ; the individual pustules may break and

form very large crusts (when the term ecthyma is applied). Oc-

casionally a true vesicular eruption occurs, the contents of the vesicles

being clear serum, but this is so rare a form of syphilide that it

hardly deserves to be placed in a separate class.

(5) By pemphigus is understood an eruption composed of large

vesicles. These are apt to suppurate and burst ; a certain amount of

scab is left, which is pushed up by subsequent extension of the

process, until ultimately a conical mass of dried (generally dark-

coloured) scab is produced, which is aptly compared to a limpet-shell.

If the scab be detached, a circular superficial ulcer is exposed, the

centre of which may have almost, or quite healed. To this form of

syphilitic eruption the term rupia is applied (-Fig. 80).

Both pemphigus and rupia are rare syphilides, occur late in the

N* -2
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secondary stage, and generally denote a very severe attack or a low
state of health in the patient. Pemphigus is more commonly met
with in infants suffering severely from inherited syphilis, than in

adults with the acquired form ; on the other hand, rupia is, perhaps,

confined to the latter.

These five classes of eruptions occurring on skin and mucous
membranes—namely (1) erythematous or roseolar; (2) papular or

lichenoid (including the papulo-squamous or squamous syphilide)

;

(3) tubercular or lupoid
; (4) pustular and vesicular

; (5) bullous or

pemphigus and rupia—include all the chief varieties met with during

the secondary stage. Rare forms—such as a purpuric or hsemorr-

hagic syphilide and the so-called pigmentary eruption—need not here

be described.

Characters of ilie skin eruptions.—It must be clearly

understood that the skin lesions of syphilis rarely keep to one type,

and that, for instance, the same patient may present papules inter-

spersed with pustules, and here and there a lupus-like patch. This

polymorphism is a marked characteristic of syphilitic eruptions;

another is their rough symmetry (the earlier the eruption the more
decided will the symmetry be) ; a third feature is their tendency to

disappear spontaneously after existing a certain time, and much more
quickly under the internal use of mercury ; a fourth is the absence

ofpain or itching about the eruption ; a fifth, the copper or lean ham
colour the spots may assume ; finally, they occur especially on the

flexor aspects of the limbs, the front and back of the abdomen, the

forehead, and edge of the hairy scalp. Taken together, these charac-

ters are of considerable use in the diagnosis of syphilitic skin disease,

but either one of them may be wanting. Thus, for instance, a secondary

eruption may be uniformly roseolar or papular, it may affect the

extensor surfaces largely, may cause a fair amount of irritation, etc.

Another important point to bear in mind is that there is no
single form of skin lesion peculiar to syphilis. " It may imitate all,

it originates none." The most characteristic undoubtedly ai'e the

condyloma and the " limpet-shell " crust of rupia. In examining for

an early syphilide, particular attention should be directed to the

front of the abdomen and chest and the inner aspect of the thighs,

for not infrequently the eruption is almost confined to these parts.

The penis and scrotum are often affected, and a very characteristic

form on the latter is a crescent of reddish infiltration or confluent

papules, which ma)' be accompanied with some peeling, or develop

into a condyloma. The annular or gyrate outline is met with also on

other parts of the body, sometimes as perfect circles of the eruption
;

at others in most irregular figures, due to the coalescence of several

circles (Fig. 89).

A similar gyrate arrangement is met with in some parasitic skin

eruptions

—

i.e. those due to the tinea fungus—and it may happen
that only careful microscopic examination, or a search for other

syphilitic symptoms, will decide the diagnosis. The term serpi-

ginous is applied to an eruption which creeps over the surface,
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leaving healthy skin in the centre, whilst spreading at the edge,

and many of the later syphilides show a serpiginous tendency. (See

Fig. 87.)

The peculiar reddish-brown (copper or lean ham) colour of many
syphilides has already been alluded to. It is most pronounced when
the eruption has existed for some few weeks. In a few cases the
amount of pigmentation is excessive, and may last for a very long

time.

The early syphilides usually disappear without leaving any trace

of their existence, but the later ones—such as rupia, the syphilitic

ecthyma, and the lupoid syphilide—generally heal by scarring.

Whilst too much importance must not be attached to the character

of scars in deciding that they are the remains of syphilis, it may be

stated that such scars are commonly circular, thin, supple, and white

(often suggesting tissue paper), with sometimes a ring of pigment
around them, and wholly free from the hypertrophic tags of skin

often met with close to scars of healed strumous or tubercular ulcers.

In describing the syphilitic eruptions, no mention has yet been
made of a rather peculiar form—the papulosquamous syphilide of

the palmar and plantar aspects of hands and feet. This somewhat
resembles, and is often termed, a psoriasis, and whilst the papules or

nodules which first develop in these positions do not differ from those

met with on other parts of the body, the thick overlying epidermis,

which becomes loosened and remains partly detached for long in large

rounded flakes, gives it a peculiar appearance. The hands alone or the

feet may be symmetrically attacked, but in the later stages of syphilis

the disease may be confined to one hand or foot. In many cases the

eruption is extremely difficult to cure, and may persist long after all

other symptoms of constitutional infection have disappeared. Through
the coalescence of several patches, the whole inferior aspect of foot

or hand may become involved, the margin of the disease having a

slightly raised and infiltrated edge.

General symptoms.—Shortly before, or at the same time as

the outbreak of the early cutaneous eruption, the patient's general

health suffers in a considerable number of cases. He complains of

aching pains in the long bones, the joints, and the head. Sometimes
there is lumbar pain, general lassitude, or distinct febrile disorder of

a mild type. About every third case of secondary syphilis has dis-

tinct nocturnal elevation of temperature for a few days (Fournier),

accompanied by increased pulse-rate, malaise, etc. Several observers

have proved that the proportion of red corpuscles in the blood is

diminished in marked cases of secondary syphilis, to be increased

again after mercury has been given for a time. Decided anaemia is,

however, not very common, and is usually met with in women, who
also present such symptoms as palpitation of the heart and shortness

of breath more often than men during the secondary stage. It is

worthy of note that occasionally the " syphilitic fever " takes on an
intermittent type, and is then liable to be mistaken for ague, or a

continuous rise of temperature lasting for several weeks may give
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rise to the supposition of typhoid. As a rule, the increase of tem-
perature is but slight, or wholly absent, and these exceptional cases

are to be remembered chiefly from the errors of diagnosis and
treatment that they may cause.

General gland enlargement.—This important symptom is of

very frequent, though not constant, occurrence. The lymphatic glands

of the sub-occipital region, those along the sterno-mastoid muscle in both

triangles of the neck, the epitrochlear glands in the arms, and the

inguinal ones are most easily noticed to be swollen during the early

secondary stage ; but there is good reason for believing that the deep

lymphatic glands in the abdomen, etc., are similarly affected. The
enlargement is hardly ever painful, rarely of high degree, and may
occur quite independently of any cutaneous eruption in the part

supplying the glands concerned. Congestion and slight swelling of

the liver and spleen are probably not very infrequent, and now and
then a sharp attack of jaundice is met with during the secondary

stage. If the gland enlargement be very marked, the anaemia or, at

any rate, increase of the white corpuscles in the blood, will also be

pronounced. It is probable that congestion of the bone marrow and
periosteum accounts for the dull aching pain in the legs, head, etc.,

which has been mentioned as of frequent occurrence.

Affections Of the Skin appendages.—Thinning of the hair ot

the scalp is a notorious symptom of secondary syphilis, and may be

met with in all degrees up to the production of temporary baldness.

Usually, it only amounts to the hair coming away more freely than

normal all over the head when combed, though sometimes the

alopecia is patchy in distribution. As a rule, the hair grows again

freely after a time, especially under good mercui'ial treatment. The
eyebrows and eyelashes may occasionally be shed or thinned in a

similar way to the hair of the scalp.

The nails are less commonly affected ; but in severe cases they

are liable to become brittle, roughened irregularly at their free

edges, or in some cases longitudinally striated. The whole nail

may be shed through inflammation of the matrix, and occasionally

syphilis produces a peri-onychia or troublesome ulceration around

the nail-margin. In most cases, if the nails are affected at all, many
of them, both on the hands and feet, show evidence of the disease,

which is nearly always severe also as regards the skin-eruption and

other secondary lesions.

Secondary lesions of the mouth and throat.—These are

almost as frequent and important as those of the skin, and from the

pain or discomfort they produce, are perhaps even more likely to

attract the patient's attention. The occurrence of mucous patches

on the lips, inner side of the cheeks, and the tongue has already been

noticed (Fig. 81). Another very frequent symptom of syphilis is an

ulcerated patch or fissure on the commissures of the lips, which

encroaches on the skin surface, and from its position is often slow

to heal. Superficial ulcers are also common on the tongue, espe-

cially along its margin (though often on the dorsum), and similar
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erosions and mucous patches are extremely apt to occur on the
tonsils and adjoining part of the soft palate or pillars of the fauces.
In exceptionally severe cases the ulceration may be deep, and lead to
much deformity of the pharynx by contraction ; but in the early
stage of secondary syphilis the most frequent lesion is a greyish-
white sinuous, often rounded, patch on each tonsil, accompanied
by more or less

swelling of the

lymphatic glands ___=

at the angles of ^.-
""
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the jaw. v ,;,;,: *.-,i'\ ;,
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In other cases IBi;
the tonsils are

simply hypertro-

phied and, with
the rest of the

mucous membrane
of the throat, con-

gested, but not
ulcerated. Bald,

congested areas on
the tongue are

sometimes seen,

the epithelial
covering of the

papillae being here

shed in great part,

and these rounded
denudation
patches are very

characteristic of

syphilis, though
they also occur

in the rare disease

known as "wan-
dering rash of the

tongue " (usually

met with in young
children). As to the severity of the secondaiy affections of the

mouth and throat, a good deal will depend on the patient's habits and
the treatment employed. If he neglect all measures of oral hygiene,

continue to smoke and to drink spirits and beer, or if mercury be

given injudiciously so as to cause salivation, the ulcers and mucous
patches will probably be extensive, slow to heal, and very liable to

relapse. Sometimes, however, grave ulceration of the mouth and
throat during the secondary stage may occur apart from any want
of care in treatment or on the patient's part, and may prove ex-

tremely refractory. The base of the tongue, the epiglottis, and the

laryngeal orifice may be affected with mucous patches, persistent

'. 81.—Syphilitic Eruption on the Tongue -a the early
Secondary Period, snowing many mucous patches and.

some ulcers and fissures.
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erythema, or ulcers ; and there is a distinct clanger of cedema of the

glottis supervening in bad cases, and causing death unless a prompt
tracheotomy be performed.

A common sequela of syphilitic glossitis or of mucous patches

elsewhere in the mouth, provided they last for a long time, is

the development of white, warty areas, which may prove very

persistent.

Diagnosis and treatment.—From follicular tonsillitis

—

ulcers due to sharp teeth, abuse of smoking and spirit-drinking—and
herpes of the mouth, the secondary syphilitic lesions require to be

carefully distinguished. The " smoker's patches " may be found on
the tongue, occasionally on the fauces, or as triangular areas of thick-

ened white mucous membrane, extending backwards on either cheek

from the commissures of the lips. Acute tonsillitis is much more
painful, accompanied with more swelling of the soft palate, etc., and
with more fever and general constitutional disturbance than the

secondary syphilitic ulcers. In both the nearest lymphatic glands

are liable to be enlarged, but in a more marked degree with non-

specific tonsillitis than with syphilis.

The treatment consists chiefly in the administration of mercury
(and in many cases of bad throat affections it is desirable to give

iodides at the same time, even though the patient be in the early

secondary stage), but also in various local measures. Smoking
should be strictly prohibited, and if alcohol be allowed at all, it

should be in the form of a glass of claret with the chief meal.

Generally, it is advisable that the patient should entirely give up
both alcohol and tobacco during the secondarj^ stage, especially if

the throat or tongue be at all affected. A gargle of alum (5 to 15

grains to the ounce), of chlorate of potash (10 to 20 grains), or of

perchloride of mercury (^ to 1 grain to the ounce) should be fre-

quently used, with special care in the case of the last-named drug.

Painting the mucous patches with a solution of nitrate of silver

(5 to 20 grains to the ounce), or of chromic acid (in the same pro-

portion) is often of the greatest service if repeated every few days
until healing begins.

A few obstinate and severe cases of ulceration may require more
energetic treatment, such as cauterisation with the acid nitrate of

mercury.

Sometimes syphilitic ulcers of the tongue, cheek, etc., may be

kept iip by the irritation of sharp or decayed teeth, or of badly-

constructed tooth-plates, and attention should be directed to these

points in the treatment. When the mucous membrane overhangs

a wisdom tooth, it is especially liable to give trouble if the mouth
be attacked by syphilitic lesions, though it is rare for the tooth to

require extraction on this account. It is almost needless to point out

that very hot fluids, mustard, pepper, and other condiments, should

be avoided in all cases of sj'philis of the mouth. If the ulcers

cause much discomfort or pain, the frequent use of marsh-mallow

lozenges is very soothing and quite harmless.
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Secondary syphilitic lesions of the eyes.—Of these the
chief are : 1, Iritis ; 2, Choroiditis ; 3, Neuro-retinitis ; the first-

named being by far the most frequent.

1. Syphilitic iritis is practically confined to the secondary-

stage when the disease has been acquired; whilst in the inherited

form it may occur within a few months of birth or many years

afterwards (as a complication of interstitial keratitis). We are now
dealing only with the iritis of acquired syphilis, which is commonly
met with from three to eight months after infection, and forms up-

wards of 50 per cent, of all the cases of iritis. It is, however, when
compared with syphilitic affections of the throat or skin, present in

only a small proportion of cases. It varies greatly in severity, may
attack both eyes, or only one ; and in the former case there is often

an interval of a few weeks or more between the onset of the disease

on the two sides. The chief symptoms are (1) ciliary congestion

with a certain amount of pain referred to the forehead or temple,

photophobia, and lachrymation
; (2) discoloured iris, sluggish

action of the pupil, which dilates irregularly under atropine
; (3)

adhesions to the lens, deposit of uveal pigment, nodules of lymph
in or on the iris.

The congestion, pain, and photophobia are less marked in

syphilitic than in rheumatic iritis ; there is little tendency to re-

lapse in the former, and if definite lymph nodules or small gummata
are present, they are conclusive as to the cause being syphilis. The
treatment consists in the vigorous use of atropine until the pupil is

widely dilated, and in pushing mercury to the verge of producing

salivation or sponginess of the gums. The affected eye should be

protected from light during the acute stage, and if the pain be
severe, blistering the temple, or the use of opium or antipyrin

internally, may be required. If only proper treatment be adopted

early enough, there are few diseases so satisfactory to treat as

syphilitic iritis, perfect vision being probably regained ; but if

neglected, complete loss of sight, owing to blocking of the pupil,

secondary cataract, etc., is liable to occur.

2. Choroiditis may come on independently of iritis, or" as a

later complication of the latter, and may give rise to no subjective

symptoms, especially as it is essentially peripheral, i.e. confined to

that part of the choroid coat farthest away from the optic disc. The
importance of careful ophthalmoscopic examination in any doubtful

case of old syphilis, as well as search for iritic adhesions, cannot be

overrated. Small patches of inflammatory cell-exudation in the capil-

lary layer of the choroid, which atrophy, leaving white or grey areas,

surrounded often by deep black pigment, the patches being scattered

about the periphery, and at a deeper level than the retinal vessels

—such are the characteristic features of syphilitic choroiditis. Some-
times, however, the disease occurs in large or small patches towards

the central or yellow spot region, and may then produce grave defect

of vision, since the retina overlying the affected choroid is nearly

always much damaged.
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3. Neuro-retinitis may occasionally develop during the second-

ary stage in one or both eyes, and attention is directed to it by
rapid failure of sight ; sometimes amounting to complete loss. The
ophthalmoscope shows the optic disc and adjacent retina to be blurred

and hazy, and the papilla itself to be swollen, while the retinal veins

are engorged, and the arteries tortuous and obscured at various

points by lymph. Small haemorrhages may be present in the retina,

radiating from the disc. Opacities are often developed in the

vitreous with this form, as with some cases of choroiditis. The
visual field is always markedly limited.

Treatment of both the preceding lesions of the eye to be

effectual must be prompt, and in either, if mercury be administered

up to producing sponginess of the gums soon after the disease is

noticed, the result is often most satisfactory. Complete rest of the

eyes should be enjoined for a time, and it is often advisable

to give the iodides in addition to mercury. When the choroi-

ditis is recent or progressive, treatment should be long con-

tinued, and surprising improvement sometimes results. "When,
however, the changes have long existed, little or no benefit can be
looked for.

Variations in the secondary symptoms.—The chief symp-
toms of the secondary stage have now been briefly discussed, and in

reviewing them, attention must be directed to the remarkable differ-

ences in severity which we observe. Some patients, fortunately only

a small majority, suffer terribly from the first development of

secondaiy symptoms. In them the ecthymatous, or rupial erup-

tion, soon follows the roseola ; the mucous membrane of throat,

lips, etc., may be deeply ulcerated ; very severe bone pains (with

actual nodes) may wear out their strength ; the glandular en-

largement and general prostration may be excessive, and the

secondary stage pass without break into the tertiary one. The term
precocious malign syphilis has been given to these cases, and
although it is most often met with in subjects broken down by
drink or bad living, or with marked strumous taint, yet sometimes

it is 'impossible to assign any such reason. In some cases neither

mercury nor iodides can be tolerated, even in minute doses ; in

others injudicious treatment (causing salivation, diarrhoea, etc.) has

been responsible for the worst features of the case. Secondary

syphilis may cause death by oedema glottidis supervening on ulcers

of the throat, or larynx, by early gummatous lesions of the cerebral

arteries, or through the profound cachexia it sometimes produces.

Its sufferers may be incapacitated by blindness from neglected

iritis or retinitis, by obstinate ulcerating eruptions, or by exhausting

bone pains.

On the other hand, if well treated, the majority of cases develop

few and comparatively slight symptoms during the secondary stage,

and (provided mercurial treatment has been continued for one or

two years) it seems probable that about 90 per cent, escape any
tertiary manifestations. And even if little or no treatment b«
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adopted, many cases of syphilis are very mild during the secondary
stage, and this fact partly accounts for the difficulty with which a
history of the symptoms of this stage is obtained in patients pre-

senting undoubted tertiary lesions. A slight rash on the trunk, and
a few superficial sores on the throat may be the only symptoms, and
needless to say, they may be readily overlooked or forgotten by the

patient.

Treatment of secondary syphilis.—As soon as a positive

diagnosis of syphilis can be made, the patient should be given mercury,

and if possible he should continue to take it for at least a year, better

for two years. Fairly often, the induration of the chancre may be so

conclusive, and the bullety enlargement of the inguinal glands so

typical, that we have no doubt whatever that constitutional syphilis

will follow. In such cases

—

and in such only—a mercurial course

should be begun at once, with the view of preventing any secondary

symptoms. If the diagnosis is doubtful, it is far better to wait a

few weeks until the earliest secondary lesions manifest themselves,

treating the chancre locally with iodoform or black wash, etc., and
explaining to the patient that it is necessary for him to remain
under supervision until two to three months have elapsed from the

elate of exposure to risk. To submit a case to one or two years'

mercurial course for what was only a simple ulcer or soft sore is

neither scientific nor justifiable treatment. The earliest secondary

symptoms—roseola, slight sore throat, general gland enlargement,

etc.—will probably appear within eight or nine weeks if the case be

one of syphilis ; and if the mercurial treatment is then begun, they
quickly yield.

What is a "proper mercurial course ? In acquired syphilis it is

advisable that the patient should continue to take the drug for at

least a year ; better for eighteen months or two years, with short

intermissions. There is no necessity to cause any salivation, or even
sponginess of the gums, although some cases of severe secondaries

seem to improve most rapidly when the gums are slightly affected.

Of the many preparations, one should be chosen which is least

irritating to the individual patient, and certainly one of the best is

grey powder (mercury and chalk) in doses of one grain three or four

times daily. Some patients can take two-grain doses for long with-

out inconvenience, but in many six or eight grains daily will either

purge or produce salivation within a week or two. It is customary
to combine a little Dover's powder (or pure opium if there be a

tendency to diarrhoea) with the grey powder. The pill form is the

most convenient, but some object to this, and the liquor hydrargyri

perchloridi (in 1 drachm doses) is a good alternative. Blue pill, the

tannate of mercury, the green iodide, and calomel may be mentioned
as in favour with different surgeons ; but the first two preparations

(Hyd. cum creta and Liquor hydrargyri) are the safest, provided the
appropriate dose is determined for the individual case. The gums
should be brushed night and morning, and, if necessary, an astringent

mouth-wash may be ordered; the diet should be plain, and all
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articles of food prone to cause diarrhoea carefully avoided. Stimulants
should be taken very sparingly, if at all, for there is no question that

the free use of alcohol directly interferes with the action of mercury.

Smoking must be forbidden if there are any sores on the throat,

tongue, or lips. Should such ulcers develop, they should be painted

once a day with chromic acid solution (10 to 20 grains to the ounce),

or a similar solution of nitrate of silver. Gargles containing

bichloride of mercury (|- to \ grain to the ounce), chlorate of potash

(10 grains to the ounce), or alum, may be useful in different con-

ditions of the throat during the secondary stage. If the eruption be

copious, or accompanied by infiltration of the skin, an ointment of

the oleate of mercury (5 per cent.) should be rubbed in, avoiding

its use over hairy parts or where the skin is delicate, as it may there

cause pustules.

Condylomata, wherever situated, are as a rule easily cured by
cleanliness and the use of a powder of calomel one part, oxide of

zinc three parts. Before applying this the surface of the condyloma
must be thoroughly dried, and it is advisable to keep some absorbent

wool between the adjacent skin folds, since moisture is an essential

to the persistence and extension of this form of secondary eruption.

Ulcers or fissures on the skin may be treated locally with an
ointment containing one drachm of calomel or red oxide of mercury
to the ounce, though not infrequently it will be found better to avoid

any greasy application, and to use either weak calomel powder,

iodoform, or iodol (protecting the sores from irritation by absorbent

wool and a light bandage). It is needless to say that the internal

administration of mercury should be carried out in every case of

condylomata, etc., as well as the local treatment.
The hypodermic and inunction methods of treat-

ment.—Especially on the Continent these are largely resorted to in

preference to giving mercury by the mouth, for not very obvious

reasons. At Aix-la-Chapelle, which is much visited by syphilitic

patients, the chief treatment consists in systematic inunction of mer-

curial ointment by experienced rubbers, combined with warm baths,

and, in many cases, the administration of iodide of potassium. This

plan can equally well be carried out by the patient at home if he will

take the trouble. Half to one drachm or more of the ointment (B.P.)

should be rubbed daily into parts of the skin surface which will

readily absorb it

—

e.g. the inner sides of arms or thighs, the abdomen.

It is advisable to change the site of inunction frequently, for fear

of causing dermatitis, and to avoid the hairy parts. A few days'

vigorous inunction will render the gums spongy, proving the efficacy

of the treatment ; but it is a dirty and tiresome method, which often

depresses the patient extremely.

All kinds of mercurial preparations have been advocated for

hypodermic injection. One of the best is a simple solution of the

bichloride in distilled water. From one-tenth up to one-fourth of a

grain of the bichloride, dissolved in thirty minims to a drachm of

water, may be injected at intervals of a few days deeply into the
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buttock or back, taking the utmost care as to the aseptic condition

of the hypodermic syringe (a separate one should be used for each
patient). It is much more difficult to graduate the dose successfully

by this method than by oral administration, and sometimes very severe

stomatitis and diarrhoea are set up by it. In fact, many deaths have
been recorded directly due to the hypodermic administration of mer-
cury for syphilis. Nor is there the slightest reason for thinking that,

as a rule, either inunction or the subcutaneous method has any advan-

tages over the ordinary plan followed in England and Prance. We
do not give iodide of potassium for tertiary syphilis, or quinine for

ague, by means of the hypodermic syringe or inunction, and why
should either method be adopted in treating secondary syphilis by
mercury 1

In certain exceptional cases they may, however, be useful, and
especially is this true with regard to inunction in the treatment

of infants with congenital syphilis.

The question of marriage and secondary syphilis.—During
or at the end of a course of treatment the surgeon is often asked how
soon it is safe for the patient to marry. It is generally admitted that,

even supposing a careful and prolonged mercurial course is carried out,

it is advisable to wait for two years at least after any symptoms have
appeared. If this rule be followed, there is but little risk to either

wife or offspring ; but with regard to the latter it must be admitted

that no absolute guarantee can be given. Very much will depend on
whether the treatment has been thoroughly persevered with for one
or two years, and whether the symptoms have been slight, or have
been severe and have resisted treatment.

So long as mucous patches exist on the lips, tongue, or throat, the

patient should be warned as to the danger of conveying infection

from them by kissing, or by the accidental transference through
drinking utensils, etc. How syphilis may be conveyed in this

manner is well illustrated by the following cases under my notice :

—

A glass-blower contracted a chancre of the lip from using the metal

blowing-tube handed on to him by a fellow workman who was suffer-

ing from mucous patches of the mouth. Subsequently, the second

patient infected his wife and child by kissing, both of them developing

chancres of the lips.

Is syphilis curable by mercury ?—To the patient the chief

danger of syphilis lies in the tertiary stage, and it is, therefore, of the

utmost importance to decide whether prolonged mercurial treatment

will prevent the occurrence of any tertiary symptoms. According to

some, who take a pessimistic view, syphilis is never really cured
;

according to others, out of a hundred cases of secondary syphilis

treated early and for a long period (one to two years) not more than

five or ten will ever have any further trouble from the disease. The
latter view, if perhaps rather too favourable, seems to be the more
correct, provided that the patient commences treatment early, and
can tolei'ate mercury well. It is well known that under these con-

ditions, and even occasionally when little or no treatment has been
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pursued, a man may have two distinct attacks of primary and
secondary syphilis. As a rule, several years must elapse before a

patient who has had syphilis can contract the disease again.

THE INTERMEDIATE STAGE OF SYPHILIS.

After all the symmetrical lesions of the secondary stage have
disappeared, we see not infrequently " reminders," which take the

form of peeling patches on the palms and soles of the feet, of

chronic orchitis, of superficial leucomata or ulcers of the tongue

or throat, and occasionally of lesions of the nervous system or eye.

These are sometimes referred to as forming the intermediate stage,

but it is very hard to separate them from the tertiary one, and im-

possible to give a time-limit for their occurrence. It must be clearly

understood that the division of syphilis into stages, though very
convenient, is an arbitrary one. In some severe cases there is no
break between the stages, and characteristic tertiary symptoms may
develop within a year or two of contagion. (For Treatment, see

page 419.)

TERTIARY SYPHILIS.

Phenomena of tertiary syphilis.— The tertiary stage is

escaped by a large proportion of syphilitic patients, especially those

who have been thoroughly treated with mercury. In those who
develop tertiary symptoms, they may supervene at any time from
one or two years after contagion to thirty years or more. Apart
from their late occurrence, their characteristics are :

—

1. Aggressive tendency : tertiary lesions will probably spread

and certainly persist for very long unless treated.

2. Resolution under treatment with iodides, if commenced early.

3. Asymmetry. This, however, is not always the case, and in

inherited syphilis some very remarkable exceptions are met with.

4. In the majority of cases, the tertiary symptoms depend upon
the production of so-called gummata, which we will now briefly

study.

A syphilitic gisisiizia commences as a collection of round cells

grouped in especial profusion around the vessels of the structure in

which it is placed. This is usually connective tissue, e.g. of skin

or periosteum, or in some viscera such as the liver, testis, or brain.

But in the latter cases it begins probably in the fibrous capsule

or supporting tissue of the organ, and spreads to the adjoining

parts ; thus in the brain, gummata especially affect the dura and
pia mater at first, adhering to and infiltrating the subjacent nervous

structures. By the pressure of the cells upon the blood-vessels and
against each other (often by a concurrent inflammation of the true

vessel-wall), their nutrition is damaged and they undergo fatty or

granular degeneration. This will be most marked in the centre of the

cellular exudation, whereas towards the periphery organisation into

fibrous tissue is the rule. Thus is produced a tough yellowish mass, firm

and leathery on section, with few or no patent blood-vessels except
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at the margin, and capable of persisting indefinitely in this condition.

If, however, a gumma is situated close to a cutaneous or mucous surface,

where it is exposed to injury and to the access of micro-organisms,

it will probably (unless treated) undergo softening or suppuration.

The overlying skin or mucous membrane which adheres to the

gumma becomes congested and inflamed, breaks at one or more
points, and a yellowish-white slough is exposed. Unlike the con-

tents of an ordinary abscess, the gummatous centre is only gradually

eliminated, and the sodden wash-leather-like mass adherent to the

surrounding tissues, and sometimes deeply undermining the surface,

may be weeks or months before it wholly comes away. Subsequent
granulation and cicatrisation lead often to puckering of the surface,

and in the liver (where gummata are very frequent) deep scars in

the capsule may clearly point to their previous existence and com-
plete absorption. In the deep viscera

—

i.e. heart, liver, spleen, etc.

—it is rare for a gumma to break down or to form anything resem-

bling an abscess. Microscopically, the cells of a gumma are often

hardly to be recognised individually towards the centre, as they

stain very imperfectly ; towards the margin they become more dis-

tinct, and the process of organisation into a low form of connective

tissue may be seen ; a few giant-cells may occasionally be observed.

Apart from the formation of gummata, tertiary syphilis often

leads to sclerosis of some part of an oi'gan. Of this nature is loco-

motor ataxia (where the posterior columns of the spinal cord and
the sensory nerves are affected), fibrous degeneration of the liver or

testis, sclerosis of the tongue or rectal wall. It may cause thicken-

ing of arteries closely allied to atheroma, which is of especial im-

portance if it involves the cerebral vessels ; more rarely it affects

the veins. Syphilitic arteritis may predispose to aneurysm, though
its effect in this direction has been exaggerated by some writers.

Sometimes the tertiary lesions are of the most diverse nature,

and affect many different organs at the same time; but in other

cases one system is chiefly or alone involved. Thus one patient

will present tertiary disease of various long and flat bones ; in

another the skin and subcutaneous tissues are extensively diseased

;

in a third the viscera and lymphatic glands, etc.

Severe secondaries predispose to severe tertiary symptoms, though

this is not an invariable rule. Inefficient mercurial treatment, priva-

tions, and probably alcoholic abuse may be fairly given as causes of

the development of tertiary lesions in a syphilitic patient ; and chronic

irritation and traumatism seem to have a decided effect upon their

localisation. We have already expressed a strong belief that care-

ful and prolonged treatment during the first two years after

syphilitic infection is of great importance in preventing the onset

of tertiary symptoms ; but at the same time, it must be admitted

that in some cases it fails entirely. We will consider now the

individual lesions of tertiary syphilis, roughly grouping them in

the order of their frequency and importance.

1. Tertiary syphilitic disease of the bones. — The most
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typical form is the sclerosing osteitis, or chronic inflammation of

bone, periosteum (and perhaps the medulla), leading to the formation
of dense new osseous deposit. This may be formed along the whole
length of a bone, or may occur as a more localised swelling, then
termed a node. With the thickening of the bone on its outer aspect

goes a corresponding diminution of the medullary cavity, which may
become entirely obliterated. This syphilitic osteo-sclerosis is, as a

rule, markedly painful in its early stage, and the pain (of an aching

or boring character)

may persist for many
weeks or months. It

is usually worse at

night, when the
patient has nothing

else to distract his

mind, and when the

vascular dilatation is

perhaps at its greatest.

But to suppose that

the nocturnal cha-

racter of a bone-pain

is proof of its syphili-

tic origin is absurd,

for nearly all forms

of persistent pain are

worse at night. That
of syphilitic osteitis

is remarkably amen-
able in most cases to

iodide of potassium,

though occasionally it

is so severe as to

call for the additional

use of opium, etc. In
exceptional cases, where the suffering is very great and unrelieved

by iodides, mercury or other internal remedies, an incision through

the periosteum or trephining the bone itself may be required.

A second form of tertiary bone-disease is the gummatous,
affecting either the periosteum or the medulla. If periosteal, it will

probably soften and break down unless treated, and often produces

rounded or oval excavations in the underlying bone. On the skull

these smooth-edged circular depressions are remarkably characteristic

of syphilis (Fig. 84). If central (starting in the medulla) it may lead

to considerable expansion, and perhaps to spontaneous fracture. If

in the neighbourhood of a joint the node, whether gummatous or

ossifying, may set up synovitis, and is extremely apt to be mistaken

for a sarcoma (Fig. 82).

Yet another form of syphilitic osteitis is that causing necrosis

of greater or less extent, the process being usually a very slow one.

Fig. 82.—Section through Femur with Gummatous Node.
a, Raisrd reiosteura; 6, new fibrous deposit; c, edf--e of new

bone; d, cavity containing ihick fluid; e, gummatous infiltration
of the cancellous tissue.



TERTIARY SYPHILIS. 409

It is especially met with in the palate and nasal bones and those of
the cranial vault.

The bones affected—These various forms— (1) osteo-
sclerosis

) (2) nodes, either gummatous or ossifying, or mixed
;

Fig. 83.—CaTvaritim from a Case of Tertiary Syphilis, with very extensive Caries, formation
of rough Eidges of Bone, and at one point Perforation of both Tables.

(3) central gummata ; and (4) osteitis, with necrosis or caries—may
be met with in the same patient, affecting different bones. Those

most frequently involved in acquired syphilis are :

—

(a) The nasal bones and the septum, leading to falling in of the

bridge, perforation of the septum, and (whilst necrosis is going on)

to most offensive ozsena.

(6) The hard palate, causing perforation and communication
between the nose and mouth. This is to be remedied by the use of

an obturator, a plastic operation being rarely suitable.

(c) The frontal and parietal bones, much more rarely the

occipital (Fig. 83). Bony nodes on the frontal, gummatous erosions
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and pits, necrosis of the outer table, and occasionally of the whole
thickness of the calvarium are the chief forms met with. When
necrosis is present, there is grave risk of meningitis or cerebral abscess

supervening, and as soon as the sequestrum becomes loose it should

be removed, for fear of its keeping in the pus (Fig. 84).

(d) The clavicles, femora, tibiae, and the bones of the fore-arm.

Nodes at the joint-ends or elsewhere along the shaft, sclerosis of the

greater part of one of these loug bones, less commonly central

gunimata, are met with in the case of each of them.

(e) The sternum. Softening periosteal nodes, usually situated

on the anterior surface, form the chief syphilitic lesion of this bone.

We may note with regard to these and other bones that syphilitic

Fig. 84.—Upper Surface of the Frontal Bone of an Adult, showing a rounded, smooth
faced depression, the floor of which was formed hy the inner table.

a, This had been produced by a pericranial gumma, and there had been no necrosis or suppuration.
A second similar excavation, 6, contained a small sequestrum, c, and the suppuration round this
had led to perforation of the skull and fatal meningitis.

nodes are often situated at and involve the attachment of important

muscles to the bone ; thus the insertion of the masseter muscle to

the lower jaw, the origin of the pectoralis major from clavicle,

sternum, and ribs, the sterno-mastoid from the clavicle, the gastro-

cnemius from the femur, are all rather favourite sites for such nodes

or gummata. The frequent strain of these muscles on the periosteum

has very probably something to do with this fact.

Few, if any, of the long bones can be said to be exempt from
syphilitic lesions. One interesting, but rare form of disease of the

phalanges of fingers or toes, has been termed syphilitic dactylitis.

In this there is usually gummatous deposit round the phalanx
(especially those of the first row) in connection with the periosteum,

and there may be central or medullary disease as well. The finger

or toe becomes greatly swollen, the skin congested and ultimately
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Fig. 86.—Hands of a Child, showing Dwarfing of
the left middle Finger, the result of former
Syphilitic Dactylitis.

The first phalanx had especially heen affected, and it
will be noticed that the finger is decidedly shorter
than the index one.

gives way, broken down gummatous material being discharged
(perhaps mixed with fragments of bone), until eventually cicatrisa-

tion takes place. Syphilitic dactylitis may be due to either the
acquired or the inherited disease. The accompanying figure (Fi°\ 85)
is taken from a case of the latter, and shows the dwarfing of the
affected finger, due to absorption of much of the phalanx. It is of
special interest from tubercle

giving rise to a closel}'

similar lesion in children,

tubercular dactylitis being

much more frequent than

syphilitic. Curiously, ter-

tiary syphilis has little

tendency to attack the verte-

brae and short bones of

tarsus and carpus—favourite

sites for tubercular disease.

Syphilitic disease of the spinal

cord, its dural sheath or its

blood-vessels, is well known
and quite frequent compared
with the same affection of the bones forming the spinal canal ; the

exact reverse holds true of tubercle.

2. Tertiary syphilitic diseases of the skin and sub-
cutaneous tissues.—This important group includes the very

common cases of (1) gummatous and (2) serpiginous ulceration (the

so-called syphilitic lupus), and a few cases of rupia and ecthyma.

With the exception of the last, to which we need not further allude,

the skin lesions of the tertiary stage are characterised by their

destructive and spreading tendencies, their multiplicity and asym-
metry, and their amenability to treatment by iodides, etc.

1. Gufininalous ulcers.—The stages leading to the breaking

down of a subcutaneous gumma, and the formation of an ulcer over

it, have been already described. (See page 406.) It must be noted that

in some cases when the patient comes under treatment the yellowish

-

white slough has disappeared ; in others there may be marked
infiltration of the surrounding tissues, with but little slough at any
stage. The ulcers may be met with on any part of the body, but
most commonly on the legs, or on some part of the trunk where
there is much subcutaneous tissue, such as the region of the loins, or

over the sacrum. The buttocks and external genitals are other

not infrequent sites.

The following characters of these ulcers are of importance in the

diagnosis :—(1) History of a swelling or lump preceding the forma-

tion of the ulcer; (2) borders of ulcer sharply cut ("punched-out")

and not much undermined
; (3) edge rounded in outline, often

infiltrated, hard, and congested
; (4) base covered with whitish

slough, secretion thick (unlike the discharge from a tubercular ulcer,

which is thin and watery)
; (5) the ulcer yields (if not too long



412 SYPHILIS.

neglected) to local and general anti-syphilitic treatment, and if once
soundly healed shows little tendency to recur

; (6) the resulting scar
is usually thin and supple (like tissue-paper), white in the centre,
with often a pigmented margin. The amount of pigment which
remains will vary according to the length of time the ulcer persists,

and its situation. All scars, whether syphilitic or not, are most
pigmented on the lower extremities, owing to the venous congestion
of those parts.

Tertiary ulcers of the legs are sometimes exceedingly difficult to

Fig. 86.—Front of Knees, showing multiple scars due to relapsing gummatous ulcers.

diagnose from ordinary inflammatory ones, and there is a form of

scrofulous ulcer (known as Bazin's disease) which has most of the

characters above given. In fact, there is absolutely no conclusive

feature about a syphilitic ulcer. The " gummatous slough " of

connective tissue may be exactly imitated in some traumatic ulcers,

or in carbuncular ones. A carbuncle is, however, almost invariably

very painful before the skin gives way, whilst a gumma causes but

little pain as a rule, and the former is much more acute in its

progress.

The ordinary chronic ulcer met with in subjects with varicose

veins, and liable to long periods of standing at their work, occurs

chiefly in the lower third of the leg ; syphilitic ulcers may occur in

the upper third, or over the calf. Gummatous ulcers are peculiarly

apt to occur about the knee-joint (especially in women), sometimes

over other joints, such as the elbow. These peri-synovial gummata
may cause lumpy thickening of the joint-capsule, and even synovial



TERTIARY SYPHILIS. 413

effusion. They are decidedly prone to relapse. Fig. 86 shows the

scarring due to this cause in a woman with tertiary syphilis,

who had no other gumniata, but who had more than one relapse

of the disease round her right knee-joint, causing considerable

limitation of movement with some synovitis.

Complications of syphilitic ulcers.—If a tertiary syphilitic uicer

takes on rapid destructive action, with foul sanious discharge, and
angry-looking edges, the term phagedena is applied to it. Should

such an ulcer be situated near a blood-vessel, there is serious risk

fi'om haemorrhage. Phagedenic tertiary ulcers are chiefly met with

in patients who are debilitated by the severity of their syphilis or by
injudicious treatment, or by alcoholism, bad feeding, etc. They may,
however, occasionally occur without any such possible explanation.

Tonics, such as good doses of quinine, and nutritious diet, should be

employed as well as the iodides or mercury ; and the vigorous use of

antiseptic fomentations or baths will probably check the destructive

tendency. In some situations

—

e.g. the buttock or vulva—immersion
for long periods in weak antiseptic baths may be required. Iodo-

form has a considerable power in checking phagedena, and opium
given internally is praised by some writers. Cauterisation (with the

acid nitrate of mercury) of the base and edges is reserved for those

cases which resist the milder measures given above, and will be very

rarely required.

Sujjervention of epithelioma. —This is only to be feared in those

?
**>i>%

Pig. 87.—Serpiginous Tertiary Syphilide (Syphilitic

Lupus) of the Arm.

The centre of the patch has cicatrise!, whilst the edge is

cohered with scab.

cases of tertiary ulcers of the skin which
:? have lasted long—many months or years

—and is decidedly rare. In the case

of the mucous membrane of the mouth

and tongue, however, tertiary syphilitic

lesions show a much greater tendency to pass into epithelioma

—

a most important pathological and clinical fact.

2. Serpiginous tertiary sypliilides and syphilitic lu-

pus.—One very characteristic lesion takes the form of a raised

infiltration of the skin, generally of a brownish-red colour, occurring

as isolated nodules, which tend to form pustules or to scab over their
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centre. These nodules often coalesce later, and a spreading line of

infiltration is produced, which has a crescentic, annular, or horse-

shoe shape. Cicatrisation may occur spontaneously or under treat-

ment at one part, whilst the disease spreads at its margins (hence

the term serpiginous or creeping) (Fig. 87). Small characteristic

gummata may be present at the same time, but generally these are

absent, and the resemblance to common lupus is very close. The
margin of the nasal aperture, the lips, and forehead, are particularly

prone to be affected with the syphilitic form, and sometimes the

arrangement is exactly like that of erythematous lupus, i.e. the

patches involve the nose and each cheek. But no part of the body
is exempt, and the back of the trunk, the buttocks, and the genital

regions are very often affected.

The following chief points in diagnosis between common lupus

and its syphilitic imitation may be enumerated :

—

Age of first occur
rence.

Region affected

Multiplicity

Form and colour, etc.

Progress

Scars left

Other symptoms, his

tory, etc.

Lupus Vulgaris.

Usually in childhood or under
twenty years. (Many ex-

ceptions to this.

)

Especially the cheeks and nose

—those parts most exposed
to the air.

Generally occurs in one or two
patches with, perhaps,

satellites around them.
The lupus patch consists of a

number of small nodules,

pink and often semi-trans-

lucent in colour (like apple-

jelly).

Very slowly destructive ; only

heals as a rule after vigor-

ous local treatment, and
tends to relapse very often.

Perhaps thick, tight, and con-

gested; liable to ulcerate

afresh.

Often history of phthisis in

family.

Syphilitic Lupus.

Adult life (in the case of

acquired syphilis only).

May occur on any part of

the body, but often

affects the parts men-
tioned.

More tendency to be
multiple and widely
scattered.

More extensive infiltration,

often of crescentic out-

line, and brownish-red
or coppery in hue.

Extends much more rapidly,

but may heal spon-

taneously in parts ; and
when once cured does

not readily relapse.

Supple, thin, and white.

Other signs of syphilis,

and probably history of

secondaries can be ob-

tained.

It must be admitted that in some cases the local signs are quite

insufficient, and that the effect of treatment must be tried to complete

the diagnosis. A few weeks' administration of combined mercury
and iodides with the use of iodoform or oleate of mercury ointment

locally, will usually cause syphilitic lupus to heal entirely ; but now
and then it is necessary to cauterise the patches, whilst in some
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inveterate cases all treatment fails. The serpiginous character may-

be extremely marked. Thus, I have known a ring of syphilitic

infiltration steadily spread up from the foot to the groin, leaving

behind it an extremely thin scar, or hardly altered skin.

Multiple subcutaneous gummata.—Occasionally we meet
with very numerous subcutaneous gummata, in their early stage

firm and resembling fibromata or the " rheumatic nodules " ; later

softening, and suggesting chronic pysemic abscesses. They may also

be very hard to distinguish from small lipomata or fibro-lipomata,

except by the history of their short duration.

3. Tertiary syphilis of the mucous membranes.—It is

a remarkable fact that whilst the mucous membrane and submucous
tissue of the mouth, pharynx, tongue, and rectum are very commonly
involved, the intervening stomach and intestinal tract are hardly ever

affected by tertiary syphilis. The same immunity extends to the

bladder, and perhaps the urethra in both sexes. The larynx is often

the seat of gummatous or other tertiary disease ; the trachea and
bronchi only very rarely.

1. The lips and buccal mucous membrane.—Here
we meet with either gummatous ulcers or, more commonly, very

chronic white patches, often accompanied by superficial fissures

or scars. The former, if they involve the lower lip, may require

most careful diagnosis from epithelioma. The latter are chiefly

to be mistaken for the white patches produced by constant

smoking, combined, perhaps, with the abuse of spirits. Here,

as in the case of the tongue and throat, it often happens that

tobacco, alcohol and syphilis have combined to produce the result.

The white patches referred to (the so-called leukoplakia) consist

essentially in thickening of the epithelium (which is sometimes
almost warty), with small-celled infiltration and subsequent fibrous

sclerosis of the sub-epithelial layer. They occur in the secondary,

as well as the tertiary, periods, and are extremely persistent. Side

by side with the white patches there may be bald areas, in which
the epithelium is very thin ; and hence the readiness with which
fissures or ulcers occur. There is a grave risk of epithelioma super-

vening, especially in the condition of general leukoplakia of the

tongue (wrongly termed ichthyosis lingua?), in which the whole of

the dorsum looks as though coated with layers of white paint. This

condition, whether due mainly to syphilis or not, nearly always

ends in cancer.

2. Gummata of the tongue, palate, and pharyngeal
wall.—The ulcers produced, and the subsequent scarring, may
cause deep puckering of the tongue, loss of the soft palate, adhesions

of the latter to the pharynx, so as almost entirely to shut off

the nose from the throat, and much narrowing of the pharyngeal

aperture. Fibrous stenosis or stricture from syphilis is not often met
with lower than the cricoid cartilage, though undoubtedly a few cases

of oesophageal stricture are due to this cause. Gummata of the tongue
are chiefly met with on the dorsum, whilst epithelioma and secondary
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ulcers are perhaps most common along the margins. For other points

in the diagnosis we must refer to the Article On the Tongue
(Art. XLV. Vol. II.). Sometimes syphilitic disease of the palate

resembles ordinary lupus, but, as a rule, the destruction is much
greater, and anything like a gumma does not occur in true lupus.

Gummata at the back of the pharynx may have their origin in

the deep tissues immediately in front of the vertebrae, and, as they

soften and bulge forwards the mucous membrane, may readily be

mistaken for post-pharyngeal abscess. It is most important to

diagnose them correctly, as treatment with iodides will probably effect

their complete absorption, without having recourse to the scalpel.

3. Tertiary syphilis of the larynx.—Although attacked

less than half as often as the pharynx, the larynx is not infrequently

the seat of tertiary syphilitic disease, manifested in the following

chief forms :

—

(1) Patches of hyperplasic infiltration, occurring mainly in the

epiglottis and the aryteno-epiglottidean folds, usually going on to

ulceration.

(2) Gummata in the same positions, breaking down early, unless

absorbed by treatment, but sometimes attaining the size of a pigeon's

egg before they ulcerate.

(3) Perichondritis, which affects the epiglottis, the arytenoid

cartilages, or even the cricoid and thyroid. It is a most dangerous
form, as it is apt to cause necrosis of part or the whole affected

cartilage, which may then cause death by becoming impacted in the

rima glottidis.

(4) Stenosis or stricture of the laryngeal aperture may follow

either of the preceding lesions, and may necessitate laryngotomy or

tracheotomy.

(5) Paralysis of one or more laryngeal muscles occasionally results

from tertiary syphilitic disease of the nerves, or the muscles them-
selves. It is, compared with the preceding affections, very rare.

The importance of the correct diagnosis of these affections cannot
be exaggerated, since early treatment may not only ward off the risk

of death from acute oedema glottidis (a danger which constantly

threatens the subjects of ulcerative laryngitis), bub may prevent the

voice from being permanently damaged. The chief points in distin-

guishing them from tubercular and epitheliomatous lesions are :

—

(a) The proneness of the epiglottis and arytenoid folds to be

involved, and for comparatively rapid and deep ulceration to occur

(in tubercular laryngitis the ulcers are generally superficial and
numerous, and often affect the vocal cords, the surrounding mucous
membrane being pale and thickened).

(6) The absence of nodules of growth round the ulcer, as in

epithelioma, which, moreover, often starts on the back of the

arytenoid cartilage, and hence causes early dysphagia and pain.

(c) The patient attacked with tertiary laryngitis is often in the

prime of life, and shows no sign of disease of the lungs, which so

very frequently accompanies, and often precedes, tubercular laryngitis.
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It must be noted that these elements in the diagnosis are some-
times deceptive, and that nothing but a careful examination of the

previous history, and the results of anti-syphilitic treatment, may
decide the matter.

Mention has been made of the fact that mucous or erythematous

patches are met with in the larynx during the secondary stage, but
they are of trifling importance compared with the dangers of tertiary

ulcers and gummata. Ulcers and stenosis of the trachea, and
gummata in the lungs and bronchial glands, have been met with

occasionally, but they are extremely rare, in comparison with tuber-

cular disease of the same organs. Gummata of the lungs affect

rather the lower parts—perhaps round the main bronchi—than the

apices. Gummatous disease of the bronchial and mediastinal lym-

phatic glands has more than once caused death by pressure on,

and obliteration of, the superior vena cava, etc.

4. Tertiary disease of the rectum.—The frequency of this

is much disputed, especially with regard to the cases of fibrous

stricture, which, as is well known, is more common in women than

in men ; and in the former the history of syphilis may be very

difficult to obtain, and the result of giving iodides (when once a

tough stricture has been formed) practically nil. Nevertheless,

we believe that tertiary syphilis is the most important cause of

non-malignant stricture of the rectum, and the lesions which may
ultimately produce it are well recognised. In the body of a girl

dying in the Lock Hospital (with no rectal symptoms) I have
seen a huge gumma almost filling the pelvis and completely sur-

rounding the rectum. The result of such a gumma, had the patient

lived, would certainly have been considerable narrowing of the

rectum. More commonly the rectal wall (muscular and submucous
coats) is infiltrated, with more or less ulceration of the mucous coat.

When this infiltration commences outside the anus, and spreads

within it, the term ano-rectal syphiloma is given to the condition,

which may come on during the late secondary or the tertiary stage.

In any case syphilitic stricture of the rectum is practically always
low down, within easy reach of the finger. It is often complicated

with haemorrhoids, sometimes with ischio-rectal abscess and fistulae.

In its treatment, besides the use of " specifics " internally, the

t'requent application of some mercurial ointment, or of iodoform

locally whilst ulceration exists, is of value ; and when fibrous narrow-

ing has occurred, the daily passage of a well-oiled flexible rectal

bougie may obviate the necessity of an operation. Should the latter,

however, be required, linear proctotomy (a thorough division in the

posterior direction

—

i.e. towards the coccyx) is worthy of trial.

Inguinal or lumbar colotomy is the final resort of the surgeon in

very bad cases.

5. Tertiary disease of the external genitals.—In the

male sex the penis and adjoining parts may be attacked with gumma-
tous ulceration, which is especially liable to start in the glans penis,

and to destroy this and the prepuce. In the female, the labia and

o
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even the vagina may suffer severely ; and in both sexes, the tertiary

ulcers may take on phagedenic action. The mistake is readily

made of diagnosing these ulcers as primary venereal sores, though
the presence of a typical gummatous slough may jirevent this

error.

4. Tertiary disease of the nervous system.—Some men-
tion must here be made of some of the most common lesions,

although they form so large and important a chapter in the
history of tertiary syphilis, that the reader must be referred to

works on medicine for their full consideration.

Locomotor ataxia is one of the most frequent diseases of the

nervous system due directly or indirectly to syphilis ; in fact,

according 'to Fournier and others, a history of pi*evious syphilis

can be obtained in from 50 to 70 per cent, of its subjects. Usually
many years elapse between the secondary stage and the onset of

tabes dorsalis, which may develop by various symptoms, such as

lightning pains, inco-ordination of movement in walking, oculo-

motor paralysis, bladder or rectal trouble, Charcot's disease of thr;

joints, etc. Atrophy of the optic nerve may precede the more usual

symptoms of tabes, A steady progress from bad to worse is the

rule, even though there be a clear history of syphilis and careful

mercurial and iodide treatment be carried out; but now and then

very good results follow a prompt resort to these remedies.

Chronic spinal meningitis, myelitis, or gnmmata
pressing on the cord are other lesions due sometimes to syphilitic

disease, and more or less complete paraplegia below the level affected

is usually the result. Recovery, complete and permanent, has been

observed in many cases under thorough anti-syphilitic treatment,

though in most the prognosis must be very guarded.

Within the cranium we have to notice the following :

—

1. Gummata pressing on some part of the brain, starting from
its bony case, or from the meninges (pia or dura mater), and causing

symptoms which vary with the exact site and the amount of cortical

substance pressed upon and infiltrated.

2. Chronic meningitis, perhaps affecting the sheaths of the

cerebral nerves, or occurring in a patch upon the surface of the

brain, most commonly at the base.

3. Disease of the cerebral arteries, leading to their narrowing or

thrombosis, or to aneurysm (sometimes multiple).

4. Neuritis, especially of the optic and ocular nerves (third,

fourth, and sixth), which may be secondary to the lesions men-
tioned under the headings 1 and 2, or may occur independently

of them. Of all the cranial nerves, those passing through the wall

of the cavernous sinus are most often attacked, the seventh and

succeeding nerves the least.

Clinically, tertiary syphilis is frequently responsible for hemi-

plegia, for epilepsy or epileptiform convulsions, for paralysis of

special nerves ; whilst its share in a form of general paralysis and

of insanity is not thoroughly established, but very probable.
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Congenital syphilis undoubtedly leads to a considerable number
of cases of idiocy.

5. Tertiary disease of various viscera.—There is no viscus

which may not be the site of gummatous disease, the liver and
testicle being, perhaps, the most often involved. Space will not

allow here of a due consideration of this very important subject

;

and as regards the testicle, the reader must be referred to the

section on its diseases. In the liver, gummata may attain such a

size as to be perceptible as rounded masses through the abdominal

wall, and may be mistaken for malignant growths, etc.

They very rarely break down, unlike gummata in more super-

ficial structures, and under treatment may be completely absorbed,

leaving large puckered cicatrices in the viscus. Great enlargement

of both liver and spleen is not infrequently met with in tertiary

syphilis, and may be attended with ascites. Gummata in the heart

toall have occasionally led to a fatal issue, and they may occur in

the lungs, simulating tubercular phthisis. Tertiary disease of

lymphatic glands is not very rare, and is singularly apt to lead

to an erroneous diagnosis ; it is of particular importance when affect-

ing the mediastinal region, where by pressure on the large vessels

it may cause grave symptoms.
The pancreas, kidneys, and supra-renal capsules are of all the

solid viscera the least often affected by tertiary syphilis. Lardaceous

or amyloid disease of liver, spleen, kidneys, etc., may be indirectly

due to tertiary syphilis.

The treatment of tertiary syphilis.—The most important
drug in the treatment of the various symptoms due to tertiary

syphilis is unquestionably iodide of potassium. It is most effective

in cases of gummata or gummatous ulceration, least so, perhaps, in

those of arterial disease or of long-standing bone trouble. It must
be given in increasing doses, freely diluted, and it is best tolerated if

combined with carbonate of ammonia (e.g. in the form of aromatic

spirits of ammonia). The most striking differences are met with in

the tolerance of iodides ; some patients suffer from iodism (marked
depression, coryza, pustular eruptions on the skin, etc.), with such

small amounts as ten grains in the day, others can take three, six,

or even twelve drachms daily with bene 6 1. The iodides of sodium
and ammonium may be given with, or to a lai'ge extent instead of,

the potassium salt ; whilst less liable to depress they are apparently

not quite so effective as the latter.

For symptoms of the " intermediate " stage, and for many of

those of the definitely gummatous type, it is advisable to give

mercury as well as the iodide, and this may be done in the form ot

the liquor hydrargyri perchloridi, of mercury and chalk pills, or by
inunction. The green iodide is not to be recommended, as it is

extremely apt to cause diarrhoea, gastric pain, etc. It is best to

persevere with the treatment for some few weeks or even months
after the symptoms have cleared off, and some authorities recommend
that a mercurial course should alternate with or follow the iodide one.
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The patient whilst under treatment should be strictly temperate

in his mode of life, especially as regards alcohol, and whilst under
iodides should clothe warmly and avoid all risk of catching cold.

It is generally advisable to take the drug shortly after a meal.

The local treatment of lesions of the mouth, skin, etc., has been
already indicated. Iodoform, iodol, calomel in powder are all useful;

whilst for the skin ulcers the red oxide of mercury ointment, the

oleate, the yellow oxide or the dilute nitrate of mercury ointment
may be mentioned. As regards the prognosis, very much depends on
the date at which the treatment is begun and the thoroughness with

which it is carried out. Syphilitic disease of the brain, especially

when due to vascular lesions, is perhaps the least hopeful ; but even

here complete and permanent cures are not unknown. Some patients

unfortunately can take neither iodides nor mercury, but these cases

are quite exceptional. Tonics, country or sea-air, and careful dieting

have each their place as adjuvants in the treatment of tertiary

syphilis.

INHERITED SYPHILIS

Phenomena of inherited syphilis.— Syphilis when inherited

from one or other parent by the offspring must be regarded as prac-

tically the same disease as when acquired. It observes the same
stages, many of the symptoms are identical in the two cases, and
the same parts of the body

—

e.g. the long bones, and those of the

cranium, the iris, the skin— are very commonly affected in the course

of inherited as in acquired syphilis. Further, it would seem that

the subjects of the inherited form have a certain amount of im-

munity from contracting syphilis again. But some lesions due to

the former—such as interstitial keratitis—are almost, if not entirely,

confined to inherited or congenital syphilis ; and on the whole, the

tertiary symptoms of the latter are decidedly less amenable to treat-

ment than those of the acquired disease.

The inheritance may be through the father or the mother, or both.

If the mother have suffered severely from syphilis, there will be a

strong tendency to abortion or premature birth, and this tendency

may last through many years. As a rule, it gradually dies out. The
effect of mercurial treatment is most marked in these cases. Often

it happens that a woman contracts syphilis whilst pregnant; if

mercury be promptly and continuously given, the child may go to

full time, and even present no symptoms of syphilis after birth. As
regards the father, it has been already stated that, provided proper

mercurial treatment be carried out for eighteen months or so, it is

fairly safe for a man to marry after two years have elapsed from the

appearance of the last symptom of syphilis ; at the same time, it is

wise to wait considerably longer, if possible.

Colles's law. — A very curious fact is occasionally observed

where the husband has lately had syphilis, and his child clearly in-

herits the disease—namely, that the mother, although presenting

little or no evidence of syphilis herself, may yet suckle her infected
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infant with impunity. Colle«, of Dublin (who, in 1837, first called

attention to this immunity of the mother), wrote :

—

il I have never
seen or heard of a single instance in which a syphilitic infant (although

its mouth be ulcerated) suckled by its own mother had produced
ulceration of her breast ; whereas, very few instances have occurred

where a syphilitic infant had not infected a strange or hired wet-

nurse who had been previously in good health."

The supposed exceptions to " Colles's law " are so few and so

dubious that an absolute rule of practice may be laid down that

a syphilitic infant should be reared at its mother's breast, and
that no danger to the mother is to be feared. The explanation

probably lies in the fact that through the placental circulation

the mother is really infected, it may be, with a very mild type

of syphilis ; for a considerable number of these cases do show
ultimately some symptoms—such as bone-pains or nodes. In those

who remain healthy throughout we can only assume that an immunity
has been conferred without obvious infection. Supposing that there

are strong reasons against the mother suckling her syphilitic infant,

the latter should then be brought up by hand, and on no account

should a wet-nurse be employed. The most disastrous results have
followed the neglect of this precaution, as syphilitic children suffer so

often from stomatitis or mucous patches of the mouth, that contagion

through suckling may occur with the greatest ease.

Syphilitic disease of the placenta is a well-established and frequent

occurrence, and may lead to abortion, to death of the foetus in utero,

or to premature birth. In this way congenital syphilis is responsible

for an enormous mortality, as exemplified by the following statistics :

—

Out of 330 pregnancies (one or both parents showing signs of recent

syphilis) 191, or 58 per cent., resulted in abortion, still-birth, or death

of the child within six months. Examination of these cases generally

reveals extensive disease of the viscera, bones, etc. Diffuse infiltra-

tion of the liver, lungs, or spleen with small cells, and the formation

of lowly organised fibrous tissue, which may go on to produce cirrhosis

of the organ, are the chief lesions met with. In foetuses born dead of

syphilitic parents, the liver and spleen are often enlarged and almost

diffluent. In the long bones the epiphyses may be detached by inflam-

mation about the epiphysial discs, or there may be marked signs of

periostitis in these bones or those of the skull-vault. A bullous

eruption is occasionally present on the skin ; but, as a rule, the latter

is only affected if the child lives, and after an interval of from one to

three months from birth. It seems that some infants escape any
symptoms during the first year, and yet in after-life develop inter-

stitial keratitis or other imdoubted evidence of inherited syphilis,

though in most of these cases probably the early lesions have been

overlooked. At any rate, it is an important rule that the syphilitic

child, during the first few months, nearly always shows signs of the

taint, the most common being the following :

—

1. Eruptions on the sltin.—A roseolar or a papular eruption

(especially on the buttock, genitals, and lower limbs), sometimes an
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ecthymatous or bullous syphilicle.

lichenoid eruption just mentioned-

The syphilitic erythematous and
the most frequent early sign of

congenital syphilis

—especially affects

those parts which

are so commonly the

site of eczema inter-

trigo and of lichen-

v eczema in infants
;^ hence much diffi-

culty in diagnosis.

The more copper-

coloured the spots,

and the more
marked the infiltra-

tion of the skin, the

greater are the
chances of the erup-

tion being due to

syphilis. Large
smooth-topped shiny

papules of a reddish-

brown colour on the

buttocks, scrotum,

etc., are very cha-

racteristic of the

disease. Round the

anus, at the inguinal

folds, round the

mouth, and else-

where, if the papules

are kept moist,

condylomata are

very apt to develop

(Fig. 88). We may
see the mouth com-

pletely encircled by
well-defined condy-

lomata or mucous
patches, and the

healing of these, or

of syphilitic fissures,

may leave a per-

manent witness to

syphilis in the form
of fine scars, which radiate from the mouth across the lips, and
especially from the commissures. A word of warning must be given

against taking these radiating scars in later years as conclusive, for

severe eczema with fissures in unhealthy infants may occasionally

Pii ;. 88.—Condylomata on the Scrotum and around the Anus,
with superficial Ulceration of the Buttock. (From a case
of congenital syphilis, showing the regions very frequently
affected during the first few months after birth.)
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produce a similar appearance. Excoriations or mucous patches

round the anterior nares and the eyes are also very common in con-

genital syphilis (Fig. 89). With regard to the bullous eruption (so-

called pemphigus), it may be taken as a sign of severe constitutional

depression, and although under mercurial treatment these children

not infrequently recover, they more commonly die in a marasmic
condition. Occasionally a child is born with a bullous or other

syphilitic eruption on its skin, but this is rare, and nearly always
the erythema or lichen first develops a few weeks after birth.

Pemphigus in infants is not always syphilitic. It is said, however,

that if it affects the palms and soles it is always so.

Amongst the rarer foi*ms of skin eruption we may note an
ecthyma or large pustular sores, purpura, and tubercular or gum-
matous nodules starting in the subcutaneous layer, involving the

skin, and perhaps ulcerating.

Sometimes with the eruption goes falling of the hair, though this

is, of course, less obvious than in adults, and the whole skin may be
withered, sallow or earthy-coloured, and wrinkled, so that an "old-

man expression " may be produced. It is remai-kable in these cases

to see the effect of judicious mercurial treatment, the infant putting

on fat and the skin becoming of a healthy tint and consistence. At
the same time, it is most important to bear in mind that a syphilitic

infant may be plump and healthy-looking during the first few months
after birth, for this fact partly accounts for the unfortunate cases of

transference of syphilis by vaccination.

2. Affections of the mucous membranes.—These have
a special importance and interest in inherited syphilis. Mucous
patches are common on the lips, tongue, etc., but symmetrical ulcers

on the tonsils are rarely seen, compared with the corresponding stage

of acquired syphilis. On the other hand, a general diffused stomatitis

and inflammation of the nasal mucous membrane (neither of which
is at all frequent in secondary acquired syphilis, apart from the

over-use of mercury, which produces quite a different form of

stomatitis) are often met with. This stomatitis is often considered

to be "thrush" by the mother, and it may have a most injurious

effect upon the developing teeth. The temporary set may fail to

develop, or decay and fall out soon after they are cut, owing to the

injury to their enamel, and those permanent teeth which are nearest

the surface during the first few months—namely, the upper central

incisors and the first molars—may be so affected in their growth as

to show, later, features characteristic of congenital syphilis. These
will be described later (Fig. 91). The rhinitis or muco-purulent in-

flammation of the nasal mucous membrane causes marked obstruc-

tion in breathing and suckling; the infant "snuffles " at every deep

inspiration, and the growth of the nasal bones is seriously interfered

with. If long persisting, the inflammation may lead to necrosis of

the delicate bones forming the nasal walls and to oztena, though these

symptoms are usually met with at a later period. In any case,

whether actual necrosis occurs or not, the nasal bridge fails to
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develop, and one of the commonest signs of congenital syphilis in

later life is a flattened or sunken nose. From a similar cause the

nasal septum fails to develop normally and the palate is consequently

often high and arched (though this condition is by no means con-

clusive of syphilis).

A peculiar form of superficial glossitis must be alluded to here
;

it consists of bald

patches with well-

defined circinate mar-
gins, the area in-

volved changing from

day to day, so that

the term " wandering
rash " is applied to it.

This curious lesion

(it can hardly be

called a disease) was
claimed by M. Parrot

as occurring only in

congenital syphilitic

infants and children,

but this is certainly

untrue, and it may
be doubted
whether it has

any direct con-

nection with

syphilis.

3. Affec-
tions of the
bones.—The
effect of the

syphilitic poi-

son upon the

nutrition of the comparatively soft developing bones of young
children leads to changes in the secondary stage

—

i.e. during the

first two years—which have no parallel in the acquired disease of

adult life.

Craniotabes.—By this term is understood a thinning of the flat

bones of the cranial vault, particularly the parietals and occipital,

which occurs in somewhat circular patches, which may coalesce.

No necrosis ever occurs, but the place of the bone may be wholly

taken by fibrous tissue, and the affection is obviously a defect of

nutrition of the bone, aided by pressure of the child's head as it lies

in bed or on the nurse's arm, since craniotabes is almost confined to

the posterior regions of the skull-vault. It may be detected by the

surgeon pressing his finger over this part whilst holding the head

steady, a characteristic sensation of denting will be felt as the soft

patch is depressed, which is compared to that of a thin tin box.

Fig. -Severe Eruption on the Face of an Infant with Congenital
Syphilis, having an annular or gyrate outline.

Note its occurrence at the angles of the mouth, where there were several
fissures. The individual patches were soft, raised, reddish-brown in
colour, and some were covered with scab.
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Craniotabes is often met with in infants the subject of inherited

syphilis, but not in them alone ; the mal-nutrition associated with
ricketsJs quite as important a factor in its production. (See page 367.)

Periostitis and epiphysitis,—It is particularly at the growing
ends of the long bones that inherited syphilis is prone to cause

inflammatory lesions. The disk of cartilage between the epiphysis

and shaft, and still more the delicate spongy bone immediately above
this, become inflamed, and in a few cases actual suppuration may
ensue. Commonly, the affection is recognised only by thickening

and tenderness about the joint end of the bone involved, though the

epiphysis may become loosened. If, for instance, the upper end of

the humerus be affected, the arm will appear to be powerless, and
the term pseudo-paralysis is applied to this condition; careful

examination will, perhaps, prove that the epiphysis is partiall)T

detached, becoming fixed again under mercurial treatment. If

several long bones are thus affected, the prognosis is undoubtedly
grave, though recovery is the rule. Complete arrest of growth is

very rare. Deposit of new bone around the adjacent part of the

shaft goes with the epiphysitis, and true bony nodes may form away
from the joint ends. In the case of the skull, the new deposit will

be formed at the farthest part of the bone from its central nucleus
;

thus are produced eminences around the anterior fontanelle on the

parietal and frontal bones (the so-called Parrot's nodes).

The chief bones affected are the humerus, tibia, radius, and ulna,

and the flat bones of the skull. The scapulae, ribs, and iliac bones

are rarely involved, the femur not uncommonly. Those of the hand
and foot and the vertebrae seem curiously exempt. It will be noted

that considerable resemblance exists between the bone lesions due to

congenital syphilis and those caused by rickets ; the latter, however,

occur usually at a later period (generally during the second year or

towards the end of the first), and are less truly inflammatory in

their nature (suppuration and caries being never due to rickets

alone). The characteristic beading of the ribs and the night-sweats

of rickets are not seen in congenitally syphilitic children, unless the

two diatheses are combined.

4. Affections of the viscera.—In a large proportion of

syphilitic infants born dead, or dying in the first year or so, the liver,

spleen, and sometimes the lungs, are found to be extensively diseased.

A diffuse infiltration with small cells is the usual lesion present,

though occasionally isolated gummata occur. Both liver and
spleen can often be felt to be enlarged in the living subject, and
here again there is a strong resemblance to rickets. Amyloid
degeneration may be found on post-mortem examination. The
lymphatic glands are more rarely affected, but a careful search may
demonstrate their enlargement.

5. Diseases of the eyes, nervous system, etc.—The most
characteristic inherited syphilitic lesion of the eye

—

interstitial

keratitis—does not develop in infancy, but usually in late childhood

or about puberty. The earliest age at which it has been met with is
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two years, and it is very unusual under five. Iritis, however, may
occur much earlier, even a few months after birth, corresponding to

its onset during the secondai'y period of acquired syphilis. It is

decidedly rare, but its occasional occurrence should be borne in mind,

as most serious results to vision may follow its being overlooked.

Meningitis and disease of the cerebral vessels have been met with
in syphilitic infants, and probably some cases of infantile hemiplegia

are due to the latter cause.

Treatment of congenital syphilis in infants.—As already

stated, it is important, if practicable, that the patient should be

suckled by its mother, and if this cannot be done, the greatest care

should be taken with the artificial feeding. So long as any
symptoms present themselves, mercury should be administered,

either by the mouth or by inunction. One-grain doses of mercury
and chalk thrice daily may be given to an infant a few months
old with less fear of stomatitis and diarrhoea than in the case of an
adult. It is, however, most important to avoid mercurial stomatitis,

since, if this occurs, the enamel of the permanent teeth is liable to

suffer severely, and partly for this reason many authorities recom-

mend that the mercurial course for the infant should be much shorter

than for the adult, and practically limited by the disappearance of

all secondary symptoms. If, however, the infant is thriving well

during the mercurial course, is steadily gaining weight, and presents

no sign of stomatitis, it is probably best to continue the drug for

three to six months after all symptoms have ceased. For anaemic

and wasted syphilitic children it is often necessary to administer cod-

liver oil (which, it may be remembered, is capable of being absorbed

by the skin to a certain extent, and may be thus given in cases

where it causes sickness if taken by the mouth), or to give iron and
the phosphates. Congenital syphilis is so often a disease in which
general mal-nutrition is the most prominent feature, that too much
importance cannot be attached to the feeding and general hygiene of

the child. Some of the subjects of syphilitic marasmus improve
remarkably if pounded raw meat be added to or substituted for

their milk diet.

Mercurial inunction is very useful, either the ung. hydrargyri

(B.P.) or the oleate of mercury being employed. A common method
is to apply the first-mentioned preparation in drachm doses on a

flannel binder worn round the abdomen, the skin of which is washed
daily. The oleate (5 per cent, solution) is more readily absorbed, but

is rather liable to irritate the skin. On the whole, the internal

administration of grey powder is a preferable method to inunction.

The later symptoms of inherited syphilis.—After the first

few months from birth the liability to skin eruptions ceases, with

two or three exceptions. The chief of these is a spreading infiltra-

tion (the so-called syphilitic lupus), which tends to ulcerate and
cicatrise, in many cases causing grave disfigurement. It may occur

in inherited syphilitic subjects at almost any age, and resembles

closely the form already described in dealing with acquired syphilis.
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Gummatous ulcers may also develop on any part of the body and
are especially common. on the legs, in association with osteitis of the

tibia and fibula. Deep ulcers are also met with on the mucous
membranes, e.g. the palate and throat, and are apt to take on
rapidly destructive (phagedenic) action.

With the exceptions mentioned, the subjects of inherited syphilis

will almost certainly remain free from skin trouble after the first

year, and remembrance of this fact may save the practitioner from
error in treating cutaneous eruptions in a child, such as common
psoriasis, where the patient's father admits to having had syphilis.

1. Diseases of the skin.—It is best to consider the syphilitic

lupus and the gummatous ulceration together, for they merge into

each other, although some cases present one or the other distinct lesion.

By far their most common sites are the face (and here particularly the

region of the nose) and the legs, though no part of the body is exempt.

An infiltration into the corium, often in the form of a crescentic

patch, of a brownish or deep red colour, tending to spread at its

margins (serpiginous) and to invade and destroy the deeper structures

—such are the characters of the tubercular or lupoid syphilide.

Ulceration generally occurs and may present ashy or yellowish sloughs,

or be attended with more or less crust-formation. The margin of

the nasal aperture may become narrowed or obliterated, the septum
is often perforated or in great part destroyed, the lips greatly

thickened, etc.

It must be clearly understood that the terms " tubercular " and
" lupoid " imply no real alliance with true lupus or tubercular disease

of the skin, and no dependence upon the tubercle bacilli ; but they

deserve to be retained, since they emphasise the close resemblance

clinically. Only too often is the mistake made in practice, and
irretrievable damage to the patient allowed to occur for wanb of

vigorous anti-syphilitic treatment.

For the diagnostic signs we must refer to the section on acquired

syphilis (page 414), and would emphasise the more rapid destruction

of the syphilitic form. I have indeed seen a case in which a young
man had the face so eaten away by syphilitic lupus (due to the in-

herited disease) that the back of the pharyngeal vault was exposed,

as from the ravages of rodent ulcer, for which it had been mistaken.

Under large doses of iodide of potassium cicatrisation rapidly occurred.

It is all-important to recognise the disease early, and to increase the

dose until healing is secured, whether iodides alone or combined with

mercury are employed. Iodoform, the oleate, or the red oxide of

mercury ointment should be used locally ; and sometimes, if rapid

extension takes place in spite of this treatment, it is necessary to

cauterise with the acid nitrate of mercury.
2. Diseases of the eye.—The chief of these is a very chronic

inflammation of the cornea, interstitial keratitis. As the name
implies, the substance of the cornea rather than its surface is

affected, and it becomes infiltrated with cells, new blood-vessels

running between the lamellae. Sometimes the former predominates,
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producing a " ground glass " opacity ; in other cases, the vascularity

is the chief feature, when the so-called " salmon patch " is produced,

a deep pink colour due to the minute blood-vessels.

Leucoma, or a white haze, often persists for long after the latter

has disappeared (though traces of the vessels can generally be

detected as fine black lines by direct magnified ophthalmoscopic

examination). Ulcers of the corneal surface, though not unknown,
are an extremely rare complication of interstitial keratitis.

The onset of the disease usually occurs between the ages of six

and nineteen, though it has been met with as early as two and as

late as forty years. Both eyes are commonly affected—often with
an interval between the attacks—and the duration of the attack

varies from a few months to two years. At its height the patient

may be for the time nearly blind ; but almost complete recovery is

the rule, though faint opacities, or a certain amount of myopia (short

sight), are frequent sequelae. During the attack there is always
more or less conjunctival congestion, with a varying amount of

photophobia ; slight increase of eyeball-tension is not uncommon.
Interstitial keratitis is of great importance, not only from the serious

loss of vision which it produces for a long period, but also for the

valuable aid it gives to the surgeon in the diagnosis of inherited

syphilis. Although granular lids may produce vascularity of the

surface of the cornea, and the nebulae left by multiple ulcers may
simulate the remains of the syphilitic affections, yet true interstitial

keratitis is always due to syphilis, and practically always to the

inherited disease.

It should be mentioned that occasionally relapses occur, even
with an interval of many years.

Iritis and choroiditis.—Inflammation of the iris has already been
noted to develop occasionally in infants, but it is more common as

a complication of interstitial keratitis ; and since the latter may
obscure the symptoms and diagnosis of the iritis, it is a wise rule

to keep the pupils dilated by the occasional use of atropine during

the attack of the keratitis. Choroiditis or retino-choroiditis usually

occurs in the form of disseminated pigmentary or atrophic (white)

patches, situated in the periphery, i.e. away from the optic disc and
yellow-spot region. Vision in these cases is but little or not at all

defective, though occasionally the changes simulate those of retinitis

pigmentosa, and may cause narrowing of the visual field, etc.

Should the yellow-spot region or the central part of the retina be

involved, the sight is liable to be markedly impaired.

Optic neuritis with sometimes consecutive atrophy is a rather

rare condition in inherited syphilis, and is probably due, as a rule,

to an intracranial gumma or meningeal inflammation.

3. Diseases ofthe bones.—It has been noted that in infantile

syphilis the long bones are not infrequently inflamed and thickened

towards the joint ends. A similar condition, only more chronic in

its nature, is met with at a later period, often coincident with the

attack of interstitial keratitis. The lower ends of the humerus and
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femur are favourite sites, and in Fig. 90 a spindie-like enlargement
above and below the elbow-joint is seen, due entirely to periostitis

and osteitis of the arm and fore-arm bones. It is not difficult to

mistake this condition for strumous disease of the joint itself, and
there is no doubt that the articulation is occasionally affected with
chronic synovitis in cases of bone disease due to syphilis ; but the

facts that the bone-enlargement extends far from the joint, is accom-

panied by considerable aching pain (usually worse at night), and that

the joint-movements are but
little impaired, should lead to

a right diagnosis apart from
the existence of other signs of

inherited syphilis.

Nodes may form at any
part of the bony shaft, and a.

general osteitis of almost the

whole length is not un-

common in the tibia, fibula,

fore-arm bones, etc. Sclerosis,

or the formation of dense

rings of new osseous deposit,

which encroaches on, and
perhaps obliterates, the medul-
lary canal, as well as greatly

increasing the thickness of

the bone, is the almost in-

variable form of osteitis met
with in late inherited syphilis.

Caries and necrosis are liable

to supervene, possibly as the

result of some added trauma-

tism, or from starvation of

some part of the bone by
obliteration of its blood-

vessels. Here again the

process is an excessively slow one. The denuded sequestrum or

carious patch is hard and pitted, as though " worm-eaten," often

blackened by long exposure. Interference with the surgeon's gouge
or chisel is of use here, in order to hasten the process of elimination.

A very curious and interesting feature is the abnormal growth in

length which occurs when this chronic syphilitic osteitis develops

and exists for some years before, or even after, puberty. The affected

tibia and fibula, for example, become actually longer than the femur,

and remain so throughout life. The change is generally symmetrical.

Further, the inflamed bone has the appearance of being bent or curved

(usually forwards), and sometimes this curving is real as well as

apparent.

Probably from destruction of the epiphysial disk of cartilage, the

bone affected with syphilitic disease may become not longer, but

Pig. 90.—Enlargement of lower half of left

Humerus, Badius, and Ulna from Osteitis
and Periostitis due to inherited Syphilis.
The patient was a young woman aged twenty
years.
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actually shorter, than normal. Fig. 85 shows well the dwarfing of

one finger that has resulted from former osteitis in a child with other

lesions of inherited syphilis.

Spontaneous fracture must also be mentioned as a rare complica-

tion, due to a gumma in the medullary portion which has thinned the

bone, or to weakening of the latter from the surface by necrosis, etc.

The bones chiefly involved (as a rule, symmetrically) are (1) the

tibia (by far the most frequent and one of the most easily examined)

;

(2) the femur, humerus, radius, and ulna
; (3) the clavicle, sternum

;

and (4) the bones of the skull. Besides isolated nodes on the vault,

which are liable to soften and to be followed by limited necrosis, and
the destructive inflammation of the nasal bones

—

i.e. including the

vomer, turbinateds, and ethmoid—we have to notice a general sclero-

sing osteitis of the vault, which is occasionally due to inherited

syphilis, and which, taken with symmetrical thickening of various

long bones, may simulate very closely the mysterious disease known
as osteitis deformans. As in acquired syphilis, it is the frontal

chiefly, to a less extent the parietals, that suffer most of the cranial

vault bones.

The osteitis is, as a rule, not only very chronic, but the cause of

much pain, to be relieved greatly by early resort to iodides and
mercury. Sometimes the former are the more useful ; at others the

combination answers best, and it may be advisable to insist upon rest

in bed and an equable temperature, should the case prove obstinate.

Mercurial inunction (preferably with the oleate) is often useful, and
may be regularly employed over the affected part. If iodides are

relied on, the dose may need to be steadily increased up to very

considerable amounts (say. three to six drachms in the clay). They
should always be given with some spirits of ammonia, and freely diluted.

4. Other symptoms of late inherited syphilis*—One of

the most interesting and most obscure is the deafness which not infre-

quently comes on about the same time as interstitial keratitis. There

is reason to believe that it is due to some lesion of the labyrinth or

internal ear, and it certainly has nothing to do with any obvious

change in the throat or middle ear. It is usually symmetrical,

progressive, and very resistant to treatment, though some cases

gradually improve under anti-syphilitic treatment. Fortunately, it is

comparatively rare.

5. Diseases ofthe joints, glands, and nervous system.—
A peculiar form of synovitis with considerable effusion, almost en-

tirely confined to the knee-joint, and, as a rule, practically painless,

and subsiding after a few weeks or months, is sometimes met with

in inherited syphilis. The affection is not of much importance, as

complete recovery is almost invariable. Synovitis n|ay also develop

as a result of nodes on the joint ends of the long bones ; and occa-

sionally a chronic arthritis, closely resembling strumous disease, and

another form in which the cartilages become eroded, may occur in

this stage.

The lymphatic glands of the neck and elsewhere may undergo
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Fig. 91.—Teeth from a Case of in-
herited Syphilis, showing the
convergence of the upper central
incisors and a deep semilunar
notch in each, of them at their
cutting edge.

Only of late years have

chronic enlargement. Gummata may develop in the testicle, liver,

spleen, or other viscera, including the brain.

It is impossible here to review the various cerebral disorders

that may be due to inherited syphilis. It must suffice to state that
they form a large and important group ; that clinically we meet
with epileptiform convulsions, hemiplegia, paralysis of cranial nerves
(especially the oculo-motor ones), dementia and insanity, which
appear to owe their origin to this

disease. Pathologically, we know that

it may lead to narrowing or throm-

bosis of cerebral vessels, to chronic

meningitis, to gummata of the cortex,

etc. Possibly also locomotor ataxia

may occasionally be due to inherited

syphilis, though the influence of the

acquired taint is of far greater im-

portance in this respect.

The diagnosis of inherited
syphilis.—We have seen how multi-

form are the lesions which may be
produced, and how closely some of

them resemble those caused by rickets,

and still more those due to tuberculosis

many of the symptoms been rescued from the domain of both, and
ascribed to their true origin. To make a correct diagnosis requires,

in many cases, the most thorough examination of the patient's history

and concomitant symptoms. The
greatest help is frequently obtained

from the condition of the incisor

teeth; for a considerable propor-

tion of the subjects of inherited

syphilis have their upper central

incisors notched and narrowed, as

shown in Fig. 91. The cones of

these teeth are directed somewhat
towards the middle line, and their

cutting edge is marked by a semi-

lunar notch. Similar changes, on
a smaller scale, are sometimes
observed in the upper lateral in-

cisors or those of the lower jaw.

They are absolutely conclusive as
proofs of congenital syphilis, but it must be clearly understood that
only the permanent set show these changes, and that, unfortunately,
only in a moderate percentage of cases.

The horizontal wearing away of enamel, which is often due to
mercurial stomatitis in infancy, is shown in Fig. 92, and must
not be confounded with that previously described ; naturally the
same patient may present both syphilitic and mercurial changes

MP * •ill
Fig. 92.—Teeth from a Case in which

severe Mercurial Stomatitis had been
present during Infancy. The enamel
is worn off horizontally, and the
cutting edges are irregular.
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in the same set of teeth. The incisor teeth in the subjects of inherited

syphilis may fall out or require to be extracted early in life. The
first molars are frequently deprived of their enamel and wear down
quickly, as a result both of syphilitic and mercurial stomatitis.

Next to the teeth, the eyes deserve most thorough examination,

which may reveal the remains of interstitial keratitis, or of iritis, or

choroiditis.

The tibiae should always be inspected in a doubtful case, and
nodes may be found on the skull and other bones.

The depressed bridge of the nose, scars about the palate or fauces,

and persistent enlargement of the liver are all suspicious symptoms.

The forehead is not infrequently depressed transversely just above

the eyebrows with a bony projection running across above the groove,

but this change should be very marked for importance to be attached

to it, and the same remark applies to the high narrow arch of the

palate.

As regards the history, that of snuffles and cutaneous eruption,

and of condylomata in infancy may help in the diagnosis, and the

mother's record as to child-bearing is of great importance. Finally,

it should be remembered that syphilis is no respecter of persons, and
that the congenital taint is sometimes overlooked from a mistaken
belief on the surgeon's part that the parents have always been too

virtuous to incur the risk of transmitting the disease. It is often

necessary or advisable to make the diagnosis without asking any
direct questions, and it may be repeated that interstitial keratitis,

notched and narrowed upper central incisors, the peculiar form of

deafness, the painless synovitis of the knees, and some of the bone

lesions already described, are the most trustworthy elements in the

diagnosis, and that most of them can be produced by no other

disease than inherited syphilis.

Treatment of late inherited syphilis.—As regards the treat-

ment, we need only say that it is the same as that for tertiary acquired

syphilis, the dose of mercury or iodide being varied according to the

patient's age, etc. It is often advisable to give tonics at the same
time, and the syrup of iodide of iron is very largely used for this

purpose.

Prognosis Of inherited syphilis.—Can the subject of inherited

syphilis contract the disease on his own account 1 A few clear cases

of this have been met with, but remarkably few. As regards the

question of marriage, there is not the slightest evidence of syphilis

being ever transmitted " to the third generation." Too gloomy a

view of the effects of inherited syphilis should not be gathered from

the account just given. It is undoubtedly responsible for an enor-

mous infantile mortality, but, on the other hand, many of its subjects

grow up to be strong and healthy in every way. In late childhood,

or about puberty, there is the special liability to eye and bone dis-

eases, etc., bub after this period is gone through, no other symptoms
may occur. In many instances, the only evidence lies in a single

symptom, such as the peculiar teeth or the occurrence of keratitis.
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By JONATHAN HUTCHINSON, Jr., F.R.C.S.,
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The gOIlOCOCCUS.—Gonorrhoea may be denned as a specific

inflammation of the urethral and certain other mucous membranes,
dependent upon the inoculation of a micrococcus which has the

following characters:—It is an organism which occurs in pairs,

the adjacent sides of which may be concave ; is about the size

of the ordinary micrococcus of suppuration (or slightly larger)

;

it is cultivated with great difficulty, or not at all, on the ordinary

nutrient media, but grows on human blood serum at a tempera-
ture of 37° Centigrade; stains well with the various aniline dyes,

but is readily decolorised by Gram's iodine method, and is found
within the pus and epithelial cells of the discharge as well as

outside them. These features, and especially the last two, help to

distinguish the gonococcus from the more common micrococci of

suppuration. [See page 29.)

The accompanying figure (Fig. 93) shows the gonococcus, the

streptococci present in epithelial debris from the normal urethra and
found in all cases of inflammation of the urethra, and also cer-

tain micro-organisms which simulate very closely in appearances
and reaction the gonococcus, but which (according to Lustgarten
and others) are fairly common in the healthy urethral epithelium.

It is evident from this that caution is necessary in expressing a

positive opinion on the nature of urethral discharge from the

characters of the organisms found therein.

In the male subject its habitat is the urethra, and especially the

bulbous part and the fossa navicularis; in the female it rarely affects

the urinary canal, but breeds in the vagina and cervix uteri, some-

times travelling up to the Fallopian tubes, and proving a fertile cause

of salpingitis and its complications.

One attack of gonorrhoea, unlike syphilis, confers no sort of

immunity against a second one.

The course Of gonorrhoea.—We may divide the course of

gonorrhoea into—(1) A stage of incubation, usually from three to

five days, but occasionally as long as ten to fourteen
; (2) a stage

of acute inflammation, lasting from a week to a fortnight, or more
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if untreated ; and (3) a stage of gradual subsidence, not infrequently-

passing into what is known as gleet, where a thin whitish discharge

may persist almost indefinitely. It must not be supposed that, if

untreated, gonorrhoea shows a strong tendency to come to an end
in some three weeks or so. I have known many cases in which a

first attack of gonorrhoea in a previously healthy and perfectly tem-

perate man has lasted as a profuse purulent discharge for six months

Pig. 93.—a, Epithelial and Pus Cells with Gonococci, from a Case of acute Gonorrhoea.
b, A large Epithelial Cell with several pairs of Micrococci, closely resembling the Gonococci,

but obtained from a healthy Urethra.
c, Streptococci and Diplococci, from a Case of acute Gonorrhoea.

All these figures magnified 1,000 diam. (After Lustgarten.)

or more. And looking to the many complications which may ensue,

and especially to the danger of a resulting stricture if the gonococcus

gets a firm hold of the urethral wall, it should be regarded as an
enemy to be attacked with vigour from the earliest date at which the

patient comes under care.

1. The incubation stage.—Three to five days generally

intervene between exposure to contagion and the earliest symptom
noticed by the patient—a slight adhesion or stickiness of the lips of

the meatus, accompanied by a tickling, or burning sensation.*

* This duration of the incubation period is remarkably regular in the case of

ophthalmia of the newly-born, in whom the conjunctiva is infected by the maternal
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Those cases which present an unusually long incubation stage—

a

fortnight for instance—are not infrequently examples of a mild
urethritis, in the production of which the gonococcus is probably not
always to blame.

2. The stage of acute inflammation.—The slight sticky

discharge which glues the margins of the meatus together rapidly

becomes thick yellow pus, the glans and prepuce swell, micturition

is more or less painful, heat and pain are felt along the urethra as

the inflammation travels backwards, and an exceedingly common
symptom is pain referred to the groins or perineum. Microscopically

the discharge is found to consist chiefly of pus cells, with a considerable

admixture of epithelial cells, which show by their swollen nuclei,

etc., evidence of their proliferation.* Inflammatory abrasions of the

glans penis are often met with, and are certainly not uncommon
within the meatus. The surrounding corpus spongiosum participates

in the congestion of the urethral mucous membrane, and becomes
swollen and very tender. In a small percentage of cases reten-

tion of urine due to the urethral swelling, or to spasm of the muscle
in its wall, may be present. Should this retention not yield

to a sedative or a warm bath, and relief by instruments be required,

the surgeon should use a good-sized very flexible catheter, after in-

jecting the urethra with a 2 per cent, cocaine solution. Painful

erections at night are not infrequent, and are to be relieved by
bathing the part with cold water ; when the penis is bent down-
wards during the erection by the plastic exudation into the corpus

spongiosum, the term chordee is applied. To avoid these complications

the patient should be put on a spare diet, and should sleep lightly

clothed while bromides of potassium and ammonium (fifteen grains

of each), given in a draught an hour before retiring to bed, are

very useful in preventing erections at night.

3. The stage of decline of the inflammation.—In a fair

proportion of cases, at the end of two to three weeks from contagion,

the discharge tends to become thinner and more white, the painful

symptoms already noticed gradually disappearing ; but it is just at

this stage that another complication—inflammation of the vas

deferens and epididymis—is especially prone to develop." The gono-

cocci have in these cases reached the prostatic openings of the

deferential ducts, and so travelled up their canal, usually lodging iD

the lower part of the epididymis—the globus minor. A further

account of epididymitis and the other complications of gonorrhoea

will be found later.

As the discharge becomes more scanty and thinner, the symptoms*

discharges on the day of hirth. Almost invariably the lids are glued together by
purulent matter on the third or fourth day after delivery.

*The gonococci can be demonstrated in the pus and epithelial cells in the
following manner :—A thin film of the discharge is carefully dried on a cover-glass,

then stained with a freshly-prepared watery solution of methyl violet or blue, and
after again drying, it is mounted in xylol balsam. A magnifying power of 700 to

1,000 diameters with Abbe's condenser is needed for the satisfactory demonstration
of the gonococci.
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of pain and irritation disappear, and too often the patient, on this

account, neglects treatment, thus allowing his gonorrhoea to pass into

a gleet, the duration of which is almost indefinite. The numerous
glands opening into the urethra, especially in the fossa navicularis

and the bulbous portion, are very prone to harbour the germs, and
their secretion contributes to form the flakes and shreds which settle

from the urine on standing and which are a most characteristic

feature of gleet. Naturally, these are most evident when a con-

siderable interval of time has elapsed since the urethra was washed
out by the passage of urine

—

i.e. on rising in the morning. If a

bougie be introduced, the presence of gleet will probably be detected

by the mucus or sticky pus which clings to it on withdrawal. Apart
from the chronic inflammation of the urethral glands, we have to

notice the formation of a " granular patch " in the penile or bulbous

urethra, a frequent complication, or rather a cause of gleet, which
can be guessed at by localised tenderness on the passage of a bougie,

but can only be ascertained for certain by a thorough examination

with the endoscope. By means of the latter instrument, the mucous
membrane at one spot may be seen to be abnormally congested,

granular on its surface, and bleeding readily, whilst the thin

discharge may be observed to be secreted from the patch itself. The
endoscope tube is illuminated with a small electric lamp ; its intro-

duction may be rendered absolutely painless by a preliminary

injection of cocaine solution (2 to 5 per cent.), which is mopped out

by pledgets of cotton wool on holders. It is well to use the largest

endoscope tube that will readily pass, and considerable practice is

required not to mistake the normal congestion of the membranous
portion for a granular or inflamed patch. Some authorities condemn
the use of the endoscope as favouring needless and meddlesome
topical applications, and there is a grave danger in this direction.

Nevertheless, in certain cases of gleet the judicious use of this

instrument renders great service, and may be the only satisfactory

method of effecting a cure. Should, for instance, a well-marked
granular patch be detected, nitrate of silver solution (5, 10, or 20
grains to the ounce), applied to the patch alone at intervals of a
week or fortnight, aided by an astringent injection, may cure a
gleet which has lasted six months or a year, within a month or two.

More brilliant results than this cannot truthfully be claimed, and it

may at once be admitted that some cases of gleet are still the

despair of the surgeon and patient. The latter is not infrequently

prone to allow the persistence of a slight mucous secretion from his

urethra to prey upon his mind, or to get into a morbid habit of

frequently inspecting the lips of the meatus urinarius, or of fancying
" an ulcer " is present, when the only thing required is resolutely to

ignore the condition of his urethral organs. In saying this, there is

not the slightest intention of deprecating careful treatment of every

case of true gleet, for the danger of this leading to a stricture is

notorious. The gonococci seem to establish a home in the epithelial

cells and sometimes in the sub-epithelial tissues; a plastic exudation
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follows their long-continued presence, and the fibrous organisation of

this exudation will inevitably lead to narrowing of the urethral

calibre.

A gleet is very liable to exacerbations under the following

conditions :—Alcoholic excess, sexual intercourse, or even nocturnal

emissions, and the injudicious use of injections. Great differences

exist in these respects, especially as regards the use of alcohol, for

whilst some patients are obliged rigidly to abstain, others find that a

moderate use of stimulants has not the slightest effect upon the

amount of discharge. It is important to forbid sexual intercourse so

long as there is a definite discharge, for a double reason ; but when
the only reminder is the occasional occurrence of scanty flakes in

the urine, it becomes a most difficult problem to decide. Whilst it is

probably best (for fear of contagion) that such a case should abstain,

it is certain that many men in this condition marry and that their

wives do not always suffer on this account.

The treatment Of gonorrhoea.—This consists mainly in giving

internally certain drugs (sandal wood oil, copaiba, cubebs, etc. ), which
are excreted by the kidneys, and have a decided power in checking

the urethral discharge; and in the local use of antiseptic and astringent

injections. Various opinions are held as to the relative value of these

two measures, and whilst it is generally advisable to employ both,

the careful and thorough use of suitable injections is probably the

most important. In treating gonorrhceal ophthalmia we rely entirely

on local measures, and when the same poison attacks the urethral

mucous membrane, they are equally called for. If the case is seen

within a day or two of the onset, the following abortive treatment

may be employed* :—The urethra is rendered insensitive by cocaine

after the patient has first passed his water. The endoscope is then

introduced, and the posterior limit of the inflammation made out so

far as is possible. A solution of ten or twenty grains of nitrate of

silver is then swabbed over the whole of the affected area. The
patient should rest for twenty-four hours, and then use a weak boracic

acid and sulphate of zinc injection for a few days, unless the return of

the discharge should require a second application of the nitrate, or the

use of a stronger injection.

It is equally efficient, and certainly less risky, for the patient to

begin at once by injecting a solution of sulphocarbolate of zinc (two to

five grains to the ounce) three or four times a day, or oftener, and by
taking fifteen or twenty minims of sandal wood oil thrice daily. The

bowels must be kept well open by aperients, all stimulants must be

abstained from, diluents (barley water, soda-water, etc.) freely drunk,

and the patient should keep as quiet as his circumstances will allow (it

is rarely possible or necessary that he should remain in bed for several

days). The injections should always be made after the patient has to

* This method we owe to the late Mr. Cotes. Whilst undoubtedly effective in

some early cases, it is one requiring considerable trouble and expenditure of time on
the part of the surgeon, and is very painful, unless cocaine has been thoroughly

used.
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some extent cleansed the urethra by micturition. The nozzle of the

syringe (glass or rubber) should be inserted well within the meatus,

from one to four drachms slowly injected, so as to distend the urethra,

and held in for a few minutes. In many cases treated by this plan

all trace of discharge disappears within a week or ten days ; but the

treatment should be continued for at least a fortnight after this has

occurred, diminishing the strength of the injection. The patient must
be warned against dancing, bicycle-riding, or other severe exercise

for a few weeks, and sexual intercourse and alcohol must also be
forbidden.

Other useful injections are:—(1) chloride of zinc (one to two
grains to the ounce)

; (2) sulphate of zinc (two to five grains)
; (3)

nitrate of silver (half to one grain) (this stains the linen, is more
painful than most other injections, and on this account is not to be

recommended as a routine measure)
; (4) sulphate of alum (five grains

to the ounce)
; (5) bichloride of mercury (1 in 5,000, increasing in

strength). Sometimes extract of belladonna is added to the zinc

solutions (ten grains with half a drachm of mucilage), but the

sulphocarbolate at least causes so little discomfort that this is rarely

necessary. In a few cases the swelling of the mucous membrane
about the meatus is so great that the mechanical act of injecting

cannot be borne, and then .the old plan of waiting until the inflam-

matory stage has subsided, whilst giving bicarbonate of potash and
tincture of hyoscyamus with buchu, may well be employed.

In the stage of gleet it is often necessary to vary the injection

from time to time. Amongst those not already mentioned, which
may prove useful, are—the four sulphates (one grain each of sulphate

of alum, zinc, copper, and iron to the ounce), solutions of tannic acid,

acetate of zinc, or resorcin.

The oil of yellow sandal wood is preferred to copaiba and cubebs

for internal administration, because (1) it rarely disagrees with the

stomach, if taken within two hours of food
; (2) it is free from the

risk of causing a general erythematous eruption. The dose of the oil

is fifteen or twenty minims, given in gelatine capsules, or in a

mixture with mucilage, syrup, and cinnamon water. It is apt to be
adulterated, so that care should be taken to procure the oil from a

a trustworthy source. For a description of the copaiba rash see

Article XXVIII.
Complications Of gonorrhoea.—The following, amongst the

complications of gonorrhoea, have already been alluded to :— (1)

Retention of urine during the acute stage (it may also occur

from alcoholic excess at a later period)
; (2) chordee ; (3)

epididymitis ; and (4) stricture.

The last two are treated elsewhere in this work. (See "Vol. II.,

Art. LI., on Injuries and Diseases of the Urinary Organs, and
Art. LII., on Injuries and Diseases op the Testis, Scrotum,
and Penis.) It may here be noted that only a small proportion of

cases of gonorrhoea ever develop a stricture, and that a man may have
many attacks and yet escape this formidable complication. Never-
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theless, a persistent gleet, particularly if with it the patient notices a

little trouble in micturition or lumbar aching, should always make
the surgeon suspect the development of a stricture. In such a case a

full-sized bougie (metal or flexible) should be passed with the utmost
gentleness and care, for nothing is easier than for the surgeon, when
he encounters resistance due to muscular spasm, to mistake this for

an organic stricture. A preliminary injection of cocaine is here often

of use. Should a commencing stricture be found, the bougie should

be passed at regular intervals of a few days for a considerable time,

a measure to be afterwards continued by the patient. Some recom-

mend the frequent passage of a large bougie in every case of gleet

—

a plan open to abuse and often harmful alike to the patient's

purse and urethra.

A considerable number of complications of gonorrhoea remain to

be noticed.

4. Balanitis, etc.—The delicate skin lining the inner surface of

the prepuce and covering the glans penis is apt to become inflamed

;

and if the preputial orifice is narrow, phimosis is very likely to occur,

owing to cedematous swelling of the prepuce. The oedema may further

involve the skin of the penis up to its root, and sometimes it is of the

nature of a lymphangitis. In such cases rest in bed, if possible, the

continuous application of evaporating lead and spirit lotion, or of ice

compresses, with the very frequent injection under the foreskin of

cleansing or weak astringent lotions, are to be employed. There is

considerable risk of producing paraphimosis, if the inflamed foreskin

be drawn back over the glans, the latter then becoming engorged with
blood, owing to the constricting ring of prepuce. Actual gangrene of

the glans is very rare from paraphimosis, since ulceration of the con-

stricting part will generally relieve the strangulation ; but to relieve

the pain it is nearly always advisable to divide the constriction (in

the middle line of the dorsum), and if the patient will consent to

a circumcision as well, this measure will often hasten complete

recovery.

Phimosis with free purulent discharge may be due to gonorrhoea

alone, but the presence of a concealed chancre should always be
suspected, and the induration due to it can often be detected through

the inflamed prepuce. Decided glandular enlargement in the groin

makes it very probable that a sore is present, and not simple

gonorrhoea or balanitis.

Small abrasions or superficial ulcers of the glans are often met
with in gonorrhoea, and heal readily under treatment by cleanliness

and the use of a drying powder {e.g. of zinc oxide and calomel or

boracic acid and iodoform). Relapsing herpes is another occasional

result of gonorrhoea and balanitis, requiring similar measures and
sometimes circumcision.

• 5. Warts—In both sexes the growth of soft warts, sometimes

to an extraordinary extent, is liable to result from the long-continued

irritation of purulent discharge from the genitals, though there is

no reason to think that they depend directly upon the gonococcus.
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The glans penis is their usual site in males, the labia in females—it

is rare for them to invade the urethra. If they do not subside under
the use of astringent powders (e.g. tannic or salicylic acid diluted

with twice the bulk of zinc oxide, etc.) and strict cleanliness, glacial

acetic acid should be applied to each wart daily until they shrivel.

In cases of exuberant warts it saves time to anaesthetise the patient,

to excise the warts with scissors, and, if necessary, to apply the

cautery to their bases, which bleed very freely. Warts in the

urethra require the use of a sharp curette.

6. Bubo.—It is only in a very small proportion of cases of

gonorrhoea that there is marked enlargement of the inguinal glands,

but occasionally we see a glandular abscess due apparently to this

cause alone (i.e. not complicated with soft chancre). Not infre-

quently the glands are tender and slightly swollen during the first

few days of the attack.

7. Peri-urethral abscess.—In connection with one of the

glands opening into the fossa navicularis or the bulbous portion,

with Cowper's gland in the male and Bartholin's gland in the female,

etc., a small painful swelling may form during an attack of gonor-

rhoea. The farther back it is situated the more severe are the

symptoms attending this peri-urethral inflammation, which forms a

lump generally on the under surface of the male organ. If left

alone, it may subside or may suppurate and open into the urethra

;

if it causes much pain and tension, etc., it is advisable to open
the abscess by a small incision into its most prominent point. Unless
situated behind a stricture, it rarely leads to extravasation of urine.

8. Gonorrhceal ophthalmia.—If gonorrheal pus be con-

veyed by the patient's finger, handkerchief, etc., to the conjunctiva, a

most dangerous form of ophthalmia is liable to occur. An itching and
burning sensation will be followed in a day or two by conjunctival

congestion and swelling of the lids, and by the third or fourth day
the secretion will be freely purulent. The palpebral conjunctiva

becomes soft and velvety and bleeds readily, that covering the globe

may be raised into thick ©edematous folds (chemosis), and when the

lids are separated, a stream of yellow pus exudes or spurts out.

Corneal ulcers (which tend to perforate into the anterior chamber),

or even sloughing of the whole cornea may occur, and the danger of

complete loss of vision is very great. Spasm of the lids is almost

constant, and may so hinder treatment that division of the outer

canthus with scissors may be necessary.

The symptoms and the danger to vision are practically the same
in cases in which adults have inoculated their eyes from the urethral

pus, as in those cases of infants infected from the vagina during

delivery, though, perhaps, the gravity increases slightly with the

age of the patient.

Treatment must be prompt and energetic. If one eye alone be

infected, the other should be protected by a Buller's shield (a watch-

glass secured between two circles of strapping) worn night and day,

or by an antiseptic pad and bandage frequently changed. The lids
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of the affected eye should be separated and the whole conjunctival

surface very frequently washed out with weak bichloride of mercury
solution (1 in 20,000) or iced boracic lotion. This is best done by
means of an irrigator. Nitrate of silver solution (10 grains to the

ounce) must be applied to the conjunctiva once or twice daily whilst

the discharge is purulent and free, though its use is attended with
risk if the discharge is scanty and the chemosis great. It should

never be used in the solid form, since a slough would be certain to

be produced. Iced compresses give relief, and should be applied in

the intervals between irrigation. During the acute stage the lids

must be constantly prevented from adhering, and the measures re-

commended will require the continual services of a nurse both day
and night.

9. CronorrSioeal rheumatism. — Owing probably to the

absorption from the urethral wall of the virus of gonorrhoea, in a small

proportion of cases a very obstinate form of arthritis is set up.

The knee, elbow, the joints of the foot and hand, are frequent sites,

though it would be difficult to mention any single articulation which
may not be involved. Further, the synovial tendon-sheaths of wrist

or foot, the bursa?, the fibrous sheaths of nerves (especially the great

sciatic), the plantar and other fasciae, the sclerotic coat, and the iris,

may be affected with chronic inflammation secondary to gonorrhoea

in both sexes. The most usual form is a hydrops of one or two
joints and synovial sheaths, painful and very slow to clear off,

starting as a rule three or four weeks after contagion. Very rarely

suppuration follows in the joints with all the attendant dangers of

pyaemia ; more commonly the disease ends by stiffening the joints,

and complete ankylosis is not unknown.
From acute rheumatism the hydrops due to gonorrhoea is known

by the small number of joints affected, the absence of marked fever

and sweating, and the chronicity of the disease.

Cardiac complications are very rare, but not unknown ; salicy-

lates are practically useless in the treatment of gonorrhceal- rheuma-
tism. This mainly consists in curing all traces of urethral discharge,

in support and rest of the affected joints during the early stage, and
massage with hot doiiches and the use of Martin's bandages in the

later stage. Blistering may relieve the pain at first.

Internally, sandal wood oil, full doses of quinine or iodide of

potassium, sulphocarbolate of soda (ten- to fifteen-grain doses) are

each recommended by different authors, though unfortunately there

is no remedy yet known which can be relied upon.

10. Cystitis.—Occasionally the gonorrhceal inflammation spreads

back to the neck of the bladder, and both acute and chronic cystitis

may thus be produced. For the symptoms and treatment we must
refer to Art. LI., Injuries and Diseases of the Urinary Organs,

Vol. II. It should be noted that inflammation of the prostatic

urethra may give rise to aching perineal pain, frequent and difficult

micturition, or slight hematuria, and this posterior urethritis has

been often wrongly termed cystitis. Acute inflammation of the



442 GONORRHOEA.

prostate gland and even abscess in its substance have been known to

complicate gonorrhoea, but are very rare.

Gonorrhoea in the female.—Some allusion has already been
made to this, and space will only allow of a very brief further

notice. The vulva and the vaginal wall are first affected, the

canal of the cervix uteri is often involved, and spreading up from
this the lining membrane of the uterus, the Fallopian tubes, and the

ovaries are liable to become inflamed. The urethra participates in

only about 20 per cent, of the cases, and stricture is an almost un-

known result in women. Long-persisting leucorrhcea, sterility, and
pelvic peritonitis (occasionally suppurative) are amongst the compli-

cations to be feared.

The treatment of gonorrhoea in women is almost entirely local,

and consists in warm hip baths, frequent vaginal douches, and irri-

gation through an indiarubber tube, introduced well into the vagina.

The various astringents and antiseptics already mentioned are useful,

and when the disease has become chronic, glycerine of tannic acid

and powdered alum or tannin (applied on pledgets of cotton-wool

introduced to the top of the vagina through a speculum) should

be tried.
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The significance of the term tumours has in recent years been
very greatly curtailed, partly on account of increased knowledge in

regard to their histology and the relation of micro-organisms to some
forms of morbid growths ("tumour diseases" of J. Miiller), and
partly on account of a more accurate knowledge of embryology. The
morbid conditions usually classed among tumours will be, in this

Article, further curtailed by the exclusion of those diseases termed by
"Virchow " infective granulomata," which include tubercle, glanders,

actinomycosis, and the gummatous lesions of syphilis. This list

will continue to expand as our knowledge of micro-organisms in-

creases. In spite of this restricted meaning the term tumour still

remains indefinable.

Classification.—Tumours may be readily arranged in four

groups :

—

I. Connective Tissue Tumours.
II. Epithelial Tumours.

III. Dermoids.
IY. Cysts.

Each group contains a number of genera, and each genus comprises

one or more species. A list of the genera will precede the description

of each group.

Innocency and malignancy.—Before proceeding to the sys-

tematic description of tumours it is necessary to take into considera-

tion certain peculiarities relating to them. For instance, surgeons

recognise in the connective tissue and in the epithelial tumours two
very important clinical features

—

innocency and malignancy.
Malignant tumours exhibit the following characters:—(1)

infiltration, (2) infection of lymph glands, (3) recurrence after

removal, (4) dissemination, (5) inevitable destruction of life.

Innocent tumours, on the other hand, are (1) usually en-

capsuled, and when diffuse do not infiltrate. (2) They do not infect

the glands. (3) They do not recur after removal ; or (4) dissemi-

nate, but tend continually to increase in size independently of the
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94. — Multiple Neuromata.
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growth of the individual; and (5) only

imperil life from mechanical causes, and
especially when they grow in the vicinity

of vital organs. The connective tissue

group contains one genus of malignant
tumour—the sarcomata ; and the epi-

thelial group contains two genei'a

—

epitheliomata and carcinomata. The re-

maining groups—dermoids and cysts

—

contain only innocent tumours.

As the terms innocency and malig-

nancy are in frequent use, it will be

necessary to illusti-ate them by some
concrete examples. It is necessary to

mention at the outset that innocent

tumours sometimes destroy life as cer-

tainly and as quickly as malignant

tumours. The essential difference be-

tween them may be expressed thus :

The baneful results of simple tumours
entirely depend on their environment ;

but malignant tumours destroy life,

whatever their situation.

Of all the simple tumours few can

claim to be more innocent than the

fibrous tumours of nerve-sheaths termed
neuromata. When they grow on the

peripheral nerves, even the largest

trunks, they may be said never to

cause death, although they are very

often the source of intolerable pain and
anguish. When a neuroma springs

from the roots of the upper spinal

nerves, it will cause no trouble, so long

as it can be accommodated between the

walls of the spinal canal and the cord
;

but as soon as it begins to encroach

upon and compress the soft cord against

the resisting bony walls of the spinal

canal symptoms of paraplegia supervene,

and eventually death. This is well

demonstrated in the specimen (Fig. 94),

taken from a man 45 years of age.

The anterior crural nerve is occupied

by a neuroma the size of an orange. Its

existence was accidentally discovered

after death. Many of the roots of the

lumbar nerve contain small neuromata.
Some are so closely congregated as to



• INNOGENGY AND MALIGNANCY. 445

resemble the annulated root of ipecacuanha, but the fatal result was
brought about by a tumour the size of a nut springing from the root

of the fifth cervical nerve, which had squeezed and destroyed the

cord in this important region.

The preceding example illustrates the effect of environment in

regard to the destructive results of a simple tumour, but it must
also be borne in mind that environment influences very largely the

Fig. 95.—Side View of the Male Pelvis in an advanced Case of Eectal Cancer ; to show
infiltrating tendency.

baneful influence of malignant tumours, and although it is as yet

impossible to state why a periosteal sarcoma of the femur should

be one of the most deadly tumours known, yet very good reasons

can be adduced to explain the rapidly fatal course pursued by cancer

of the uterus and epithelioma of the tongue.

The infiltrating tendency of many malignant tumours explains,

in some cases, the rapidity with which they destroy life. Take as

an example the specimen shown in Fig. 95. It was removed from
a man 33 years of age, who died from cancer of the rectum ; no
disease was suspected to exist in the patient six months before
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his death. In this case the disease had not confined itself to the

rectum, but had crept down the bowel and infiltrated the skin

around the anus ; it had also made its way through the muscu-

lar coat of the bowel, and had involved the sacrum and coccyx,

causing necrosis of the first coccygeal vertebra. The exuberant

growth in the rectum had so obstructed the lumen of the bowel,

that colotomy was urgently needed six weeks before the man

Fig. 96.—Chondroma of the Mesethmoid (Perpendicular Plate) invading the Cranial Fossa
and Distorting the Bones. (Museum, St. George's Hospital.)

died. In addition, the disease had infiltrated the prostate, so that

button-like knobs of the tumour obstructed the urethra and caused

retention of urine, necessitating the regular use of a catheter.

There were no secondary deposits ; death in this case was largely

due to the interference with vital organs, in consequence of the

infiltrating properties of the tumour. The immediate cause of

death was uraemia, and each renal pelvis was dilated and filled with

purulent material. The rapid course of events in this case was
due not only to the essential malignancy of the tumour, but also to

the implication of the bladder and ureters, and the consequent renal

trouble. The progress was assisted by progressive ansemia, caused
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by small losses of blood frequently repeated, and also by the per-

sistent drainage of albuminous fluid from the tumour.

It might appear from the facts of this case that the destructive

effects of malignant tumours may in a large measure depend on
environment, but opportunities will be taken in the course of this

Article to show that malignancy depends entirely on the character

of the tumour ; its destructive effects may be enhanced by its

situation, but not always, for a lympho-sarcoma of the mediastinum
or testis may be more rapidly fatal than a sarcoma of the cerebrum.

The baneful effects of structure as compared with even dan-

gerous environment is illustrated by the skull (Fig. 96), shown in

anterior view, minus its vault and mandible. A large tumour
composed of hyaline cartilage fills the nasal fossae and occupies each

orbit so as to dislocate the eyeballs outwards ; it overfills each

antrum and expands the nasal bones
;
processes of the tumour invade

the spheno-maxillary fossae, and a large mound of cartilage projects

into the anterior fossa of the cranium, and, in all probability, during

fife, came in contact with the cranial vault. The very remarkable ex-

panding and disruptive effects of the tumour upon the facial bones are

well displayed in the drawing ; the maxillae are so pushed outwards
as to cause the incisor teeth to cross each other. The patient was
under the care of Caesar Hawkins in 1848, the tumour had been noticed

two years previously. In 1849 she left the hospital, and though
blind, "her health was little disturbed, she was calm and composed."

A portrait of her appearance in 1850 is preserved in the Museum
of St. George's Hospital. She survived her discharge from the

hospital three years. " Up to the period of her death she had no loss

of intellect, and it is believed no paralysis." An examination of the

specimen indicates that the tumour sprang from the mesethmoid
(perpendicular plate). It is perfectly encapsuled, and required six

years to encompass" the death of the woman, notwithstanding its

dangerous environment, a period twelve times longer than was re-

quisite in the case of rectal cancer (Fig. 95). The fatal effect in the

case of the chondroma was due to the pressure of the tumour on the

brain, for had the growth attacked a phalanx or a metacarpal bone
it would not have shortened the patient's life.

Although the majority of malignant tumours are non-encapsuled

and infiltrate adjacent tissues, a few are furnished with very distinct

capsules ; this is the case with some sarcomata, especially the variety

known as myosarcomata occasionally met with in the kidneys of

infants. Many of these have a perfect capsule ; they are neverthe-

less very malignant and cause death usually within a year from the

time they assume such a size as to become clinically recognisable.

Innocent tumours nearly always possess a distinct capsule, which
completely isolates them from surrounding structures, and the few
species which are diffuse differ very materially from non-encapsuled

malignant tumours in being non-infiltrating.

The distinction between a diffuse and an infiltrating tumour is

important and demands attention. Fat',y tumours are extremely
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common, perfectly innocent, and in nearly all cases encapsuled; there

is, however, one species of lipoma (fatty tumour) which has no
capsule, and is called in consequence "diffuse lipoma" (Fig. 98,

page 450). Though this tumour is diffuse and, in the example
selected, the fat extends without any ' denned limits beneath the

skin of the neck and on each aspect of the platysma muscle, it

does not burrow beneath the deep cervical fascia and implicate

the muscles and vessels of the neck like a cancer, epithelioma,

or sarcoma. Other examples of diffuse but non-infiltrating tumours
will be mentioned in the genera fibromata, gliomata, and neuromata.

The infiltrating propensities of malignant tumours explain, in

part, the phenomenon of recurrence, for in the process of removal
the surgeon, unable to define its limits, leaves portions of the tumour
undestroyed, and as the life of these fragments is in no way
influenced by the removal of the main mass, they continue to grow
and even attain greater proportions than the original tumour.

A very common feature among malignant tumours is lymph
gland infection. This is most marked among epitheliomata and
carcinomata (cancers). It is fairly constant in the melano-sarcomata,

which arise in the skin. When simple tumours involve the skin

and ulcerate, the adjacent lymph glands may enlarge ; this is

apt to complicate the diagnosis. There is, however, this p^eat differ-

ence: after the removal of a malignant tumour, the infected glands

continue to grow ; whereas, after the removal of a simple tumour,

any enlarged glands associated with it quickly resume their natural

size.

The most remarkable feature of malignant tumours is their

tendency to reproduce themselves in distant organs—a phenomenon
known as dissemination. The products of this process, termed
" secondary deposits," are histologically reproductions of the primary
tumour. Dissemination occurs widely in carcinomata. It is very
frequent in sarcomata, but is unusual in epitheliomata. Peculiarities

in the distribution of secondary nodules will be discussed in connec-

tion with the sarcomata and carcinomata.

Tumours of all kinds are prone to degenerate. Many are liable

to fatty, mucoid and hyaline changes ; others become infiltrated

with calcareous material. These are often referred to as secondary

changes. Tumours which grow rapidly are liable to ulcerate, bleed,

and necrose.

Pseudo-malignancy.—When carcinoma arises in the mucous
membrane of the gall-bladder, intestine, or body of the uterus, small

bud-like processes of the tumour are liable to make their way through

the walls of the affected viscera, and project into the peritoneal

cavity. Under such conditions the growing cells are apt to be de-

tached and scattered over the belly. Many of these cells become
engrafted upon the serous membrane and grow, forming secondary

knots. In some cases, especially with gall-bladder tumours, these

little nodules are present in great numbers.

A similar condition is occasionally met with when papillo-
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matous cysts of the ovary and ovarian dermoids rupture, or
leak, into the peritoneal cavity. The cells grow upon the peri-
toneum and form warts in one case, and small dermoids in the
other. Dissemination of epithelial growths in this manner may
be spoken of as epithelial infection. In the case of carcinomata
and sarcomata epithelial infection of the peritoneum soon induces
death. Infection

from an ovarian pa-

pilloma gives rise to

hydro - peritoneum

;

but when the prim-

ary tumour is re-

moved, the warts
quickly atrophy. In
the same way papil-

loma of the renal

pelvis may infect the
bladder; and epithe-

lium of the skin or

cornea, when acci-

dentally buried in the

subcutaneous tissue

or cornea, will some-

times grow into a
small tumour (im-

plantation cyst). In
order to distinguish

the infection of the

peritoneum by pa-

pillomata and der-

moids from that due
to cancer or sar-

coma, it will be use-

ful to speak of it as

pseudo-malignancy. Pig. 97.—Lipoma of the Palm

GROUP I. CONNECTIVE TISSUE TUMOURS.

This group contains the following genera :— 1, Lipomata ; 2

cbondromata ; 3, osteomata ; 4, odontomata ; 0, fibromata ; 6, myxo-
mata ; 7, gliomata ; 8, neuromata; 9, angeiomata; 10, lymphangeio-

mata; 11, myomata ; 1 2, sarcomata. Adrenal tumours and deciduoma
are provisionally grouped with the sarcomata.

1. Lipomata (Patty Tumours).

A lipoma is a tumour composed of fat. Lipomata are the com
monest and most widely distributed of all tumours that occur in

the human body. The species of this genus, determined mainly
by the situations in which they occur, are:—(1) Subcutaneous,

p
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(2) subserous, (3) subsynovial, (4) submucous, (5) intermuscular,

(6) intramuscular, (7) periosteal, (8) meningeal.

1. Subcutaneous lipomata.— These occur as irregularly

lobulated encapsuled tumours in the subcutaneous fat. Unless they

have been irritated or inflamed these tumours are movable within

their capsules, but cannot be completely isolated from the overlying

skin, which is usually puckered. In most cases one lipoma is present,

but two, ten, or more may exist concurrently. In size they vary
widely ; some give

trouble when they

do not exceed the

dimensions of a ripe

cherry, and others

weighing ten or

twelve pounds are

borne by apathetic

individuals without

complaint. Although
this species is .mainly

confined to the trunk
and trunk end of the

limbs, they may arise

in the subcutaneous

fat in any situation

—face, neck, fingers,

palms (Fig. 97), soles,

or scrotum. When
multiple they are

often symmetrical so

far as situation is

concerned. Rarely
a lipoma becomes
pedunculated, and
there is a variety

known as diffuse

lipoma, in which the

subcutaneous fat in the neck, the axillae, groins and pubic region,

becomes excessive and forms unencapsuled masses, as in Fig. 98.

2. Subserous lipomata.— The peritoneum, like the skin,

rests upon a bed of fat. In this subserous fatty deposit lipomata

are prone to occur, and, like those of the subcutaneous species,

they may be sessile, pedunculated, or diffuse. When arising in

the perirenal fat or in the mesentery, lipomata may attain pro-

digious proportions—fifty or sixty pounds. Exceptionally large

fatty tumours have been encountered between the layers of the

broad ligament of the uterus, simulating ovarian cysts. Sub-peri-

toneal fatty tumours sometimes drag upon the peritoneum in the

neighbourhood of the inguinal and femoral rings, and produce finger-

iike diverticula of this membrane, which, when surrounded by fat,

Fig. 98.—Diffuse Lipoma. (After Morrant Baker.)
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are often mistaken for ruptures ; they are known as " fatty hernise."

Occasionally a fatty hernia forms a swelling as large as a bantam's
egg in the scrotum or labium, and when exposed is not unlike
omentum. Subserous lipomata associated with small peritoneal

pouches are not uncommon in the linea alba in the vicinity of the
umbilicus. (See Art. XLVIIL, on Hernia, Yol. II.)

Pedunculated subserous lipomata are usually associated with the

colon; they are for the most part very large arborescent epiploic

appendages.

3. Subsynovial lipomata.—Many synovial membranes have
fat in the deeper layers. This fat may increase in quantity and
cause the serous membrane to bulge into the joint until the mass
becomes distinctly pedunculated—a subsynovial lipoma. This occurs

most frequently in association with the alar ligaments of the knee-

joint. The unusual variety to which J. Miiller gave the name
" lipoma arborescens " consists of a number of small pedunculated

fatty fringes projecting into the synovial cavity. This condition is

often associated with chronic joint disease. The processes have the

same relation to the synovial membrane that epiploic appendages
bear to the peritoneum.

4. Submucous lipomata.—This species rarely attains a large

size. Submucous fatty tumours have been met with in the stomach,
jejunum, and rectum ; beneath the mucous membrane of the lips,

the larynx, and the conjunctiva. Many of the cases in the larynx
are pedunculated ; in the intestine they may possess stalks, and
have caused intussusception.

5. Intermuscular lipomata.—The connective tissue between
muscles is often provided with fat, and is the source of lipomata,

not only in the trunk but also in the limbs. The sucking-cushions

in emaciated children sometimes become enlarged and simulate lipo-

mata ; they also occasionally enlarge in adults when the parotid

duct is obstructed by a salivary calculus. Intermuscular lipomata
in the limbs are occasionally connected with the sheaths of nerves

—

neuro-lipomata.

6. Intramuscular lipomata.—Many examples of fatty tumours
occurring within muscles have been recorded. They are of

interest from the trouble they cause in diagnosis. They have been
observed in the deltoid, biceps (of the arm), complexus and rectus

(of the abdomen) ; in the walls of the cardiac ventricles, and in the

centre of pedunculated myomata of the uterus.

7. Periosteal lipomata.—This species arises from the perios-

teum of bone. They are usually congenital, and nearly always
contain tracts of striated muscle fibre. Periosteal lipomata are com-
monest on the scapula and innominate bones ; they have been
observed on the clavicle, humerus, radius, ulna, femur, tibia, fibula,

cervical vertebrae, and frontal bone. Periosteal, as well as the sub-

cutaneous species, are sometimes so vascular that they resemble

nsevi ; occasionally they are termed nsevo-lipomata.

8. Meningeal lipomata.—Patty tumours occur within as

p 2
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well as on the external surface of the spinal dura mater. Lipomata
within the dura mater often contain tracts of striated muscle fibre.

Fatty tumours are not uncommon in the middle line of the back,

especially in the lumbosacral regions overlying the sacs of spinse

bifidae (Fig. 99). Intradural lipomata may be associated with the

masked vai-iety of spina bifida (spina bifida occulta).

Clinical features.—In
most instances fatty tumours
admit of almost certain diag-

nosis, especially the subcu-

taneous species : their lobula-

tion, indefinite boundaries,

and intimate union with the

skin cause them to be readily

recognised. In the groin

they are apt to be confounded
with hernise, or even with

abscesses. When seated on
the face or scalp (rare situa-

tions) they are easily con-

founded with sebaceous cysts.

Whea a lipoma grows from
the periosteum of a long bone
it will simulate a sarcoma

:

embedded in a muscle it will

lead to most divergent

opinions. In the middle line

of the back it is very liable

to be confounded with spina

bifida, or a dermoid cyst, and
will then require much cir-

cumspection in treatment. A
lipoma within the abdomen
is almost invariably a clinical

puzzle.

Treatment. — Subcuta-

neous lipomata are easily

enucleated : if pedunculated,

their detachment is very

simple. The diffuse variety is rarely submitted to operation. When
fatty tumours are situated where they are liable to irritation from
petticoat-bands, braces, and other articles of clothing, they should

be excised. The removal of a subcutaneous lipoma is one of the

simplest proceedings in surgery, but the extirpation of a large sub-

peritoneal fatty tumour is invariably a difficult matter, and often

attended with grave risks.

2. Chondromata (Cartilage Tumours).

Chondromata (enchondromata) are tumours composed of hyaline

99.—Meningeal Lipoma simulating' Spina
Bifida. (Temoin.)



CHONDROMATA. 453

cartilage. This genus contains three species : (1) Chondromata
;

(2) ecchondroses
; (3) loose cartilages in joints.

1. Chondromata.—Cartilage tumours in their most typical

condition occur in connection with long bones, especially of the
hands ; and, as a rule, grow in the immediate vicinity of the
epiphysial lines, hence they are most frequent in children and young

Fig. 100.—Multiple Chondromata. The lad was stunted from rictots.

adults ; they are often multiple (Fig. 100), but a solitary chondroma
is not a rarity. Individuals with multiple chondromata often present

evidences of rickets, and it is a curious circumstance that the tissue

of a chondroma resembles, histologically, the bluish translucent

cartilage so characteristic of a rickety epiphysial line. These
tumours are always encapsuled, and form deep hollows in the

bones with which they are connected : they are painless, grow
slowly, and are firm to the touch. Mucoid degeneration is com-
mon in them, and the softened parts may furnish slight fluctua-

tion : this serves to distinguish them from osteomata with which
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they are apt to be confounded in diagnosis. Chondromata are

prone to ossify.

Tumours of the testis and parotid which contain cartilage are

not chondromata, but chondrifying sarcomata.

2. Ecchondroses.— These may be denned as small local out-

growths of cartilage : they are very common along the edges of

the articular cartilage of the knee-joint ; ecchondroses are not

rare in relation with the triangular cartilage of the nose, and

are of occasional occurrence in connection with the laryngeal

cartilages.

3. Loose cartilages.—Bodies of various kinds are found loose

in the cavities of joints, but those to be considered under the head
of chondromata,

in addition to de-

tached ecchon-

droses, are pieces

of hyaline carti-

lage found hang-

ing from the syn-

ovial membrane
by narrow stalks,

or occupying de-

pressions in the

bone, from which
they are occa-

sionally dislodged.

The origin of these

loose cartilages

will be dealt with

in the article de-

voted to Diseases
of Joints. (Art.

XXXIII.)
Treatment.—The operative treatment of chondromata has been

greatly simplified since surgeons have appreciated the fact that

these tumours are encapsuled. Hence when it is necessary to in-

terfere with a chondroma, even in cases where several of these

tumours are present, it has become customary to incise the capsule

and enucleate the tumour : this simple method is very successful.

Exceptionally, cases come under observation demanding more
serious measures : for instance, in such a case as is represented in

Fig. 97, the hand may become so burdensome that patients have

asked to have the limb amputated, and their wish has been

complied with.

3. OSTEOMATA (OSSEOUS TUMOURS).

An osteoma may be defined as an ossifying chondroma. The
genus contains two species: (1) Compact or ivory osteoma;

(2) cancellous osteoma.

Fig. 101.—Osteoma of Frontal Sinus.
(Museum, Royal College of Surgeons.)
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Osteomata, like chondromata, are commonly met with in the
neighbourhood of epiphysial lines, and in the case of skull bones
at parts where large tracts of hyaline cartilage exist in the fetal
skull. Every growing osteoma has a cap of hyaline cartilage

which stands in the same relation to the growth of the tumour
that an epiphysial line bears to a bone. (See Art. XXX.)

1. Compact OSteomata.—These are structurally identical

with the compact tissue forming the shaft of a long bone ; often

it is as dense as the petrosal. Although
they may occur on any bone they are

more frequent in the frontal sinus

(Fig. 101), the external and internal

auditory meatuses, and on the mastoid
process than elsewhere, They are occa-

sionally met with on the angle of the

mandible; many supposed osteomata of

the maxillae are odontomes. Compact
osteomata are usually sessile.

2. Cancellous osteomata. —
These resemble in structure the can-

cellous tissue of bone, and are soft in

comparison with the compact species.

When growing from the distal end of

the radius or tibia, they are often

deeply channelled for the passage of

flexor and extensor tendons. Can-

cellous osteomata may be sessile or

pedunculated : frequently the summit
is surmounted by a bursa.

Exostoses It is necessary to

mention that all irregular bony out-

growths are often vaguely classed as

exostoses. The conditions which should

be classed under this name, and sharply

excluded from osteomata, are:— 1,

ossification of tendons at their attachments (Fig. 102);
subungual exostosis ; 3, calcified inflammatory exudations.

Many macerated preparations of bones preserved as examples of

multiple exostoses are from individuals affected with chondromata,

some of which had partially ossified. Further, some of the skeletons

supposed to be examples of multiple exostoses are really instances of

the rare disease—myositis ossificans. (Art. XXXIV., on Injuries

and Diseases op Muscles, Tendons, Fasciae, and Burs/e, Yol. II.)

Treatment.—Osteomata, in situations where they do not involve

important structures, rarely demand treatment. When they press

upon important nerves, obstruct the external auditory meatus, and
are clearly the source of inconvenience, deformity, or distress, they

should be removed. When growing near large joints, great care

must be exercised in removing them. Osteomata of the ivory

Eig. 102.—Exostosis of the Eemiir,
produced by ossification of the
tendon of the adductor magnus.
(Museum, Royal College of
Surgeons.)

the
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species, when sessile, sometimes require very persevering efforts on

the part of the surgeon, aided by the best surgical cutlery. When
an osteoma grows from the roof of the orbit, it should be remem-

bered that it often projects deeply into the cranial cavity.

4. Odontomata (Tooth Tumours).

Odontomes are tumours composed of dental tissues in varying

proportions and different degrees of development, arising from teeth-

germs, or teeth still in the process of growth.

The species of this genus, determined according to the part of the

tooth-germ concerned in their formation, are :—(1) Epithelial odon-

tome (from the enamel organ)
; (2) follicular odontome

; (3) fibrous

odontome
; (4) ce-

7) mentome
; (5) com-

pound follicular

odontome (from the

tooth follicle); (6)

radicular odontome
(from the papilla)

;

(7) composite odon-

tome (from the

whole germ).

1. Epithelial
odontomes. —
These occur as en-

capsuled tumours
in the mandible,

and less frequently

in the maxillae. In
section they are

seen to be made up of congeries of cysts of various shapes and
sizes. The loculi rarely exceed 2 cm. in diameter. The walls of

individual loculi are sometimes ossified. The cavities contain

mucoid fluid of a brownish colour (Fig. 103).

Histologically, an epithelial odontome consists of branching and
anastomosing columns of epithelium, portions of which form alveoli.

The cells occupying the alveoli vary. Thus the outer layer may be
columnar, whilst the central cells degenerate, and give rise to tissue

resembling the stratum intermedium of an enamel organ (Fig. 104).

2. Follicular odontomes.—This species includes those tumours
commonly called "dentigerous cysts," a term which is so often con-

founded with tooth-containing dermoids that it is advisable to dis-

card it.

Follicular odontomes are usually, but by no means invariably,

associated with the permanent teeth, especially the molars, and
sometimes attain very large proportions and produce great deformity.

Occasionally they are multiple, especially when connected with the

maxillary teeth. The tumour consists of a wall of varying thickness.

Thus it may be thin and crepitant, or measure 2 cm. in thickness.

Fig. 103.—Epithelial Odontome. (After Pepper.)

a, Divided bone ; b, teeth ; c, cysts containing a glairy fluid ; d, lobules
of the growth.



OBONTOMATA. 457

Fig. 104.—Microscopical Characters of an Epithelial
Odontome.

This cyst wall represents the follicle of an unerupted tooth. The
cavity of the cyst is occupied by viscid fluid and the crown of an
unerupted tooth. Ex-
ceptionally the tooth is

loose in the cyst. It

may be inverted; usually

the root is truncated

—incompletely deve-

loped, due to non-erup-

tion (Fig. 105)—and
rarely the tooth is ab-

sent. The cyst wall

contains calcareous mat-

ter, and occasionally

bone.

3. Fibrous odon-
tomes.— Every tooth

before its eruption is

enclosed in a capsule

of fibrous tissue—the tooth sac. This capsule occasionally becomes
thickened, and so thoroughly encysts the tooth that it is never
erupted, and is sometimes completely suppressed. Microscopically

these odontomes are made up of wavy laminae of fibrous tissue,

intermixed with calcareous matter. This species has in the past

been confounded with myeloid sarcoma.

4. Oementomes.—When the tooth sac becomes enlarged, as in

the preceding species, and the fibrous tissue ossifies, the tooth

becomes embedded in a mass of hard tissue identical with cementum.
An odontome of this character is called a cementoma. At present

they are unknown in man, but are met with in horses, and in these

animals grow to a very large size.

Specimens are known weighing fifty,

sixty, and seventy ounces.

5. Compound follicular odon-
tomes.—When the thickened capsules

of one or more unerupted teeth become
confluent and ossify sporadically, a

tumour is produced containing one

or more denticles and fragments of

cementum. Such tumours are known
as compound follicular odontomes.

Several examples have been carefully

recorded. Some of these tumours have
contained twenty and others forty denticles. In a few of the re-

corded cases some of the denticles erupted and stood above the
gum. On their removal, other ill-formed teeth appear, and then a
thorough search revealed the existence of a collection of denticles

within a capsule. Compound follicular odontomes occur in the
maxilla as well as in the mandible.

J

Fig 105.—Follicular Odont.ome.
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6. Radicular Odontomes.—This species arises after the crown

of the tooth has been completed, and while the roots are in process of

formation. As the crown of the tooth when once formed is

unalterable, it naturally follows

that should the roots develop an
odontome, enamel cannot enter

into its composition ; the tumour
would consist of dentine and
cementum in varying proportions.

Radicular odontomes are occa-

sionallymetwith inman (Fig. 106)

;

they occur equally in maxilla and
mandible. In rodents they are

very common and occur in mul-

tiples ; four may be present in the jaws of the same animal.

7. Composite odontomes.—These tumours bear veiy little

resemblance in shape to teeth (Fig. 107), but consist of a disordered

conglomeration of dentine, enamel, and cementum, and may be con-

sidered as ai-ising from abnormal growth of all the elements of a
tooth-germ. They are composite in another sense, for the majority

of specimens consist of two or more teeth-germs indiscriminately

blended. They occur in both jaws with equal frequency, but attain

far larger proportions in the maxilla than in the mandible. The
clinical characters of odontomes are described in the article devoted
to Diseases of the Jaws (Art. XXXI.).

Fig. 106.—Radicular Odontome from the
Maxilla. Natural size.

(After John Tomes.)

5. Fibromata (Fibrous Tumours).

Fibromata are tumours composed of fibrous tissue. This genus
contains three species :—(1) Simple fibromata

; (2) molluscum
fibrosum

; (3) neuro-fibromata.

1. Simple fibromata.—Typical fibromata consist of wavy
bundles of dense

fibrous tissue ; the ^mm
bundles are com-

posed of long,

slender, fusiform

cells closely pack-

ed together, and
frequently ar-

ranged in whorls,

the large blood-

vessels of the

tumour traverse

the centre of the vortices. Fibromata occur in the ovary, intes-

tine, and larynx, on the gum (epulis), in the uterus, and in the

deeper layers of the skin. In the last-named situation they are

known as " painful subcutaneous tubercles."

2. Molluscum fibrosum.—This extraordinary condition of the

Fig. 107.—Composite OdoDtome from the Upper Jaw.
(After Jordan Lloyd.)
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skin has been described under a variety of names as Jibro-cellular

faimour, pachydermatocele (Mott), and dermatolysis. It consists of an
overgrowth of skin and subcutaneous tissue, which may affect a
small area like the scalp, or involve a large extent of skin on the
trunk and limbs, causing it to hang in pendulous folds (Fig. 108).

Sometimes it as-

sumes the form
of discrete nodules

scattered over the

skin, the nodules

varying in size,

the extremes being

represented by a

pea and a walnut.

Nodules and pen-

dulous folds are

occasionally asso-

ciated in the

same individual,

and several cases

havebeenreported
in which mollus-

cum nodules have
been associated

with a multitude

of neuromata on

the principal
nerve-trunks.

The histology

of the nodules and
the pendulous

flaps is similar,

and appears to be
represented by an
overgrowth of the

fibrous tissue of

the skin and the

subcutaneous tis-

sues generally.

Concerning the

cause of this over-

growth nothing is known ; it affects men and women equally, and is

not confined to any race or clime.

In many cases in which the disease has been confined to a limited

area the pendulous masses have been successfully excised, and the

subsequent records of the patients have demonstrated that the

disease shows no disposition to recur or to manifest itself in any
other region of the body. It will be necessary to refer again to

molluscum fibrosum in dealing with neuromata.

P* 2

I

Fig. 108.—Mollusuuui Fibrosum.
This tumour was successfully removed by Mott.
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6. Myxomata.

Myxomata are tumours composed of a tissue identical with that

which surrounds the vessels of the umbilical cord.

The genus contains three species :—(1) Nasal and aural polypi
\

(2) cutaneous myxomata
; (3) neuro-myxomata.

Myxomatous tissue is in many instances the result of degenera-

tive changes in fibrous, cartilaginous, and sarcomatous tissues. Its

microscopical characters may be best studied in a nasal polypus. A
nasal myxoma has a capsule of mucous membrane covered with
columnar ciliated, cubical, or stratified epithelium ; sometimes the

three varieties may be demonstrated on one tumour. Immediately
beneath the mucous membrane there is a firm layer of fibrous tissue,

which gradually becomes continuous with a gelatinous mass composed
of cells furnished with long delicate branching processes—spider

cells. (See Art. XLIL, on Diseases of the Nose and Nasal
Cavities, Yol. II.)

Cutaneous myxomata may be either pedunculated or sessile. A
large sessile myxoma when cut into resembles a mass of pale

trembling jelly, from which a viscid fluid of a pale straw colour

drains away.
Neuro-myxomata will be described with neuromata.

7. Gliomata.

Gliomata are tumours composed of the delicate connective tissue

known as neuroglia. The genus consists of a single species—glioma.

Gliomata only occur in the central nervous system. Tissue very

similar to neuroglia forms the sustentacular framework of the retina,

and is the seat of sarcomata, which are often termed retinal gliomata.

In the brain a glioma occurs as a tumour imperfectly demarcated
from the surrounding tissue. It may appear as a translucent swell-

ing of the consistence of vitreous humour, or it may be as firm as

the tissue of the pons. As a rule, a glioma is of the same firmness

as the cerebral cortex. (See Art. XXXVII., on Diseases op the
Head, Vol. II.)

Structurally, gliomata consist of cells furnished with delicate

ramifying processes ; the cells, which may contain one or more nuclei,

are mixed with fibrous tissue. The proportion of cells to the fibrous

tissue varies greatly ; sometimes one set of elements preponderates,

sometimes the other. These tumours are often very vascular, the

vessels being irregularly dilated and occasionally sacculated. The
number of blood-vessels in some specimens is so great that the

tumours are described as angeiomata or angeio-sarcomata.

As a rule, gliomata are solitary and do not give rise to secondary

deposits. In certain situations they rather resemble diffuse over-

growths than tumours. Virchow pointed out that when a glioma is

situated near the surface of the cortex it will appear like a colossal

convolution. Should it grow in the tissue of an optic thalamus, it

would cause the thalamus to bulge into the third ventricle as though
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overgrown, and a glioma of the occipital lobe will project into the

descending cornu like an additional thalamus. The best illustration

of the indefiniteness so characteristic of a glioma comes out in a
sticking manner in the variety known as " gliomatous enlargement
of the pons," which is occasionally met with in children between six

and twelve years of age.

Gliomata are very rare tumours in the spinal cord. Judging
from the scanty records, a glioma is twenty times more frequent in

the brain than in the spinal cord.

8. Neuromata.

Neuromata are tumours growing from, and in structure resembling

the sheath of, a nerve. The genus contains three species :

—

(1) Neuro-fibroma
; (2) plexiform neuroma

; (3) traumatic neuroma.
1. Neuro-fibromata. — Structurally, neuro-fibromata consist

of connective tissue continuous with that of the nerves from which
they grow. They are furnished with a distinct capsule, which is

continuous with the neurilemma, and from which the tumour is

easily enucleated.

Neuro-fibromata are very liable to myxomatous degeneration,

and in large specimens this change may lead to the formation of

cavities in the tumours. (See Fig. 94.) This accounts for the

various names applied to neuromata, such as myxoma, myxo-fibroma,

cystic myxoma, myxo-sarcoma, and neuro-myxoma.
2. Plexiform neuromata. — This species is, in comparison

with the preceding, somewhat rare. Instead of forming distinct

tumours as in the case of simple neuromata, it seems as if the

branches of a nerve distributed to a particular area became thickened

and elongated. Such nerves in section have an appearance like that

presented by the umbilical cord, due to the presence of a large

quantity of myxomatous tissue in the sheath of the nerve. Plexi-

form neuromata are, as a rule, congenital, and are apt to arise in

pigmented moles. Sometimes the thickened nerves are embedded
in tissue similar to that which forms the folds in molluscum fibrosum.

3. Traumatic neuromata, — This species comprises the

"bulbs " which form on the proximal ends of divided nerves, and on
nerve ends in amputation-stumps,

A fuller consideration of neuromata will be found in the article

dealing with diseases of nerves (page 698) ; but it is necessary

to point out the difficulty which surrounds the classification of

neuromata. The term has been in use since the early years of this

century to indicate any tumour of a nerve. The advance of histo-

logical knowledge has demonstrated that some nerve-tumours are

fibrous, others are myxomatous, while a few are sarcomatous in

structure. Some even consist of fat. Thus it would be better to

speak of fibroma, myxoma, sarcoma, and lipoma of nerves as we
speak of sarcoma or chondroma of a bone.

It is of interest to draw attention to the fact that the gelatinous
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tissue in the sheaths of the enlarged trunks of a plexiform neuroma
bears the same relation to the nerve that a glioma bears to the brain,

and this species might not inaptly be called "glioma of a nerve."

The peculiar relationship between multiple neuromata and the

two varieties of molluscum fibrosum—the nodular and the pendulous
—has been referred to in the section on fibromata (page 458).

This much is clear, the neuromata constitute a mixed and, in a sense,

a bastard genus ; nevertheless, it is necessary to retain the class for

a time at least.

9. Angeiomata. 10. Lymphangeiomata.

Angeiomata are tumours composed of an abnormal formation of

blood-vessels. This genus contains three species :— (1) Simple nsevus
;

(2) cavernous nsevus
; (3) plexiform angeioma.

The angeiomata are considered in the article devoted to the

Diseases op Blood-vessels (Art. XXIV. page 517), and lymphan-

geiomata in Art. XXVI., on Diseases and Injuries of Lymphatics
(pages 663 and 679).

11. Myomata.

Myomata are tumours composed of unstriped muscle-fibre. The
genus contains one species—myoma. They occur in the uterus : occa-

sionally they are found in connection with the oesophagus, stomach,

small intestine, bladder, and prostate ; more rarely they grow in

connection with the dartos tissue of the scrotum and the subcutaneous

tissue of the scalp. Myomata sometimes arise in the broad ligament

of the uterus, the ovary, and the ovarian ligament, and very rarely

from the Fallopian tube.

Myomata occur as encapsuled tumours composed of long fusiform

cells, with a rod-like nucleus. The bundles of muscle-fibres are

often interwoven in such a manner that the cut surface presents a

characteristic whorled appearance.

It is sometimes very difficult to distinguish between a myoma,
a fibroma, and a spindle-celled sarcoma; for instance, uterine

myomata. were formerly called " uterine fibroids," and spindle-

celled sarcomata " recurrent fibroids " ; but increased accuracy in

histological methods has in a very large measure served to dissipate

this confusion. It is important in doubtful cases to remember
that myomata only arise from pre-existing unstriped muscle-fibre.

Spindle-celled sarcomata are rare in situations favourable to

myomata.
Tumours composed of unstriped muscle very frequently occur in

the uterus, and are the commonest tumours to which women are

liable. The uterus consists almost entirely of unstriped muscle,

and the larger part of the organ is covered externally by peri-

toneum : where this membrane is in relation with the uterus, its

subserous layer (which in many parts of the abdomen consists of

fat-containing connective tissue) is here replaced by a layer of un-

striped muscle-fibre, which is directly continuous with the muscle-
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tissue of the broad ligaments. The cavity of the uterus is lined with
mucous membrane, the deep layer of which is so rich in muscle-fibre
that it is impossible to determine the limit between the mucous mem-
brane and the true wall of the uterus. Thus there are three situations

in the uterus in which myomata may arise : (1) in the true uterine
tissue

—

intramural myomata; (2) in the submucous tissue

—

sub-

mucous myomata ; (3) in the subserous layer

—

subserous myomata

M

A
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Fig. 109.—A very Vascular Myoma. (After Virchow.)

Muscle tumours may arise in, and remain confined to, any one of

these layers ; or they may arise in all three in the same individual.

Submucous and subserous myomata rarely attain a large size, they
quickly become pedunculated and project into the peritoneal cavity

in the case of the subserous variety, and into the uterine cavity

when originating in the submucous tissue. It must also be borne
in mind that intramural myomata not infrequently project into the

uterine or peritoneal cavities, acquire stalks, and simulate those

which arise in the submucous and subserous layers. When intra-

mural myomata become pedunculated and project, either on the

serous or mucous aspect of the uterus, they attain larger proportions

than those which arise in the subserous or submucous strata.
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It not infrequently happens that when a myoma is confined to

one wall of the uterus, and appears as a single tumour externally,

it will be found, on section, to consist of two or more tumours

growing in association, but each possessing its own capsule. This

holds good of many specimens described as "general myomatous
enlargement of the uterus," in which the organ is so uniformly en-

larged as to resemble a gigantic pear. Myomata arise in any part

of the uterus, but they

are most frequent in

the body and fundus.

They are rare in the

cervix, but in this situa-

tion very large examples
are sometimes met with.

The cervix is frequently

involved in myomata
arising in the anterior

or posterior wall of the

uterus.

Myomata vary
greatly in their rate of

growth ; those which
grow slowly are, as a

rule, very hard, and
contain a large propor-

tion of fibrous tissue

:

hard tumours rarely

exceed the size of a

fist, and if they become
pedunculated, do not

commonly grow big.

The softer specimens con-

tain but little fibrous

tissue, the cells are

large, they grow rapidly,

are very vascular, and often furnish a loud systolic murmur (Fig. 109).

Myomata, when they project into the uterine cavity, cause

marked hypertrophy of the walls of the uterus ; when very large,

and especially when projecting from the fundus, they distort the

uterine cavity. In many cases the tumour gradually dilates the

cervical canal and is extruded from the uterus into the vagina, and
may even protrude from the vulva. Occasionally the pedicle is

broken and the tumour discharged. This is known as spontaneous

detachment of a uterine myoma. When a myoma occupies the

cavity of the uterus, whether it arise in the mucous membrane or

wall of the organ, it is in part invested by mucous membrane : so

long as the tumour remain in the uterine cavity this mucon" mem-
brane retains its columnar epithelium ; when the tumour protrudes

into the vagina the cells covering the exposed portion become

Fig. 110.—Cavities, the result of Mucoid Degeneration of
a Uterine Myoma. (Museum, Middlesex Hospital.)
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stratified, except in the glandular recesses, where they retain the
columnar ciliated form. It is important to bear in mind that a
myoma projecting into the uterine cavity will sometimes invert

the fundus of the uterus. Intramural myomata, especially when
they remain sessile, often attain great size, and, rising out of the

pelvis, may even reach as high as the diaphragm and weigh sixty,

seventy, or more pounds.

Uterine myomata are liable to secondary changes ; they may
undergo mucoid degeneration, and large tracts may become con-

verted into a viscid fluid surrounded by a capsule, and thus resemble

a cyst (Fig. 110). Thus altered, they are often spoken of as cystic

myomata. Fatty metamorphosis is a rarer change ; in some rare

instances a collection of fat has been found in the middle of a

Fig. 111.—Calcified Uterine Myoma, in section. (Museum, Middlesex Hospital.)

pedunculated myoma. Calcification is a common change, the

calcareous matter is not deposited irregularly, but follows the peculiar

whorls of the muscle tissue (Fig. 111).

It occasionally happens that a myoma, which has existed many
years and given rise to little inconvenience, suddenly enlarges,

grows rapidly, assumes formidable proportions, and gives rise to

constitutional disturbance. These changes are analogous to those

which occur when a submucous myoma extrudes from the cervix and
becomes gangrenous, that is, they are due to septic infection.

The occurrence of these changes leads to the infiltration of the

tumour with leucocytes and round cells ; thus sections prepared from

it resemble those from a round-celled sarcoma, and there can be

Little doubt that in many specimens described as " sarcomatous de-

generation of uterine myomata," the changes in and the rapid

growth of the tumours were the result of septic infection.

ThJ-!tflinical characters of uterine myomata are discussed in the

section devoted to the Diseases of the Female Genital Organs
(Art. LIILVoL II.).
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12. Sarcomata.

Sarcomata are tumours composed of tissues resembling immature
connective tissue, in which cells preponderate over the intercellular

substance. This genus contains

six species, which are deter-

mined according to the shape

and disposition of the cells

:

(1) Round-celled sarcoma
\ (2)

lympho-sarcoma
; (3) spindle-

celled sarcoma
; (4) myeloid

sarcoma
; (5) alveolar sarcoma

;

^fipy.'.

'

.''• "'•".;''

-^W@>' (6) melano-sarcoma.

V'

>

IV© 1 - Round - celled sar-

_._-^U' -, " ~ -hsC^r^ coma.—This species consists

j
C
j^# T^"j|^» ^ of round cells with very little

(W %^J ©Y ^y^m\ r9k
intercellular substance. Each

-r^© \ V^ 'W "

N© cell has a large round vesicular

Fig. 112.-Microscopical Characters of a Lympho- nucleus, and a Small proportion

sarcoma, from the mediastinum. of protoplasm. Blood-vessels

are abundant, and often appear

as mere channels between the cells ; lymphatics are absent. These
tumours grow very rapidly, infiltrate surrounding tissues, become
disseminated, and recur after removal.

There is a variety known as the " large round-celled sarcoma ;

"

the cells are of unequal size, many contain two or more nuclei ; a

few are multinuclear and resemble myeloid cells.

The round-celled sarcoma is the most generalised tumour which
affects mankind ; it may occur in any organ, in bone, brain, muscle,

spinal cord, ovary, or testis, and even in the delicate sustentacular

framework of the

retina. It attacks _ ;:-, .r>, p^'-'^ -;So~
i»the body at all <c ^"^ -

"-
"" + o <^_

periods of life, from 4^ ''

- %-#&
the fetus or the (^ty#&^^f||^
child just bom up to „,.- - y ' ^^^^fel§|f*
the extreme limits ' i gg* ;

of age. Among <-

,
^ &£*%*

vertebrate animals <»»& %^> %§§§»
it is ubiquitous. u <Jp.S-.r.f' A,

2. Lympho- * "f£4
SarCOma Consists Fig. 113.—Small Spindle-celled Sarcoma from a

« i, . •, ,-i Metacarpal Bone.
ot cells identical

with those of round-celled sarcomata, but the cells are contained in a

delicate mesh, and resemble the tissue of lymphatic glands (Fig. 112);

hence the origin of the term. These tumours must not be confounded

with simple (irritative) enlargement of lymphatic glands, nor with

the general overgrowth of lymphadenoid tissue associated with

leukaemia or lymphadenoma (Hodgkins' disease). (See page 674.)
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3. Spindle-Celled sarcoma.—The cells of the species classed
under this head vary considerably in size, but they agree in the
circumstance that they are oat-shaped (Fig. 113) or fusiform. The
cells have a tendency to run in bundles, which take different
directions, so that in sections of the tumour seen under the micro-
scope some cells will be cut in the direction of their length and
others at right angles. This must be borne in mind, or an incorrect
opinion will be formed
as to the nature of the

tumour.

The following facts

will afford some idea

as to the degree of

variation in size of

the cells of spindle-

celled sarcomata. In
some of the tumours
the cells are so thin,

slender, and contain

so little protoplasm
that they seem to

consist only of a
nucleus and cell pro-

cesses. It is difficult

to distinguish such
cells from those of

moderately-firm fibrous

tissue.

In other specimens
the cells are large,

beautifully fusiform,

and rich in protc

plasm. They give

rise to considerable

difficulty to the morbid anatomist, and he often feels incompetent
to decide between such cells and those of young unstriped muscle-

fibre. The complexity of such tumours is further increased by the

fact that occasionally these long spindle-cells are transversely striated

like voluntary muscle-fibre. This variety is sometimes called myo-
sarcoma (Fig. 114).

Another peculiarity of spindle-celled sarcomata is the frequent

presence of tracts of immature hyaline cartilage ; in some instances

this tissue constitutes so large a proportion of these tumours that

they are described as chondromata ; the cartilage is sometimes

calcified and even ossified. When cartilage is very abundant in a

sarcoma it is termed a chondrosarcoma. In slow-growing examples
of this species the spindle-cells become converted into fibrous tissue

;

such are often called fibro-sarcomata. Spindle-celled sarcomata
often contain round cells and even large multinuclear cells.

&%

\i
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¥
Pig. 114.—Cells from a Spindle-celled Sarcoma of the

Neck of the Uterus. Some of the cells have a
cross-st nation. (After Pernice.)
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4. Myeloid sarcoma.—This species is composed of tissue

histologically resembling the red marrow of bone. When fresh, the

cut surface of the tumour is of a deep red or maroon colour, and
looks not unlike a piece of liver. The tissue consists of large

numbers of multinuclear cells embedded in a matrix of spindle or

round cells (Fig. 115). Many central tumours of bone contain

large multinuclear cells, but it is only when these large cells are

present in such quantity as to make up a large part of the tumour
that they should be classed as myeloid sarcomata. Myeloid sarco-

mata only occur as central tumours of bones. (See Art. XXX.)'
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Fig. 115.—Microscopical Characters of a Myeloid Sarcoma, from the acromial end of the
clavicle.

5. Alveolar sarcoma.—This is a peculiar species, inasmuch

as the cells, contrary to the rule of sarcomata generally, assume an

alveolar disposition, similar to that observed in sections of a carci-

noma. Although they mimic the cancers in this respect, there is,

however, one great point of difference—they do not imitate the

structure of secreting glands. In carefully-prepared sections such

tumours rarely cause difficulty, because the cells are usually of large

size and even when they resemble epithelium it is possible to

distinguish a delicate reticulum between the individual cells, a con-

dition never found in cancer.

Alveolar sarcomata have occasionally been described as growing

in connection with bone, but their common situation is the skin,

especially in relation with those congenital defects known as hairy

and pigmented moles.
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6. Melano-Sarcoma.—Structurally this species may be com-
posed of round or spindle cells. Occasionally they are arranged in

alveoli. The distinguishing feature is the presence, in the cells and
intercellular substance, of a variable quantity of black pigment.

It was formerly the custom to describe all varieties of melanoma
as cancers. Now that the histological distinctions between sarcoma
and carcinoma are more accurately denned, it is clear that the

majority of pigmented tumours must rank as sarcomata.

In these tumours the amount of pigment varies greatly ; in some
there is only sufficient to produce a brown discoloration, others are

jet black. Occasionally it happens that the primary tumour contains

very little pigment, yet the secondary deposits are inky black. The
pigment particles are lodged in and among the characteristic cells

of the tumour, and also in its fibrous matrix and in the walls of the

vessels.

Melano-sarcoiaaa of the skin.—Two varieties occur in the

skin. The most frequent arises in pigmented moles ; the rarer in or

near the nail-matrix of a finger or toe.

Melano-sarcomata occurring in moles differ from other melano-
mata in that the cells are collected in alveoli ; the tissue forming the

base of a mole, as a rule, presents an alveolar disposition, and this

structural peculiarity comes out very strongly when a mole is the

seat of a melanoma. (See page 718.)

A pigmented mole may remain quiescent throughout a very long

life and never cause the least inconvenience; in other instances,

fortunately rare, as life advances the mole ulcerates, perhaps bleeds

freely, and may even become partially healed. Coincident, however,
with the onset of ulceration the adjacent lymph-glands enlarge, become
charged with pigment and sarcomatous tissue, spaces filled with black

fluid form in them, and finally the overlying skin ulcerates. The
infection may not proceed farther than this ; recurrent haemorrhage

from the fungating glands or a furious bleeding, should a large vein

or artery become broached by ulceration, carries off the patient. In

many cases the morbid material is disseminated, and secondary

knots form in the liver, lung, kidney, or brain, and death arises from

interference with the function of these organs.

In other cases, instead of ulcerating, the mole becomes prominent

and the lymph-glands in anatomical relationship with the part

enlarge, and deposits at the same time occur in viscera, bones and

skin.

It does not necessarily follow that in all cases of melanoma
occurring in moles secondary deposits are formed in the viscera.

In some rare cases the tumour seems to become mainly a source of

pigment, large quantities of which enter the circulation, to be

discharged with the urine in which it is recognised as melanin.

Exceptionally the skin will assume a dusky tint.

Digital melanoma.—Melanosis in connection with the fingers

and toes assumes two forms : it may occur as a deep pigmen-

tation of the skin, usually in the immediate neighbourhood of



470 TUMOURS.

the nail, and often involving the matrix, or even the nail itself

;

or as a small pigmented nodule arising in the nail-matrix or in the

adjacent skin. These nodules quickly ulcerate, and dissemination

follows. In some of these nodules the pigment is very scanty

—

indeed in some cases it is only discovered with the microscope

;

yet secondary nodules of an intense black colour will arise in the

various organs and tissues.

The hallux is the digit most prone to be attacked by melanoma,
and several examples have been fully recorded, most of the patients

being women.
Intra-ocular melanoma. — Pigmented tumours arising

within the eyeball belong to two genera, sarcoma and carcinoma.

Of these, the melano-sarcoma is very much more frequent than the

melano-carcinoma.

Melano-sarcoma may arise from any part of the uveal tract

—

that is, either from the posterior part of the iris, the ciliary body,

or the choroid, posterior to the ciliary body. A melano-sarcoma
of the iris is excessively rare, and such a tumour is ten times more
common in the choroid than in the ciliary body. Intra-ocular

melano-sarcomata have been observed as early as the fifteenth

year, but the Kability increases with age. By far the. greater

number occur between the fiftieth and sixtieth years : they have
been met with as late as eighty-four.

Intra-ocular melano-sarcomata are very apt to recur after re-

moval, and to become disseminated. The most frequent situation

in which to find secondary deposits is the liver ; but any organ
may contain them, even the bones. It is surprising, considering

that the eyeball is so near to, and in such close relation with
the brain, by so large a nerve-trunk as the optic nerve, that

it should be so rarely implicated. It is a fact that when the brain

is the seat of deposit, it is excessively rarely the result of extension

along the nerve. The amount of dissemination varies greatly ; in

some cases secondary knots occur in almost every organ ; in others

they will be limited to the liver. The lymph glands adjacent to

the orbit are rarely infected. It is curious that in most cases death

results more often from the secondary growths involving important

organs than from the local effects of the primary tumour, in spite of

its proximity to the brain.

Sarcomata Of secreting1 glands.—The round and spindle-

celled species of sarcomata are prone to arise in the parotid

and submaxillary glands, the kidney, testis, ovary, and occasionally

in the mamma. They have attracted great attention on account

of the variety of tissues they sometimes contain. Thus spindle-

celled sarcomata of the parotid gland almost invariably contain

cartilage, myxomatous and connective tissues, entangling groups of

ill-formed glandular acini. Similar tumours occur in the submax-
illary gland. Of spindle-celled sarcomata growing in the testis, half

contain tracts of hyaline cartilage. In the kidneys of infants

sarcomata contain ill-formed glandular tubules, and tissue which in
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sections is indistinguishable from striated muscle. In the mammary-
gland these tumours contain, in addition to sarcomatous elements
hyaline cartilage and clusters of glandular acini. In the ovary
clusters of ovarian follicles are found here and there embedded in

the tumour. Many writers refer to these tumours as adeno-sarco-

mata, a term which needs to be strongly discouraged. It has already
been pointed out that

striated muscle-tissue

occurs in spindle-

celled sarcomata of

other organs than
glands, and it may
be here mentioned
that in the kidney,

where myosarcomata
are most frequently

met with, when the

striated cells are

abundant, gland tu-

bules are scanty, and
often absent, and the

converse of this is

equally true. It has

been urged that com-

plicated sarcomata

of glands should rank
as a separate genus,

but the convenience

and justice of keeping
them among sarco-

mata is indicated by
the fact that when a

myosarcoma is re-

moved and recurs,

the recurrent tumour
contains only round
and spindle - called

elements.

The general characters of sarcomata.—It will now be ne-

cessary to refer to the characters of sarcomata in general.

The blood supply.—The vascularity of sarcomata varies greatly.

In all the circulation is mainly capillary. In the small round-celled

species the vessels may be so numerous as to cause distinct pulsation

and a loud murmur or " hum." The slow-growing spindle-celled

species are poor in vessels. In tumours, which grow rapidly, the

walls of the blood-vessels are very thin, and rupture from the force

of the circulation, converting the centre of a sarcoma into a blood

cavity. Tumours thus transformed were formerly described as

"malignant blood cysts."

Fig. 116. Lymphosarcoma of the Mediastinum infiltrat-

ing the Lung.
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Infiltrating properties. — In some instances sarcomata are

furnished—at least, in their early stages—with a capsule, but

the majority are unencapsuled, and extensively infiltrate the planes

of connective tissue adjacent to the tumour. This infiltrating

tendency comes out well when a sarcoma starts within the sheath of

a muscle, for it will dissociate the fasciculi and extend throughout

the muscle, transforming

it into a hard indurated

mass. Retinal sarcomata,

after escaping from the

eyeball, infiltrate the ocu-

lar muscles, and periosteal

sarcomata infiltrate the

adjacent muscles, and
render it impossible to

determine the real limits

of the tumours, especially

when seated in the limbs.

Lympho-sarcomata, aris-

ing in the mediastinum,
illustrate the disastrous

effects of infiltration (Fig.

116).

Dissemination.— Sar-

comata are liable to re-

produce themselves in

distant parts. The most
usual organ in which to

find secondary deposits

is the lung (Fig. 117),

unless the primary
tumour is situated in the

territory of the portal

circulation, then they will

be found in the liver. In
very malignant sarco-

mata, especially the round-

celled species, secondary

deposits may form in

every organ of the body.

They are always identi-

cal in structure with the primary tumour.
The relation to veins.—It has long been recognised that when

sarcomata disseminate, the situations of secondary nodules indicate

that the distribution has been effected by means of veins. The
venules issuing from a sarcoma will often be found plugged by small

outrunners from the tumour, and occasionally, when a large sarcoma
of the pelvic bones implicates the iliac veins, portions of the tumour
will travel alone: the lumen of the vein, and even extend into the

Fig:. 117.—Section of Lung, with Noauies of Sarcoma
secondary to spindle-celled Tumour of the Testis.
(Museum, Royal College of Surgeons.)
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inferior vena cava (Fig. 118). This is not uncommon in connection
with sarcoma of the kidney. Sometimes large pieces detached from
these intravenous processes produce embolism of the pulmonary
artery, and have been so large as to obstruct the right auriculo-

ventricular orifice.

Secondary changes.—Sarcomata are very prone to degenerative

changes ; for instance, haemorrhage is very apt to take place in those

Intravenous process of
sarcoma.

Enlarged lymph glands.

Tig. 118.—Periosteal Sarcoma of the Ilium invading the Inferior Vena Cava.
(Museum, St. Bartholomew's Hospital.)

which grow quickly, producing spurious cysts. The tissues of the

tumour are prone to liquefy, and myxomatous changes are very

common. Calcification occurs in those which grow slowly, especially

when connected with bone. When sarcomata grow rapidly and
involve the skin, ulceration is very ready to occur and leads to

profuse and oft-repeated haemorrhages, which not only exhaust the

patient, but in many cases induce death.

Occasionally considerable portions of a sarcoma will necrose

;

this is more apt to occur in very large tumours. In such cases a
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lai*ge spurious cyst forms in the sarcoma, and on cutting into it the

fluid escapes with large, irregular pieces of the tumour, which are

generally of a greyish-white colour. When necrosis occurs exten-

sively in a large sarcoma it will sometimes check its course in a
very marked manner.

The distribution of sarcomata.—As connective tissue occurs in

every organ of the body, so sarcomata are ubiquitous. But they

grow in some situations much more frequently than in others. Some
species arise in any organ, others are restricted to certain definite

structures. Sarcomata frequently arise in subcutaneous tissue and

Fig. 119.—Adrenal Tumour, with the Kidney in situ.

(Museum, Royal College of Surgeons.)

fascia, intermuscular septa, periosteum, marrow of bone, testis,

ovary, and salivary glands ; occasionally they occur in the brain,

rarely in the spinal cord and nerves. They are very rare as primary
tumours of muscles, liver, lung, spleen, alimentary canal or uterus.

Sarcomata grow from the retina of children and uveal tract of

adults, and in connection with congenital defects of the skin. The
clinical characters of sarcomata are considered in the Articles devoted

to special organs.

Adrenal tumours.—Tumours exhibiting the histological

characters of the zona fasciculata arise in the adrenals and in

accessory adrenals.

An adrenal may become transformed into a large tumour in

the same way that the thyroid gland becomes a goitre, and some-

times the mass produced by this change may equal a melon in size

(Fig. 119). In children both adrenals may be affected.

Accessory adrenals are occasionally found embedded in the
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cortex of the kidney. On superficial examination they resemble
small fatty tumours; and have often been described as renal

lipomata. When thin sections of these bodies are prepared for

the microscope and deprived of fat, they exhibit the peculiar

structure of the zona fasciculata of the adrenal.

These accessory adrenals are probably the source of certain

renal tumours usually described as sarcomata, but resembling the

adrenal in structure. The subject is of practical importance, inas-

much as renal tumours of this character are far less malignant than

are other species of renal sarcomata.

Deciduoma.—This name is applied to an excessively malignant

tumour characterised histologically by cells identical with the lai'ge

decidual cells of the placenta. This tumour probably arises in frag-

ments of placental tissue left in the uterus, as they have only been

observed in women after recent delivery or abortion. The tumour
grows rapidly, and is usually lobulated ; on section the lobules

resemble in colour and consistence the pulp of a pomegranate.

Secondary deposits occur in the viscera and bones.

GROUP II. EPITHELIAL TUMOURS.

In the group of tumours now to be considered, epithelium is

not only present, but is the essential and distinguishing feature.

Epithelium is so disposed in the bodies of complex animals as to

serve many functions. In some situations it acts as a protective

—

e.g. the epidermis, where it becomes modified into hair, nail, hom,
or into the hardest of all animal tissues—enamel. In other parts, pro-

cesses of epithelial cells dip into the underlying connective tissue

to form secreting glands ; some are very simple

—

e.g. the tubular

glands of the intestine; others are very complex

—

e.g. the liver,

mamma, and kidney. Whether a gland is simple or complex, the

principle of construction is identical—namely, narrow channels

lined with epithelium, resting upon a connective-tissue base, in

which blood-vessels, lymphatics and nerves ramify.

Each epithelial recess of a gland is known as the acinus, and
each acinus is in communication with a free surface, either directly

by its own duct, as in the case of sebaceous and mucous glands, or

indirectly by means of a number of main ducts, as in the case of

the mamma ; or by a common duct, as in the pancreas. To this

rule there are three notable exceptions : the thyroid gland, the

pituitary body, and the ovary.

Classification.—The differences in the disposition of epithe-

lium enable epithelial tumours to be arranged in four genera : 1,

Papilloma; 2, epithelioma; 3, adenoma ; 4, carcinoma.

1. Papilloma (Wakts).

A papilloma consists of an axis of fibrous tissue containing blood-

vessels, surmounted by epithelium, projecting from an epithelial
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surface : this surface may be uniform, or covered with secondary

processes, like a mulberry, or with long villous tufts.

There are four species of papillomata: (1) Warts; (2) villous

papillomata ; (3) intracystic warts
; (4) psammomata.

1. WartS.—These are very common on the skin, but they also

arise from mucous membrane covered with stratified epithelium.

They occur singly or in great numbers, and are rarely painful, unless

irritated. Crops of warts are common on the hands of children and

on the scalp. They are often numerous on the glans penis, the anus,

and labia when these parts

are irritated by purulent

discharges, especially that of

gonorrhoea. Skin warts are

overgrown papillae, and in

section the epithelium will be

found to pass from papilla to

papilla in an unbroken line

without invading the fibrous

framewoi'k.

A curious feature of mul-

tiple warts is that they some-

times appear in great number
on the hands or scalp, and
after persisting for some weeks,

or even months, suddenly

disappear as if by magic.

A solitary wart may grow
from any skin-covered surface,

and persist. Such a wart may
attain the dimensions of a

walnut. Large solitary warts

often contain black pigment,

and some become the source

of melanomata. A wart occa-

sionally grows very rapidly, and may reach the size of a bantam's egg.

Its surface ulcerates, and gives rise to a foul discharge, with a very

offensive odour. The cells covering cutaneous warts sometimes
become transformed into horns—wart-horns (Fig. 120). (See Art.

XXVIII, pages 708 and 710.)

Warts on mucous membranes are not so common as on the skin,

but they are apt to produce serious consequences, especially when
they arise in the larynx (Fig. 121). Laryngeal warts in children

are often multiple ; in adults they are less frequent, almost invari-

ably solitary, and are frequently imitated by laryngeal epithelioma.

2. Villous papillomata.—These grow from the mucous mem-
brane of the bladder, and occasionally from the pelvis of the

kidney. They consist of long-branched feathery tufts, resembling

the villi of the chorion. The bladder wart consists of a connective-

tissue axis traversed by delicate vessels surmounted by columnar or

Fig. 120.—Wart-Horn from the Cheek.
(Museum, Middlesex Hospital.)
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Tig. 121.—Laryngeal "Warts.

cubical epithelium. Villous

papillomata sometimes pos-

sess broad bases, but often

the points of attachment are

so narrow that the tumour
may be described as pedun-
culated. These tumours may
be single or multiple. In-

stances are known in which
villous papillomata of the

renal pelvis have been asso-

ciated with similar smaller

tumours of the vesical mucous
membrane near the orifices

of the ureters, probably due
to epithelial infection. {See

Art. LI., on Injuries and
Diseases op the Urinary
Organs, Vol. II.)

A very interesting variety

of villous papilloma arises

from the choroid plexuses of

the cerebral ventricles. When large, and situated in the choroid

plexus of the fourth ventricle, they have produced pressure symptoms
and death. These tumours
rarely attain such size as to

be fatal without undergoing
calcification.

3. Intracystic papillo-

mata.—The interior of all

true cysts is lined with epi-

thelium. Warts springing

from the inner walls of cysts

are not common, save in two
Situations— (1) Cysts Of the Dura mater

mammary gland, (2) cysts of

the Paroophoron and Gartner's Psammoma

duct. They have been observed

in cysts arising in accessory

thyroid glands.

4. Psammomata.

—

These are tumours composed
of globular bodies, consisting

of epithelial cells arranged in

layers, usually calcified, and
embedded in connective tissue

(Fig. 122). They are confined

exclusively to the pia mater „;,„„„ P „ c . -, ,, .

„ . . •'. -i-i i Fi". 122. - Psanimoina of the Spinal Membranes.
OI the brain and spinal COrd (Museum, Middlesex Hospital.)

Pia mater

Arachnoid

Spinal cord
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(Fig. 123). In the case of the brain they grow most frequently

from the choroid plexuses of the ventricles. The amount of

calcareous matter in psammomata varies greatly. Sometimes the

tumours are of stony hardness. In the brain they rarely exceed

the dimensions of a shelled walnut. Favourite spots for these

tumours are the tufts of villi which protrude from the lateral

recesses of the fourth ventricle. The close relations of such tumours

to the medulla, the
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Fig. 123.—Microscopical Characters of a Psammoma. cell formations known

as nests. The disease

often recurs after removal, and is exceptionally liable to infect adjacent

lymph glands. This genus consists of a single species—epithelioma.

Site and mode Of origin.—An epithelioma may arise in any
part of the body where stratified epithelium exists, and is particu-

larly prone to occur in situations where there is a transition from
one kind of epithelium to another, and especially at spots where
skin and mucous membrane come into relation with each other

—

e.g.

the anus and lips. Injured parts are sometimes attacked by this

disease

—

-e.g. the edges of cicatrices (Fig. 124) and ulcers.

An epithelioma may make its appearance as a wart, as a fissure,

or as a nodule on the surface of skin or mucous membrane. Perhaps
the most frequent form is that in which the epithelioma appears as

an ulcer with raised, rampart-like edges.

When the disease starts in a fissure, and ulceration keeps pace

with the infiltration, then, instead of raised edges, the ulcer has

margins as sharply defined as those of a rodent ulcer, or even
undermined.

There is a third variety, in which processes project from the skin

like warts, and their free surfaces are sometimes quite horny.

Structure.—Although these three clinical varieties of epithe-

lioma look so different, they are identical in structure. When sections

are cut in such a way as to include not only the edge of the ulcer



EPITHELIOMA. 479

but the adjoining tissue also, the surface epithelium will be found
to dip into the underlying tissue in the form of long columns (Fig. 125).

The parts around these cell-columns are infiltrated with adventitious

cells ; among and beyond these columns as well as within them,
curious concentric bodies known as nests may be found. The
cells composing these nests are arranged around two or more
altered cells like the layers of an onion. The cell-columns are not
enclosed by membrane, and some of the larger columns tend to

branch and even fuse with adjacent columns, forming a network in

the deeper tissues. It matters not whether the epithelioma grows
on the lip, tongue, larynx, or edge of a scar, this peculiar disposition

of cell-columns is observed, accompanied by cell-nests. The size of

the columns and number of the nests vary in different cases, but the

plan of invasion is the same in all.

It is important to bear in mind that the three clinical varieties

of epithelioma occur in most of the situations which are liable to

this disease ; in addition to the lip, it has come under my notice in

the tongue, anus, buccal aspect of the cheek, glans penis, vaginal

surface of the uterine cervix, and at the edge of old scars. The
non-recognition of these three manifestations of epithelioma has

produced much confusion in surgical writings. For instance, the

warty form has in many instances been described as epithelioma

supervening on warts.

i&,..A-;: :.:: }i-z&^M

Fig. 124.—Epithelioma arising in the Cicatrix of a Burn.
(Museum, Middlesex Hospital.)

Course.—The primary ulcers when left to themselves may extend

and involve extensive tracts of tissue, or fungate and form huge
granulating cauliflower-like growths. In either case the superficial

parts are continually being cast off in a foul, foetid discharge

containing sloughs of tissue, cellular detritus, and blood. Any
vascular tissue such as skin, muscle, and mucous membrane, is

quickly infiltrated and destroyed ; even bone is rapidly eroded and
removed piecemeal. Cartilage resists invasion. This is seen in a
striking way in those instances where the pinna is the seat of
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epithelioma; the skin and soft tissues quickly disappear, whilst the

cartilaginous framework stands out prominently amidst the sur-

rounding ruin.

Epithelioma in whatever situation it occurs destroys life rapidly.

The quickness with which it ulcerates and overcomes all resistance

enables it to open up large blood-vessels should any lie in the way.

Hence death from haemorrhage is frequent ; when the tumour is

to
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Fig. 125.—Disposition of Epithelium in Epithelioma. The stroma is omitted-
(After Delepine.)

near the air-passages septic material is inspired and initiates

pneumonia.
Particular modes of death occur according to the situation of

the epithelioma, and it will be more convenient to consider them
when dealing with the disease in the various situations in which it

occurs than to attempt a summary of them here.

The three varieties exhibit different degrees of malignancy.

The burrowing variety rapidly kills, whilst warty epithelioma runs

much the slowest course ; each manifests its malignancy in the same
manner by infecting adjacent lymph glands, recurring after re-

moval, and occasionally by dissemination.

Lymph gland infection.—The rapidity with which lymph
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glands are infected is the most remarkable and dangerous feature

of epithelioma ; the large size the affected glands attain to in many
cases is often astonishing, and their enlargement stands in no rela-

tion to the size of the initial lesion, for an epithelioma 2 cm. square
or less, will lead to the formation of a gland-tumour as big as a
cocoa-nut. Such conditions are most frequently met with when the

tongue, lip, and scrotum are the seats of this disease.

The gland complication in epithelioma is always a serious

element of danger. When the cervical glands are enlarged they
interfere with the trachea and oesophagus ; they also become firmly

adherent to the sheath of big vessels, and as the glands break down
the ulceration not infrequently opens up the jugular vein or carotid

artery, and, in the inguinal region, the femoral vessels. A peculiarity

of glands infiltrated by epithelioma is the tendency they exhibit to

break down in the centre and form spurious cysts. This should be
remembered, for fluctuating glands associated with epithelioma does

not necessarily signify suppuration. When the skin becomes
implicated portions of the infected glands slough, and leave large

horrible gaps, from which a foul foetid discharge proceeds, whilst

the edges of the chasm produced by the sloughing continue to ex-

tend and involve the neighbouring tissues.

Dissemination.—It has already been mentioned that

secondary deposits are exceptional in epithelioma ; it cannot be said

that they are rare, but dissemination certainly happens far less

frequently, and never so extensively as in cancer. It is also note-

worthy that epithelioma is in some situations more liable to

disseminate than in others. For example, secondary deposits are

rarely met with when this disease attacks the larynx, and the

mucous membrane in relation with the mandible or maxilla, and the

oesophagus. The explanation sometimes offered of this peculiarity

is that epithelioma in these situations usually runs a rapid course,

and often destroys life so quickly that the period is too short to

allow of the formation of secondary nodules. This is inadmissible,

as in epithelioma of the scrotum dissemination is almost as

exceptional as when the larynx is attacked.

Treatment.—The principles on which surgeons rely for the

treatment of epithelioma are :—(1) Early and free removal of the

primary disease whenever it is in an accessible situation
; (2) when

adjacent lymph glands are enlarged they should be dissected out

coincidentally with the removal of the primary lesion; (3) when there

is recurrence, and the condition of the part admits, and the general

health of the patient is such as will permit an operation to be

performed with safety, the tumour should be excised.

The early excision of epithelioma is practised for two very

important reasons :

—

The earlier the diseased area is removed the greater the prospect

of eradicating the disease before it affects the adjacent lymph glands.

The extirpation of an epithelioma in its early stages is ofttimes

a very trivial proceeding; when allowed to extend, its complete

Q
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removal will demand a very extensive, difficult, and frequently a

dangerous operation, and often is an impossible task.

It is difficult to formulate rules for the operative treatment of

epithelioma and to decide what is, and what is not, justifiable

surgery. Every surgeon must be guided by individual experience.

It is exceedingly difficult to express collectively the effects of opera-

tion in eradicating this disease. The facts broadly stated stand

thus :

—

Tn a small proportion of cases the operation is of doubtful utility,

and in a few instances life is sacrificed in

... . > consequence of the interference.

On the other hand, a large number of patients

derive the greatest comfort, and their lives

are certainly prolonged.

In a small number of

instances an actual cure is

brought about. When an
epithelioma is removed and
there is no recurrence for

five years, the

indiv idual
may be re-

garded as
cured.

It will be

useful to rei-

terate here

that of the
three clinical

varieties of

epithelioma
the burrowing
form is not

only the most
malignant, but
givestheworst

results after

operation. The warty variety is not only the least malignant, but
affords the best results when excised.

It may be regarded as an axiom that in cases where operations

are performed for epithelioma, and, as far as could be judged, the

incisions were carried wide of the diseased tissues, a quick recurrence

of the disease, either in or near the cicatrix, or the subsequent

enlargement of the lymph glands, may be taken as an indication of

a high degree of malignancy, and, as a rule, the uselessness of further

operative interference.

The tumours often classed as columnar epithelioma, which are so

common in the intestine, especially the colon, are carcinomata, and
arise in, and exhibit, the structure of intestinal glands.

Fig. 126.—Microscopical Characters of an Ovarian Adenoma.
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3. Adenoma.

An adenoma may be defined as a tumour constructed upon
the type of, and growing in connection with, a secreting gland, but
differing from it in being impotent to produce the secretion

peculiar to the gland it mimics (Fig. 126). Occasionally adenomata
produce a perverted secretion, especially the rectal, uterine, and
pix)static species.

As regards seat, adenomata occur as encapsuled tumours in such

glands as the mamma, parotid, thyroid, and liver. In the mucous
membrane of the rectum, intestine, and uterus they are pedunculated.

A single adenoma may be present, but not infrequently two or more
exist in the same gland. In the case of the intestine, a score or more
may be present in the same individual. In size they vary greatly.

Some are no larger than peas, whereas in certain situations

—

e.g. the

mamma—an adenoma will occasionally attain to the dimensions of

a man's head, and in the case of the ovary, an adenoma weighing
forty pounds is no rarity ; in such the acini are usually distended

with fluid.

The effect of adenomata depends mainly upon the situations in

which they grow. The following statements are true for all :

—

When completely removed there is no fear of recurrence ; they do
not infect neighbouring lymph glands, nor give rise to secondary

deposits. When an adenoma causes death, it is in consequence

of mechanical complications, depending on the situation and size

of the tumour.
Although the distinguishing structural peculiarity of an adenoma

is the presence of epithelium disposed as in a secreting gland, the

connective tissue (stroma) entering into its composition must also be
taken into account. In many adenomata the epithelial element is

the most conspicuous ; in others the connective tissue is out of all

proportion to the epithelium, and occasionally preponderates to such
a degree that the tumour from some writers receives the misleading

name of " adeno-sarcoma." When the epithelium-lined spaces are

distended with fluid, the tumour is spoken of as a " cystic adenoma "

and sometimes as an " adenocele."

The species of adenomata are determined by the glands in which
they arise. The chief species are :—Mammary, sebaceous, thyroid,

pituitary, prostatic, parotid, hepatic, renal, ovarian, testicular,

gastric, intestinal, Fallopian, uterine. The peculiar pathological and
clinical features of each species of adenoma will be described in the

Article devoted to the particular organ in which it arises.

Very little is known as to the cause of adenomata, but there is

good reason to believe that many of them arise in detached and
isolated portions of secreting glands, to which the name "rests" has

been applied. Rests have been detected in connection with the

mamma, pancreas, liver, parotid, and thyroid glands ; and there can
be no doubt that, with the increased attention now being devoted to

this matter, many more examples will come to light. Perhaps the
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roost curious facts in relation with "rests
1
' is that they may remain

latent for years and then, without any obvious cause, suddenly take

on active growth and become formidable tumours.

Although all secreting glands are liable to adenomata, these

tumours are commoner in some glands than others. For instance,

adenomata are very common in the mamma, the ovary, and the

thyroid gland. They are fairly frequent in the intestine and

prostate, but rare in the liver and the pituitary body.
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Fig. 127.—Microscopical Characters of Mammary Cancer.

These tumours are met with in youth and adult life, and the

liability decreases with each decade after the thirtieth year. In
some situations—such as the intestine, parotid, and prostate gland

—the adenomata never attain large size, whereas in the ovary they

form the biggest tumours from which mankind suffers.

In the mamma and parotid gland adenomata never destroy life,

whereas an intestinal adenoma no larger than a walnut sometimes

leads to intussusception, and one the size of a cherrj^ in the prostate

will so obstruct the outflow of urine from the bladder as to lead to

grave and often fatal changes in the kidneys.

The huge adenomata of the ovary cause death from mechanical

causes alone, and this is true of pituitary adenomata. In one case a

tumour weighing fifty pounds may be accommodated in the belly
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with but little inconvenience ; in the other a tumour of the size of a
cherry leads to fatal pressure on the base of the brain.

4. Carcinoma (Cancer).

Carcinomata are tumours that always grow from pre-existing

gland tissue, and mimic the parent gland; but they differ from
adenomata in the fact that the structural mimicry is incomplete.

The epithelium, instead of exhibiting the regular disposition so

constant in adenomata, is, in the cancers, collected in the acini

and ducts in irregular clusters, or fills them so completely as to give

rise to the appearance of sections of epithelial columns when seen

under the microscope (Fig. 127).

As in the case of adenomata, the species of carcinomata depend
upon the relation of the epithelium to the stroma of the tumour.

Situation.—Carcinomata arise in every secreting gland that gives

rise to an adenoma ; but they are very common in some glands and
exceedingly rare in others ; indeed, those glands which are the most
frequently affected with adenomata are the most liable to carcinoma,

with the exception of the ovary. The chief species of carcinoma

are : Mammary, sebaceous, thyroid, prostatic, parotid, pancreatic,

hepatic, renal, gastric, intestinal, and uterine.

General characters.—Cancers are not encapsuled, but infiltrate

surrounding tissues and pass beyond the glands in which they

originate ; they are very prone to involve the superficial tissues,

ulcerate, and quickly infect the lymph glands in the near neighbour-

hood. A marked feature of carcinomata is their great tendency to

undergo degenerate changes and necrosis. The rapidity with which
the lymph glands are infected is due to the abundance of lymphatics

in most species of cancer.

Dissemination.—Cancers are exceptionally prone to become
disseminated ; the secondary growths may make their appearance
in any organ or tissue, and not infrequently in the bones. The
cancer grafts which give rise to these secondary nodules are trans-

ported by lymph and blood-vessels, and when these minute emboli

are lodged in suitable situations they multiply, giving rise to a

growth which, in its histological features, exactly resembles the

parent tumour. So faithful is this reproduction that the nature of

the primary tumour can often be correctly inferred from a micro-

scopic examination of a secondary nodule.

Indeed, few things in pathological histology are more surprising

than on examining a cancerous nodule in the shaft of a long bone

—secondary to rectal cancer—to find it present the tall columnar
epithelium so characteristic of intestinal glands.

The amount of dissemination varies greatly. In some cases

secondary deposits will be found only in the liver, whilst in another

and apparently identical case, in so far as the structure of the

tumour is concerned, secondary knots occur in almost every organ of

the body, including the skeleton.

Secondary deposits of cancers are not always so small as merely



486 TUMOURS.

to merit the name of knots, but form occasionally tumours of some
magnitude, and they may even excel in size the primary tumour.

The charactei'S, clinical and pathological, of particular species of

carcinoma are considered in connection with the organs in which
they arise.

Varieties.—It is necessary to mention here that the method
of dividing cancer into three varieties — scirrhous, encephaloid

(medullary), and colloid—is not only misleading, but has no structural

basis. It is also important to bear in mind that many misconceptions

have arisen from the circumstance that pathologists have been in the

habit of interpreting the structure of cancers from plane sections,

without in the least taking into consideration the relation of a given

section to the entire tumour. Hence a scirrhous cancer was said to

be composed of an alveolar nieshwork of fibrous tissue, the alveoli

enclosing epithelial cells. If, instead of drawing conclusions from one
or two sections selected haphazard, a number of consecutive sections

be taken, and a composite figure framed from them, it will at once

become clear that the alveoli are sections of glandular ducts and
acini filled with cells.

This fact is admirably illustrated in the case of rectal cancer

:

sections from this kind of tumour may take the form of closely-

packed cylinders, or of bays lined with epithelial cells encroaching

on a bed of delicate connective-tissue. When the sections are ex-

amined collectively, it will be found that the alveoli are sections of

greatly-enlarged intestinal glands filled with cells and cut in various

planes. What is true of the rectum holds good for cancer of other

secreting glands.

Cause.—Very little positive knowledge is available in regard to

the cause of cancer. To-day the prevailing opinion among those best

qualified to judge is that the disease depends on a micro-parasite,

which in all probability flourishes in glandular epithelium.

The micro-parasite does not belong to any of the known species

of bacteria or micrococci, but recent researches tend to show that

it probably belongs to those curious micro-organisms of which the

common amoeba is the type. At present the evidence is barely

more than hypothetical.

Although the active investigations carried on in bacteriological

laboratories during the past few years have done but little to remove
the cause of cancer from the domain of hypothesis, they have never-

theless strengthened the view that in its earliest stages cancer is a

local disease, and that prompt and complete removal whenever pos-

sible is the most satisfactory method of relief at present available.

The wisest observers differ in opinion as to the heredity of

cancer. It certainly is not contagious.

Every secreting gland is liable to become the seat of cancer;

nevertheless some glands are more prone to it than others. For

instance, the female mamma and the glands of the cervical canal

of the uterus are so liable to cancer that many thousands of women
die annually from this disease in these two situations in all civilised
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countries. Of the liability of savages to cancer nothing is known.
Cancer of the intestinal and gastric glands is common in both sexes,
but cancer of the prostate, thyroid, pancreas, and the glands of the
body of the uterus are exceptional.

Cancer in the restricted sense in which the term is here em-
ployed is unknown before puberty : it is very rare indeed, before
the age of twenty-five, but after that period it becomes common, and
increases with each decade of life. These facts are the reverse of
those observed in regard to adenomata.

Termination.—The modes by which cancer kills varies with the
situation of the tumour : thus
mammary cancer causes death
by implicating the pleura, or

by secondary deposits in the

lungs, brain, etc. Uterine can-

cer will induce death from
bleeding, or from nephritis or

uraemia due to implication of

the ureters ; or from peri-

tonitis. Cancer of the intestine

is usually fatal from intestinal

obstruction or peritonitis,

gastric cancer from stai-va-

tion and thyroid cancer from
suffocation.

GROUP III. DERMOIDS.

Dermoids are tumours fur-

nished with skin or mucous
membrane occurring in situa-

tions where these structures Fig

are not found under normal
conditions. They only possess

tissues and structures which naturally belong to skin or mucous
membrane. Dermoids may be arranged in four genera : 1, Seques-

tration dermoids ; 2, tubulo-dermoids ; 3, ovarian dermoids ; 4,

dermoid patches.

1. Sequestration dermoids.—The species of this genus arise

in detached or sequestrated portions of surface epithelium, chiefly

in places where, during embryonic life, coalescence takes place

between skin-covered surfaces.

The chief lines of coalescence in the trunk aie situated in the

mid-dorsal and mid-ventral regions, and extend from the external

occipital protuberance backwards along the spine through the peri-

neum (and scrotum in the male) forwards to the episternal notch.

Dermoids occur in any part of this extensive line.

In the face dermoids occur in connection with all the facial

fissures, including the nasopalatine. These temporary fissures are

128.—Dermoid at the Outer Angle of the
Orbit.
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liable to three defects directly associated with dermoids. They

may fail to close ; then such faults as hare-lip, cleft-palate, macro-

stoma, cleft-sternum, and spina bifida are the consequences, according

to the seat of failure. The clefts may close imperfectly and leave

complete or incomplete fistulae, which receive such names as post-

anal or coccygeal dimples, sternal dimples, mandibular fistulse, and

the like. A fissure may
to superficial appear-

ances close perfectly,

but a tract of epithe-

lium lies buried be-

tween the opposed and
coalescing surfaces

;

this buried skin or

epithelium may grow
and form a dermoid.

Sequestration der-

moids usually assume
a cystic form ; that is,

the skin forms the wall

of a central cavity,

which gradually en-

larges as the individual

grows, and becomes
occupied and distended

by the shed epithelium,

hair, and products of

the glands occupying

the skin lining the cyst.

Hair, sebaceous and
sweat glands are usually

present. Teeth are ex-

cessively rare in this

genus of dermoids.

Exceptionally, dermoids take the form of solid tumours, the skin

clothing the exterior ; still more rarely they are pedunculated.

Dermoids arising in fissures are very common near the angles of

the orbits, especially the outer angle (Fig. 128), and are not un-

common in the pinna or auricle : they are fairly common over the

lumbo-sacral vertebrae, where they are apt to be mistaken for spina

bifida (Fig. 129). Some have been reported in relation with the

anterior and posterior aspect of the sternum (Fig. 130). They also

occur in relation with the middle line of the scrotum, and are often

reported as testicular dermoids.

An important species of sequestration dermoid arises in connec-

tion with the scalp. In the embryo the scalp and the dura mater
are in contact ; later the cranial bones interpose and separate

them. Pieces of the scalp may be retained in connection with the

dura mater, and, acting as tumour-germs, may grow into dermoids.

Fig. 129.—Dermoid simulating Spina Bifida in an Adult.
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These tumours may lie in depressions in the bones and project the
scalp, and be mistaken for sebaceous tumours, or even meningoceles
if they grow, as they are apt to do, over a fontanelle and receive
pulsation from the brain. Exceptionally, they project on the cere-
bral aspect of the dura mater, and lead to fatal compression of the
brain. Dermoids of this kind have several times been observed
in relation with the tentorium cerebelli.

Implantation cysts It is a recognised fact that der-
moids do not occur in the limbs, but certain small tumours are
occasionally observed in the hands and fingers, which have
been described as dermal cysts, sebaceous cysts, or digital der-
moids.

In structure

these tumours
present a central

cavity containing

epithelial debris

and a lining of

skin ; indeed,

when examined
microscopically,

they appear " as

if a piece of skin

had been inverted
into the subcu-

taneous tissue
"

(Shattock). These
tumours are
known as " im-

plantation cysts,

"

as there is every

reason to believe

that they are

producedby small

pieces of skin ac-

cidentally trans-

planted by in-

jury, especially

pricks by sharp

instruments, such
as awls, needles,

forks, etc. They
also occur in

cicatrices. Implantation cysts are usually of the size of cherry-

stones, but they may reach the size of bantam's eggs.

These tumours are not confined to the limbs ; they have been
observed on the trunk, scalp, and face. Yery many examples
have been reported in the cornea and iris, the results of punc-

tured wounds, injuries and operations on the eyeball. Detached
Q*

Fig. 130.—Dermoid situated over the Junction of the Manubrium
and Gladiolus ; there is a dermoid over the left cornu of the
hyoid bone. (After Bramann.)
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conjunctival epithelium and eyelashes carried in and transplanted

on the vascular iris may grow into tumours.

2. Tubulo-dermoids.—There exist in the human embryo certain

canals and passages, many of which normally disappear befoi*e birth.

Three of these obsolete canals—the thyro-glossal duct, the branchial

clefts, and the post-anal gut—are occasionally the source of dermoids.

Lingual dermoids, especially those situated between the genio-

hyo-glossi muscles and attached to the hyoid bone, doubtless arise in

persistent portions of the buccal extremity of the thyro-glossal duct.

Dermoids situated deeply in the substance of the tongue have been
frequently mistaken for sebaceous cysts. They sometimes attain

very large proportions, and bulge from the mouth. Occasionally,

dermoids arising in the lingual segment of the thyro-glossal duct are

structurally identical with the thyroid gland ; they are known as

thyroid-dermoids.

Rectal dermoids.—It must be borne in mind that dermoids
are occasionally found hanging by pedicles from the mucous mem-
brane of the rectum ; others, sometimes of large size, grow between
the rectum and the anterior face of the sacrum ; these are known as

post-rectal dermoids. There is a third species, which occurs as a large

massive tumour projecting from the sacro-coccygeal region, and in

structure closely resembling thyroid gland tissue.

There are good reasons for the belief that post-rectal dermoids,

and those congenital sacro-coccygeal tumours situated anterior to the

coccyx and sacrum, arise in the post-anal gut of the embryo.
Branchial dermoids.—These arise in persistent portions of

the branchial clefts. These tumours are always congenital and are

usually situated beneath the deep cervical fascia. Like congenital

(lateral) cervical fistula, they always project in front of the anterior

border of the sterno-mastoid muscle. Those arising in connection

with the deep parts of the second cleft may bulge in the mouth
between the genio-hyoid and genio-hyo-glossi muscles. They must
not be confounded with dermoids arising in persistent remnants of

the glossal portion of the thyro-glossal duct.

Tubulo-dermoids, apart from their mode of origin, differ from
the sequestration genus in the following points :

—

(a) They often

attain very large proportions
; (6) exhibit a more complex structure

;

(c) and not infrequently contain teeth.

3. Ovarian dermoids.—These tumours differ from other genera

of dermoids on account of their mode of origin and the greater

variety of dermal structures they contain.

It is from the epithelium lining the ovarian follicles that the

mucous membrane, skin and dermal structures are derived, which
constitute such an extraordinary feature in the majority of ovarian

dermoids.

Ovarian dermoids not only differ from the sequestration and
tubulo-dermoids in their complexity, but also in the greater develop-

ment of the dermal structures they contain. Thus, in ovarian

dermoids hair is longer and more abundant ; and has been known to
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reach a length of five feet. Skin glands of all varieties are Inrge,
abundant, and often very active—even mammary glands occur.
(Fig. 131). Teeth to the number of four hundred have been
counted ; horn, nail, and epithelial pearls are not uncommon.

Fig. 131.—Ovarian Dermoid containing a Mamma.

It is a fact to bear in mind that all genera of dermoids except

the ovarian are congenital. There is no reliable evidence of the

existence of an ovarian dermoid in a child under a year.

The characters of the dermal elements are not influenced by the

age at which the tumour occurs except in the matter of hair.

Although the colour of the hair is independent of that on the exterior

of the individual, it loses its colour and becomes shed in advanced age.

Teeth develop at all ages ; fully-developed ovarian teeth will be found
in children four years old, and developing teeth in women at forty.
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It is impossible to enter into a full consideration of the varieties

exhibited in the contents of these extraordinary tumours, but some
further details and illustrations will be given in the Article devoted

to the ovary (Art. LIIL, on Injuries and Diseases of the
Female Genital Organs, Vol. II.). Neither is it necessary to discuss

seriously the guesses at the nature of ovarian dermoids conveyed in

such expressions as parthenogenesis and hypererchesis, or such

phrases as excess of formative energy, inclusion of surface epiblast, etc.

Dermoids are occasionally found on the omentum, mesentery,

peritoneum, and under surface of the liver ; these are due to

transplantation and detachment, and to epithelial infection from
ovarian dermoids.

4. Dermoid patches.—Under this heading is included the pig-

mented hairy patches known as " moles " and especially those which
are occasionally found on the conjunctiva. Hairy moles, whether
situated on skin or conjunctiva, possess sebaceous and often sweat

glands. They are very vascular. The most striking histological

feature of a mole on the skin is that the tissue underlying it is often

similar to that of an alveolar sarcoma. (See page 468.)

GROUP IV. CYSTS.

Cysts result from the abnormal dilatation of pre-existing tubules

or cavities. In the simplest forms they consist of a wall usually

composed of fibrous tissue, but not infrequently mixed with plain

muscle-fibre. The cyst contents may be mucus, bile, saliva, etc.,

according to the nature of the organ with which the cyst is

associated. Cysts may be arranged in four genera :—1, Retention

cysts ; 2, tubulo-cysts ; 3, hydroceles ; 4, gland cysts.

1. Retention cysts-—When the duct of a gland becomes
obstructed, the secretion, hindered from escaping, accumulates in the

ducts and acini and dilates them. If the obstruction be maintained
or oft repeated the gland tissue becomes impaired, then atrophies

;

finally, the gland and its duct are converted into a fluid-containing

sac or cyst.

It is generally believed that when the duct of a gland is com-
pletely obstructed the conversion of the parts into a cyst is a passive

process ; this, however, is not the case. When an excretory duct is

so completely obstructed that no secretion escapes, then the gland

rapidly atrophies. Retention cysts are due to obstruction to the

free flow of secretion, or temporary arrests of the flow frequently

recurring.

The purest forms of retention cysts arise in connection with

hollow organs, the inner walls of which are provided with glands.

The chief species of retention cysts are hydrometra, hydrosalpinx,

hydronephrosis, and hydrocholecyst.

Any of these cysts may, and often do, reach very large proportions

and endanger life, not only by interfering with the due performance

of the functions of the organs in which they arise, but the large size

some of them attain to causes them to interfere with adjoining
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viscera and to encroach on the thorax by displacing the diaphragm.
In addition, the contents of these sacs often consist of highly
albuminous material, and should septic organisms gain access to it,

either from without or in consequence of adventitious communi-
cations with hollow viscera, especially intestine, suppuration with all

its attendant evils will be the consequence.

This change is expressed by slightly altering the name ; thus a
hydrometra becomes a pyometra, and a hydrocholecyst becomes
a pyocholecyst, and so on. It must be remembered that a dilated

renal pelvis, or an abnormally large gall-bladder, or a distended

Fallopian tube, may have contained pus from the outset of the trouble.

2. Tubulo-cysts.—This genus includes cysts arising in function-

less ducts. These ducts belong to structures which were useful to the

embryo

—

e.g. the vitello-intestinal duct and the urachus. Others, like

the parovarium and Gartner's duct, are serviceable in the male, but,

so far as we know, useless in the female. Functionless ducts must
not be confounded with obsolete canals. (See page 490.)

This genus contains six species :—Cysts of the vitello-intestinal

duct, allantoic (urachus) cysts, cysts of the paroophoron, cysts of the

parovarium, cystic disease (adenoma) of the testis, cysts of Gartner's

duct.

3. Hydroceles.—These consist of excessive accumulation of

fluid in the peritoneal diverticula which accompany the descent

of the testis in the male, the round ligament of the uterus in the

female, hernial sacs, and the occasional ovarian pouch.

There are four species :—hydrocele of the tunica vaginalis,

hydrocele of the canal of Nuck, hydrocele of hernial sacs, hydrocele

of ovarian sac.

4. Gland cysts.—This genus includes cysts arising in connec-

tion with the salivary glands and those of similar construction,

such as the lachrymal and pancreatic glands. Thus it comprises

those to which the term ranula is often applied, and dacryops.

There is a strong tendency to restrict the term ranula to cystic

dilatation of the ducts of the three sets of salivary glands, and to

designate them as submaxillary, sublingual, and parotid ranulse.

If surgeons would use the term in this definite sense, much
unnecessary discussion would be saved.

In the majority of cases ranulse are probably retention cysts due
to obstruction of a duct. They are common in connection with the

submaxillary and sublingual glands. The cysts are, as a rule,

thin-walled, and lie in the furrow between the gum and the tongue,

and bulge upwards into the floor of the mouth. When large they

cause a prominence in the submaxillary triangle. The cyst may be

filled with saliva. Sometimes it contains mucus and a yellow

substance resembling the yolk of an egg.

Occasionally the obstruction is caused by a calculus impacted in

the orifice of the duct, but cases come under observation in which
the duct is not completely obstructed, yet the fluid is retained. It is

reasonable to believe that ranulse sometimes arise independently of
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obstruction to the main duct, and, as in the case of pancreatic

ranulse, observation supports the view that there is a pathological

cause apart from mere obstruction concerned in their production.

Parotid ranulse are very rare.

Dacryops, cystic dilatation of the ducts of the lachrymal gland,

are exceedingly rare.

Cystic dilatation of the duct of the pancreas

—

pancreatic ranula

—is a common condition, and is rarely a source of trouble ; but it

must not be confounded with those large extravasations of pancreatic

fluid and blood behind the peritoneum or in the lesser sac of the

peritoneum which so frequently follow severe injuries to the belly.

Pseudo-Cysts

There are conditions often classed as cysts which may, with

greater propriety, be arranged in a sub group under the title pseudo-

cysts. This sub-group contains four genera:—1, Diverticula; 2,

bursse ; 3, neural cysts ; 4, parasitic cysts.

1. Diverticula.—The name diverticulum is used to denote

hernia or protrusion of the lining membrane of a cavity through a

defective spot in its walls. Such protrusions occur in the pharynx,

oesophagus, intestines, bladder, larynx, and trachea.

When such protrusions occur in connection with joints, they are

termed synovial cysts and, in the case of tendon sheaths, ganglia.

Localised projections of the meninges of the brain or spinal cord

beyond their bony coverings are referred to as meningoceles.

2. BurS88.—Where muscles and tendons glide over osseous

surfaces, or in situations where skin lies in contact with bony
prominences, membranous sacs filled with glairy fluid occur; these

are bursse. Many of them are constant structures, e.g. the pre-

patellar and olecranon bursse. Others are due to pressure resulting

from habit or particular occupations, and may arise in any situation

where the skin is subjected to intermittent pressure combined with

friction.

Most subcutaneous and many subtendinous bursse arise after

birth. When a subcutaneous bursa attains an abnormal size, it is

invariably due to unusual pressure associated with particular occu-

pations. For instance, too much kneeling on hard material, whether
in housemaids, devout persons, or carpet-layers, produces the familiar

prepatellar bursa ; repeated blows on the elbow produce the miner's

bursa ; from carrying weights on the shoulder porters are liable to

acquire a bursa over the acromial end of the clavicle ; tailors from their

cross-legged habit of sitting are sometimes troubled with one over

the external malleolus ; whilst weavers and lightermen, from pro-

longed sitting on hard seats, suffer from enlargement of the bursse

over their ischial tuberosities ; soldiers, when sleeping too frequently

on the hard floor of the guaixl-room, irritate those over their greater

trochanters ; the pressure of ill-fitting boots develops a bursa over

the enlarged head of the metatarsal bone of the hallux. When



PSEUDO-CYSTS. 495

associated with partial dislocation of the first phalanx it is known
as a bunion, and bursa? are quite common on the ends of ampu-
tation stumps.

A bursa is often present between the body of the hyoid and the

thyro-hyoid membrane ; sometimes it is as large as a ripe cherry.

Bursse are liable to inflame, a process that may lead to suppura-

tion, or stop short of that condition and become chronic or recurrent,

and lead to secondary changes in the wall of the sac, so that its

cavity becomes almost obliterated. A chronically-inflamed bursa

sometimes attains the size of a fist, especially the prepatellar and
ischial varieties. An enlarged prepatellar bursa sometimes rapidly

thickens and its cavity becomes obliterated in the syphilitic.

3. Neural cysts.—This genus includes those abnormal con-

ditions of the brain known as meningoceles and encephaloceles or

their combinations, and dilatations of the ventricles included in the

term hydrocephalus. Also the malformations of the spinal cord and
membranes comprised in the name spina bifida.

4. Parasitic cysts.—-This genus will include echinococcus

cysts and colonies, and the cysticercus stage of taenia solium occasion-

ally met with in man.

Summary.
Cysts.
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1. Retention cysts.
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Hydronephrosis.
Hydrocholecyst.
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Vitello-intestinal.
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Paroophoronic.

Parovarian.
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3. Hydroceles

4. Gland cysts
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2. Bursa) ...
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4. Parasites
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Hydrocephalus.
Spina bifida.

Hydatids, etc.



XXIII. INJURIES OF BLOOD-VESSELS.

By A. PEARCE GOULD, M.S. Lond., F.R.O.S.,

Senior AssistantJSurgeon to the Middlesex Hospital.

c
In this Article will be considered the various points connected with

the injuries of blood-vessels and their repair, and also the questions

connected with the most constant and important result of these

injuries—haemorrhage.

I. INJURIES OF ARTERIES AND
VEINS.

Injuries of arteries may be caused by any
kind of contusion, laceration, or wound ; but
as the effects of the various forms of injury

differ in important particulars, they must be

considered separately.

1. Contusion and subcutaneous rupture
of arteries.—Contusions are often subcutaneous
injuries. They are produced by blows, severe

crushes of a part, stabs with blunt weapons,

and bullets travelling at a low rate of velocity.

As the contusing force varies in intensity within

wide limits, the effects produced upon an artery

are very diverse.

In the slightest cases there is no obvious

lesion of the vessel, although examination with

the microscope may reveal minute tears in the

muscular coat. The chief effect of this slight

injury is to lead to proliferation of the endo-

thelium. This is followed by coagulation of

the blood within the vessel (thrombosis) and
permanent obliteration.

A more severe contusion tears across more
or less completely the two inner coats of the

vessel, the tough and elastic outer coat remain-

ing intact (Fig. 132). On the uneven surface

of the outer coat and the curled-up ends of the inner coats the blood

usually quickly coagulates, and the vessel is occluded. But the force

of the circulation may produce two other effects : it may over-distend

Fig. 132.—Contusion of

Artery, showing rup-
ture of inner coats and
coagulum on each side

of the injury.

A, Curled up ends of inner
coats.
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and rupture the thin tunica adventitia and lead to external
haemorrhage or a traumatic aneurysm, or it may strip up the
divided inner coats and fold them down like a valve, or even
invert them as a complete tube within the vessel. These effects

are well seen in the accompanying drawings of specimens in the
Middlesex Hospital Museum (Figs. 133, 134).

Still more severe contusion severs all the coats of the vessel,

producing its so-called rupture. Owing to

the curling up of the inner coats, and to

the outer coat being drawn out, frayed, and
falling over the end of the vessel, coagulation

of the blood may rapidly occur, and even in

the case of large arteries there may be little

or no hemorrhage. But if the ends of the rup-

tured artery are not thus closed at once, blood

escapes from one or both of them ; and if the

rupture be subcutaneous, the blood infiltrates

the cellular tissue of the part, often spreading

for a great distance, and producing great

tension of the parts, which interferes with
the venous circulation and with the anasto-

mosing arteries, so that gangrene quickly comes
on. (See also page 1 42. ) The discoloration of

an ordinary bruise is due to the escape of blood

from small vessels which have been ruptured by
the contusion.

Contusion of an artery may have two other

serious effects. It may so impair the vitality

of the arterial wall, and lessen thereby its

power of resisting the influences of micro-

organisms, that if the surrounding tissues are

infected, septic arteritis quickly ensues, and
runs on to ulceration and sloughing of the

vessel with great danger of secondary hemorr-
hage. The contusion may also destroy the

vitality of the outer coat without severing it,

and the separation of the dead from the living

part of the vessel is attended with the dangers

of traumatic aneurysm and hemorrhage.
The effects of contusion of an artery, therefore, are very varied.

The most frequent result is occlusion of the lumen of the vessel by

blood clot and displaced portions of the coats, with the risk of

gangrene from diminished supply of blood. The division of the

coats of the vessel causes the weakening of the artery and a lessened

power of resisting the blood pressure, which may result in aneurysm

or hemorrhage. The impairment of the vitality of the vessel intro-

duces the dangers of sloughing and ulceration, with the probability

of secondary hemorrhage.

Symptoms.—Contusion of an artery can only be recognised

Fig. 13?..—Contusion of

an Artery, showing the
division of the inner
and middle coats and
the curling up of these
severed coats within
the artery. (Middlesex-

Hospital Museiim.)



198 INJURIES OF BLOOD-VESSELS.

during life by its secondary effects—arterial obstruction, gangrene,

aneurysm, or secondary haemorrhage. Thus, if a contusion be

immediately followed by loss of pulsation in the artery at the place

struck, division of its inner coats, at any rate, with thrombosis, may
be inferred ; and, if these symp-

toms be delayed for some hours,

the slighter degree of contusion

with thrombosis may be diag-

nosed. As a striking example,

the following case recently in the

wards of the Middlesex Hospital

may be quoted. A man struck

his right groin against the corner

of a table ; a very slight bruise

was found by the house-surgeon

exactly over the upper part of the

common femoral artery. Strong

pulsation could be felt in the iliac

artery above this point, but it

ceased abruptly at the seat of in-

jury. When he left the hospital,

in three weeks' time, pulsation had
returned in the superficial femoral

and tibial arteries, but the com-

mon femoral was a firm pulseless

cord. The exact limitation of the

injury in this case to the con-

tusion and permanent obliteration

of a short length of the common
femoral artery made the case a

very striking and valuable one.

The effect of this obstruction upon
the parts supplied by the artery

depends upon the vessel involved

and the other injuries sustained ;

in the worst cases gangrene ensues

in others the local ansemia is more
or less rapidly recovered from. (See

page 534. ) If an aneurysm develop

quickly after a blow upon an

artery, and at the point struck,

this maybe attributed to the effects

of contusion of the artery. If, again, secondary hsemorrhage ensues

upon a contusion, and the blood flows from a vessel which did not
bleed at the time of the injury, it is to be regarded as due primarily

to contusion of an artery.

Subcutaneous rupture of an artery is recognised by sudden
pallor, coldness, and benumbing of the limb beyond the rupture, and
by the ranid formation of a tense swelling about the seat of rupture.

Fig. 134 — Subcuta-
neous Rupture of
the Aorta. (Mid-
dlesex Hospital
Museum.)

Arti ry laid open, showing the coats intact

;

B, unruptured outer coat, very [bin, with
a thin layer of clot(o) adherent to it ; d,
left common iliac artery, coats entire; E,
right common iliac artery, plugged with
the inner and middle coats of the aorta
which have been detached and forced into
the artery.
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This swelling, as a rule, has no pulsation, but when very tense a

slight pulsation may be detected by it ; as a rule, too, there is

neither bruit nor thrill ; both may, however, be present. The
swelling rapidly increases, is usually acutely painful, but the local

heat is not increased. The arteries beyond the rupture are pulse-

less, and the tissues here become oedematous, livid, and cold, and if

the condition be not relieved moist gangrene results. The patient

may also show the signs of considerable haemorrhage—pallor, weak-
ness, and a rapid, feeble pulse.

Treatment.—Where, as the immediate or later result of con

tusion, an artery is obstructed by a thrombus, the treatment is directed

to maintaining the vitality of the parts rendered anaemic. They must
be kept at rest, warm, and protected from all constriction, pressure

and other injury. If the anastomotic circulation is established,

nothing else is required : if, however, it fails—owing to contusion of

the collateral vessels, as well as of the main trunk, or to disease

of these vessels—and gangrene ensues, amputation at the level of

the obstruction in the artery should be performed as soon as the

patient's general condition permits of it.

In cases of contusion and obstruction of a large artery such as

the common femoral or axillary, when an entire limb is bloodless,

there is sometimes considerable shock for some hours after the

accident, which may even prove fatal. In the case of contused

wounds great care must be taken to render the parts aseptic and
to secure rapid healing by first intention. The patient must be
closely watched for the first appearance of secondary haemorrhage,

which must be arrested by ligature of the artery above and below
its contused area.

Where an artery has been severed by crushing or tearing, if its

ends are closed it should not be ligatured or twisted ; but if any
haemorrhage is occurring from either end, that end should be care-

fully tied. Special care should be taken to examine the distal end
of such a vessel. Some advise that an obviously contused artery

which remains patent should be at once subjected to the double
ligature without waiting for bleeding to occur. The cases in which
the diagnosis can be made before haemorrhage occurs are very few.

When an artery is ruptured subcittaneously the principles of

treatment are the same. Thus, if there is no subcutaneous haemorr-

hage, the surgeon's efforts are all directed to maintaining the vitality

of the anaemic parts until the anastomotic circulation is established.

Should this fail, amputation at the seat of rupture must be per-

formed. If blood is escaping from either end of the ruptured artery

the surgeon must cut down upon it, turn out all the effused blood,

and ligature both ends of the vessel. Supposing that there has

been a considerable extravasation of blood from the wounded artery,

but the haemorrhage from it has ceased, an incision to turn out the

clots must be made, because these clots form a serious obstruction

to the venous return from the parts beyond, and may even impede
the establishment of the arterial anastomotic circulation. In either
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case the clots may lead to gangrene, and it is to prevent this that

they should be removed at once. When gangrene lias occurred,

a amputation is the only course open. (For

the treatment of traumatic aneurysm see

page 632.)

2. Laceration of arteries.—It is well

known that lacerated wounds are attended

with very little, if any, haemorrhage, and for

this reason an ecraseur is used in certain

operations upon vascular tissues. When an
artery is torn across, the brittle inner and
middle coats quickly snap and curl up within

the artery, and on them a clot forms. The
outer coat is drawn out and stretched beyond
the degree of its elasticity, and then breaks,

leaving a frayed end to fall over the end of
'

by Tearing^
S6Vere

the artery (Fig. 135). Such vessels often
a, The unopened vessel, showing protrude beyond the general surface of the
the frayed-out [outer coat over • •> °

.

the end of the divided inner wound, and then they can be seen pulsating
coats ; B, the artery laid open, •> r °
showing the clean-cut inner almost to their extremity.

Avulsion of the entire

upper limb with the scapula has occurred more
than once from the hand getting caught in revolv-

ing machinery ; even in such an extensive wound
as this there may be no bleeding.

The only direct treatment for a lacerated artery

which has ceased to bleed is to keep the part at rest

and secure aseptic repair. If the artery is bleeding,

it must be tied. Watch must be kept upon the

patient that, if secondary haemorrhage occur, it

may be arrested and treated at once.

3. Punctured wounds of arteries.—Punc-
tured wounds of arteries form an extremely im-

portant class of injuries, for while of apparently

trivial nature, their consequences are often very

grave. They are generally produced by stabs and
punctured wounds of various kinds, occasionally by
the surgeon in operating. Pins and fish-bones

have been known to transfix the oesophagus and
pierce the thoracic aorta, and cause fatal haemorr-

hage. In fractures, sharp fragments of bone may
pierce a neighbouring artery, and in removing a

sequestrum from the femur its sharp point has

been known to puncture the popliteal artery. A
fine clean needle may be passed through an artery

without any ill-effect.

Effects.—The disastrous consequences of a

punctured wound of an artery are due in the first place to the fact

that the clot in the puncture does not project into the artery and

of
136. — Diagram
a Punctured

Wound of an
Artery, showing1

the blood-clot (a)

occupying the
puncture, overlap-
ping it in the
sheath of the
artery andproject-
into but not obliter-

ating the lumen of

the artery.
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occlude it. The flow of blood through the artery, therefore, is uninter-

rupted, and the full blood pressure continues to be exerted upon the

puncture all through the process of healing. The clot that forms in the
puncture is supported, however, by a clot outside the artery in its

sheath (Fig. 136). When the blood pressure rise's during recovery from
shock, duringmovement or excitement, or from the effects of stimulants,

it often displaces this clot and causes a renewal of the haemorrhage.

Another very important fact is that punctured wounds of

arteries are often deep wounds, and are very liable to be oblique :

the blood which escapes from the artery does not find a ready

exit, and it accumulates in the tissues, coagulates there, and, the

haemorrhage still continuing, a traumatic aneurysm is formed. (See

page 629.) In these cases, too, the surgeon is liable to close the

external wound with his dressings without arresting the escape of

blood from the artery, and the blood, collecting in the tissues,

produces an aneurysm. The third element of danger arises from
the risk of infection of the wound in the artery, either from the

puncturing body or from secondary infection of the deep, irregular,

oblique, ill-drained wound.
The effects of a punctured wound of an artery, therefore, are

haemorrhage, which is very prone to recur owing to displacement of

the clot (intermediate haemorrhage), traumatic aneurysm, and septic

arteritis leading to secondary haemorrhage. Where the companion
vein is punctured at the same time as the artery, arterio-venous

aneurysm may result. (See page 633.)

Treatment.-The only reliable treatment of a punctured
wound of an artery is the aseptic ligature of the vessel above and
below the puncture. This should be carried out at once, and for

this purpose it is generally necessary to enlarge the wound. If the

companion vein is found punctured, it, too, is to be tied if the

haemorrhage continues after the artery is secured. Pressure with a

graduated compress or pad and bandage has often been employed,

and its results have, as a rule, been disastrous, owing to the forma-

tion of an aneurysm or to recurrence of the bleeding. If the pres-

sure is sufficiently firm to arrest the flow of blood through the

artery until the puncture is firmly healed, it may be successful. (See

also page 513.)

4. Incised WOlinds Of arteries.— Incised wounds are the

most frequent of all wounds of arteries ; they are characterised

by the excessive haemorrhage they occasion. If the wound in the

artery is longitudinal, it gapes but little, and chiefly during the

ventricular systole; its healing may take place quickly. If the

wound is transverse to the long axis of the artery, it gapes widely,

and when it involves more than half the circumference of the

vessel the retraction of the divided part makes a very large

opening in the vessel. An oblique wound in an artery is inter-

mediate in character (Fig. 137). When an artery is completely

divided across, its ends contract and retract within its sheath, as

will be more fully described when we speak of the natural arrest of
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hsemorrhage. Non-penetrating wounds of arteries are very occa-

sionally met with. The outer coat, or the outer and middle coats

only, may be severed, but in these cases the inner coat subsequently

gives way ; it is said to form a hernial swelling before it yields. A
wound with a blunt knife has been known to divide the inner and
middle coats without severing the tougher outer coat.

Effects.—A longitudinal wound and a transverse one not

exceeding one-fourth of the circumference of the artery, heal—if at

all—without occluding the lumen of the vessel ; they are, therefore,

in this respect like punctured wounds, and, like them, liable to

frequent repetitions of the hsemorrhage from displacement of clot,

and rupture of the forming cicatrix. If the wound down to an
artery is oblique, or is

closed by the treatment
employed, blood may escape

into the tissue about the

incised artery, and an
aneurysm form.

The great symptom of

these wounds is free ex-

ternal hsemorrhage. In the
case of the largest arteries

this is quickly fatal; in

vessels of smaller calibre

the fatal result is longer

delayed, and may be pre-

vented by coagulation of

the blood when syncope
occurs ; even small arteries,

when incompletely severed

and unable to contract and
retract, may be the source of very grave hsemorrhage. When the

main artery of a part is widely opened, the tissues it supplies are

rendered more or less completely bloodless, and its branches pulse-

less; the degree to which this follows depends not only upon the

size of the wound in the artery, but also upon the presence or

absence of other channels of supply to the part.

Treatment.—A completely-divided artery should be twisted

or tied if blood is escaping from it ; and this applies with special

force to the distal end of the artery. In all cases of incomplete

division of an artery—independently of the actual occurrence of

hsemorrhage—the treatment is to ligature the artery above and
below the wound in it, and divide the vessel between the two liga-

tures. The continuance of the stream of blood through an artery,

which is the seat of a lateral wound, exposes the patient to serious

danger, and should always be avoided.

The important points to be specially borne in mind in the

treatment of injured arteries are:— (1) To secure the total occlu-

sion of eveiy wounded artery ; no attempt must be made to obtain

ABC D
Fig. 137.

A, Longitudinal wound of an artery; B, oblique wound
ol an artery; C, transversp wound of artery, extending
about one-quarter of the circumference; D, transverse
wound extending more than half across the artery.
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healing of the wound in the vessel without obliteration of its

lumen.

(2) When nature has closed the end of a divided artery, the

surgeon should not interfere with it.

(3) Every open artery—proximal or distal end—should be closed

as quickly as possible.

(4) All obstructions to the circulation through other than the

injured vessels should be carefully removed.

(5) Gangrenous parts should be removed at the level of the

injury to the artery.

5. Gunshot wounds Of arteries.—These injuries are rare in

civil practice, but are a very frequent cause of death in warfare.

(See page 240.) A bullet may cause contusion of an artery of any
degree of intensity, or it may completely sever a vessel, and in certain

situations such an injury involves a great risk of gangrene, especially

if the companion vein is also wounded and subsequently tied. The
special lesions caused by bullets ai^e two : one is the scooping out of

a portion of the circumference of an artery, and the other is the double

perforation of a large artery, the projectile passing quite through it.

Portions of clothing and accoutrements may be carried by a bullet

into the deep parts of a wound, and even into the injured vessel and
act as a plug, so that there is no haemorrhage until these foreign bodies

are removed. Such wounds are often very deep, and the arteries

involved inaccessible, while the risk of complication with other

injuries, such as fracture of bone, wound of vein, nerve, joint, or

viscus, and the danger of wound-infection from foreign matter
carried in with the bullet or from extension from the contaminated
surface of the wound, are very great.

The treatment of gunshot wounds is discussed elsewhere (page

247). Gunshot wounds of arteries must be treated like other injuries
;

foreign matters should all be carefully removed
;
partially-severed

vessels should be secured by double circular ligatures; completely-

severed arteries should be tied if bleeding. The utmost care

should be taken to render, and to keep, the part aseptic. Where
it is certain, from the nature of the injury, that a useful limb cannot
be obtained, primary amputation should be practised. If gangrene
occurs, amputation should be at once performed at the level of the

injury to the artery.

6. Injuries Of veins.— These lesions are produced by the

same forms of violence as injuries of arteries. Contusions of

veins lead to coagulation of the blood within them; when more
severe, death of all the coats of the vein is caused, with thrombosis

;

this occurs in severe crushes of parts, such as are followed by
local gangrene. Owing to the lower blood pressure within the

veins, the danger of dilatation of the vessel or of haemorrhage

—

primary or secondary—is very much less than in contusion of

arteries.

lacerations occur where limbs or parts of limbs are violently

torn off, and in the reduction of dislocations, especially when these
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are of old standing. Laceration may completely occlude a vein as

an artery, but, owing to the smaller amount of elastic and muscular
tissue in its walls, a torn vein may continue to bleed when its

companion artery is completely closed. Thus it happens that very
extensive and even fatal haemorrhage may occur from a subcutaneous
laceration or rupture of a vein. In certain situations the veins are

unable to collapse, owing to their walls being adherent to rigid

structures, e.g. the cranial sinuses and the hepatic veins ; and from
these veins furious haemorrhage may occur.

Wounds of veins are of frequent occurrence, and if they involve

deep and large vessels they are very serious injuries. Owing to the

low pressure of the blood in the veins, and to the tendency of divided

veins to collapse, the haemorrhage is less rapid than it is from
wounds of the corresponding arteries. For this reason, also, it is

easy and safe to arrest venous haemorrhage by external pressure.

TvejatsisesBt.—Wherever possible injured veins should be allowed

to heal without obliteration of their lumen; lateral wounds and punc-

tures should be closed by a lateral ligature, and as the blood-pressure

is so little, pressure may be safely employed to occlude veins. The
cardiac end of a divided vein need only be ligatured when it is in

the " dangerous area," or above valves so that air may be drawn in

or blood escape from it. When the main vein of a limb has to be

tied, the main artery, if not wounded, should not be also tied in

order to prevent the occurrence of moist gangrene. Indeed, the

chance of gangrene is increased when the vis a tergo of the circula-

tion is diminished at the same time as an obstruction is placed to

the venous return from a part. Where both vessels are wounded,
both should be tied, if the wound in the vein is more than a small

puncture.

7. Entrance Of air into veins.—This is a rare accident. The
suddenness with which it occurs and its alarming and often fatal

consequences invest it with special interest and importance. Experi-

ments on animals have shown that a small quantity of air may be

injected into a vein without ill-effect, .and, provided the injection is

carried out very slowly and gradually, even a large quantity of air

may be introduced without the disastrous consequences that ensue

from the sudden entrance of a smaller amount.

Causes.—In the large veins near the heart there is negative

blood pressure, the blood being drawn towards the right auricle by
the aspiratory effect of inspiration. This negative pressure is at its

maximum in the intra-thoracic veins and in those at the root of the

neck, and lessens as we pass farther away from the heart. The
influence of deep and laboured inspiration, however, may be manifest

at some distance. If a vein in which the blood pressure is negative

is wounded, and the wound held open and exposed in the air ; air is

sucked into the heart. If, however, the wound in the vein collapses,

air is not sucked in. We thus see that the cause of the entrance of

air into a vein is twofold : (1) the aspiration of the chest, and (2)

the patency of a wounded vein open to the air. The patency of a
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wounded vein— or, as it has been well called, its " canalisation "

—

may be caused by thickening and rigidity of the vein itself, by
infiltration of the sheath of the vein and surrounding tissues, by
adhesion of the vein to some unyielding fascia, or to the wound
being held agape by the surgeon. This may arise in two ways. A
vein is sometimes partially divided in the angle of a wound, and
then, when the edges are held apart, the wound of the vein is held

open ; or, in removing a tumour, if it is lifted up, and the parts held

on the stretch as they are divided, any partially-divided vein is

"canalised." As this accident is especially liable to occur in

wounds and operations about the root of the neck, this region is

called "the dangerous area." It may follow wounds of veins so far

away from the heart as the facial and subscapular, and even the

common femoral and uterine.

Effects.—The sudden entrance of a large quantity of air into

the heart may cause its instant paralysis and sudden death of the

patient. More commonly when air is drawn to the heart in quantity

the right auricle and ventricle and the pulmonary artery are found
full of frothy blood, and the left side of the heart empty. The
right ventricle is unable to force the mixture of blood and air

through the pulmonary capillaries, and the left ventricle, not being
filled, is unable to send sufficient blood to the brain, and the patient

dies from syncope. When only a small quantity of air is introduced

into the circulation, it gradually becomes dissolved in the blood, and
possibly some of it escapes through the lungs.

Symptoms.—These may be described as local and general. The
sucking of air into a wounded vein is attended with a peculiar

hissing or sucking sound, and frothy blood is then seen to issue from
the vessel. The general symptoms vary much in intensity. There
may be instant death from syncope. More commonly the patient

suddenly becomes pale, the pupils dilate, the pulse is flickering or

imperceptible, and the movements of respiration are exaggerated,

the heart's action is powerful and turbulent, and on listening over

the prsecordia a churning sound is heard. These alarming symptoms
may gradually subside, and the patient recover; or the heart's

action may become feebler, and death occur, often preceded by a

convulsion. When the accident is fatal, death usually occurs in a

few minutes ; but if successive quantities of air are sucked in, the

fatal issue may be longer delayed. Tf the patient escapes the

immediate danger, he may subsequently die from bronchitis or

pneumonia.
Treatment.—In operating in the "dangerous area," particularly

in the removal of tumours, care should be taken not to divide a vein

incompletely at either end of the wound, and not to hold the parts

on the stretch while dividing them. Yeins when stretched collapse,

and emptied of blood are pale in colour, and then are easily mistaken

for bands of fascia. Another way of preventing the entrance of air

during such operations is to flood the wound with a harmless and
colourless fluid, such as boiled water, saline solution, or boric acid
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solution ; then if a vein be cut this fluid, and not air, is drawn into

the heart, and no ill-effect follows.

If, while operating, the peculiar sucking sound of air entering a

vein is heard, or frothy blood is seen in the wound, the finger should

be instantly placed over the vein until it can be secured with a
forceps or ligature. This is to prevent the further entrance of air

and the loss of blood. If the vein cannot be thus instantly secured,

the wound should be immediately flooded with fluid, which will, at

least, prevent all further suction of air. Having done this, the

surgeon's aim is to maintain the heart's action until the obstruction

in the pulmonary vessels is overcome by the gradual solution of the

air or its escape into the air cells, and to furnish a sufficient sujoply

of blood to the brain to prevent fatal syncope. The patient should be
placed flat on his back with his head hanging over the end of the

table, and the axillary and common femoral arteries should be
compressed, so as to increase the proportion of arterial blood going

to the brain. Stimulants should be administered freely—ammonia
to the nostrils, ether subcutaneously, brandy by enema, and a

sinapism over the prsecordia. Attempts to suck the air out of the

right side of the heart are useless ; in children firm compression of

the chest may succeed in expelling air from the wounded vein—not

from the heart—but it embarrasses respiration, and, if at all, should

only be practised once very rapidly. Artificial respiration, with a

view of aiding the circulation through the pulmonary capillaries, has

been recommended, but Treves considers this a dangerous measure
to adopt.

II. HEMORRHAGE.

The natural arrest of haemorrhage and the repair of

injured vessels.—Haemorrhage, or the escape of blood from the

heart and blood-vessels, is the most constant effect of injury, a

frequent result of disease, and the invariable accompaniment of a

surgical operation. Any loss of blood may be serious, and to the

untutored eye it is always alarming. When furious and uncon-

trolled it is quickly fatal, and in some circumstances its arrest

taxes the courage and resource of the boldest and most experienced

surgeon. In certain positions, as within the skull and spinal canal,

and in the mouth, air-passages, and thorax, the escaped blood causes

the most serious indirect effects. For no other condition is surgical

treatment so entirely efficient, and there is none for the relief of

which patients are so dependent upon skilled assistance. All these

circumstances combine to render the study of haemorrhage and its

treatment of supreme importance.

In studying the repair of injured vessels, we have to notice

two distinct processes—the arrest of haemorrhage and the formation

of a cicatrix in the wounded vessel. These processes are of

great scientific interest, but they are also of vital practical im-

portance. It is true that Nature unaided can, in a large proportion

of cases, arrest haemorrhage before a fatal loss of blood is sustained ;
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but often, if life is saved, it is only at the expense of great or even
profound anaemia, which may never be recovered from, and in certain

cases the blood flowing from the wounded vessels becomes a source

of new danger to the patient by collecting in the body, compressing
and obstructing important parts, such as veins, arteries, brain,

spinal cord, bronchi, and lungs. By surgical means we are able to

arrest haemorrhage instantly and certainly where Nature can do so

only tardily and doubtfully, if at all, and so to save life and health

and preserve intact the other parts of the body. Indeed, there is no
single result of injury or disease for which treatment is so immedi-
ately and widely beneficial as in the arrest of haemorrhage. But as

the surgical means employed are all modelled on Nature's pattern, it

is extremely important to understand her ways thoroughly and to

appreciate the manner in which her efforts may be supplemented
and aided. The cicatrisation of a wounded blood-vessel, however,

like that of any other tissue, is effected by Nature alone ; the surgeon

cannot make a scar, nor can he do much to further the natural pro-

cesses, although he may do much to hinder or impair them, and it

becomes of the highest importance for him while aiding Nature
to arrest haemorrhage to use only those means which do not impede
the process of repair of the wounded vessel. It is for this reason

that we speak of the treatment of haemorrhage rather than of

the treatment of wounded vessels.

We shall consider, in the first place (1) how unaided Nature
arrests haemorrhage ; this is sometimes spoken of as the temporary
arrest of haemorrhage. We shall then describe (2) the cicatrisation

or true repair of wounded blood-vessels; this is sometimes called

the permanent arrest of haemorrhage ; and in the next section (3)
deal with the surgical means of arresting haemorrhage.

1. The natural (or temporary) arrest of haemorrhage—
When an artery is cut across, its muscular coat contracts and
narrows or even closes the orifice ; the instant closure of a cut

artery is often seen when small arteries are divided in an operation.

This contraction results from the direct stimulus to the muscular

fibres of the injury, and is a vital effect; its influence is greatest

in those arteries in which the muscular coat is best developed.

At the same time, the elasticity of the artery causes it to retract

within its sheath. This retraction is both longitudinal and circular.

The circular retraction narrows the orifice of the cut artery and
the lumen of the vessel for some distance above. The longitudinal

retraction withdraws the artery from the surface of the wound
within its cellular sheath. This is a physical phenomenon, and can

be demonstrated on the dead body.

These changes in the cut vessel—contraction and retraction

—are immediate, and they are quickly followed by coagulation

of the blood. As the blood flows through the narrowed mouth
of the artery and over the inner surface of its cellular sheath,

the blood platelets are entangled, disintegrate, set free their

ferment, and fibrin is formed. The clot thus arising forms first
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in the sheath of the artery, and increases until it covers over

and surrounds the end of the vessel, and stops all escape of blood

as by a pad. This is the external clot. Blood coagulates also

on the divided end of the artery and occludes it, and for a variable

distance within the artery—often up to the branch next above or

below the wound. This is the internal clot. The coagulation of the

blood is the essential part of the process; by itself, without con-

traction or retraction of the vessel, it suffices. The contraction of the

artery by narrowing the orifice lessens the force and volume of the

stream of blood, and, together with the retraction, by drawing the

artery within its sheath, makes room for the external clot, and also

favours the occurrence of coagulation. By themselves, neither

contraction nor retraction, nor the two together, suffice to arrest

haemorrhage, for even in those cases where the sudden contraction of

the artery closes its cut end, it is only by the formation of an
intei'nal clot that the orifice is actually sealed over. The clot, then,

is the essential means that Nature employs to arrest haemorrhage.

The most vital part of it is the portion that actually occupies the

orifice of the vessel, and this may well be called the central clot;

until that has formed the bleeding is not arrested, and with that,

the rest of the clot may be, and sometimes is, dispensed with. The
external clot is like a pad over the end of the vessel, holding in

place the central portion, and resisting the force of the blood, which
tends to displace it ; it is a most valuable adjunct to the central

clot. The internal clot acts as a buffer to protect the central clot

from the full force of the circulation. The internal and external

clots, therefore, though not essential, materially add to the security

of the closure of the vessel ; and the clot, as a whole, plays an im-

portant part in the cicatrisation of the vessel.

The natural (temporary) arrest of haemorrhage is aided in par-

ticular cases by certain other conditions.

1. Contusion of the artery.—If, in place of an artery being

cut across with a knife, it is bruised and crushed, the more brittle

inner and middle coats give way first and curl up inside the vessel

before the tougher, but thinner, outer coat is severed. On the

curled-up ends of the inner coats coagulation of the blood quickly

takes place; and so it happens that in severe contusions, or by the

use of an ecraseur which slowly crushes through the tissues, arteries

of some size may be divided without even a drop of blood escaping

from them. In such cases there is no external clot, the internal

clot extends up the vessel as usual, and the curling up of the inner

coats within the artery helps to occlude it, and also gives a wide

surface for the attachment of the central clot ; this makes it as

secure as if supported by an external clot.

2. Laceration of the artery acts in much the same way.

The tearing force soon snaps across the inner and middle coats, which

curl up within the vessel, partially occlude it, and excite coagulation

upon their upturned edges. The outer coat is drawn out until its

elasticity is destroyed, and then it yields, and falls over the inner
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coats as a long film. An artery as large as the brachial may be
torn in this way without any blood escaping from it; of all the

accessories to the one essential factor in the natural arrest of

haemorrhage—the formation of a clot in the wound in the vessel

—none are so potent as contusion and laceration of the vessel.

3. Diminished arterial tension.—It is evident that with

less pressure in the wounded artery the blood will escape more slowly,

and will, therefore, coagulate more readily. A rapid forcible stream

of blood tends to wash away the forming clot, while the slower

gentler stream of blood does not displace the clot, and itself readily

coagulates. This diminished tension may be suddenly induced by
the physical shock of the injury, or by the sight of the blood

escaping from the wound. Or it may be more slowly induced by the

loss of blood weakening the heart and emptying the arteries.

4. Increased coagulability of the blood.—We shall have
to notice (page 525) that one result of an abundant haemorrhage is the

absorption of serous fluid from the soft tissues, rendering the blood

more watery. It is well known that the addition of a moderate
amount of water to normal blood outside the body, increases the

rapidity with which it coagulates ; and it is believed that the same
result may be produced in the late stages of a severe haemorrhage.

It is in the case of complete division of the largest vessels only that

unaided Nature fails to effect the arrest of the haemorrhage ; for the

longer the bleeding continues, and the more blood is lost, the greater

becomes her power, until when life is almost extinct, and the force

of the circulation barely sufficient to carry it on at all, the most
favourable condition for the formation of a clot exists, and the

haemorrhage may be arrested. Thus it is that patients recover even
when completely blanched, pulseless at the wrist, and unconscious, and
death from haemorrhage alone is rare, except in the case of a wound
of a very large vessel, causing a great rush of blood and rapid

syncope.

The natural (temporary) arrest of haemorrhage is retarded by the

following conditions :

—

(a) Partial division of the artery.— This altogether pre-

vents longitudinal retraction, and the contraction of the muscular coat

opens out instead of closing transverse and oblique wounds of the

vessel. (See Fig. 137.) The stream of blood coursing alcmg the

artery also tends to displace any clot that forms in the wound, and
prevents the formation of an " internal clot " to protect the " central

clot." Further reference is made to this point in the section on

punctured wounds of arteries. (See page 500.)

The complete division of an artery thus wounded and bleeding

will sometimes be followed by an immediate arrest of the haemorrhage.

(b) Adhesion to its sheath is another frequent mode of

preventing the contraction and retraction of a cut artery. In

certain situations this occurs normally

—

e.g. the scalp and the

penis—and it is met with in disease as the result of chronic

periarteritis and (edema. Wounds in such parts and cases bleed
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to an extent and for a length of time quite out of proportion to

the size of the vessels divided.

(c) Movement of the part, if slight, may displace a forming
clot, and so prolong the haemorrhage. If violent and excited, it also

acts by increasing the force of the heart's action. In sponging a

wound, if the sponge is rubbed over the surface instead of being

gently pressed upon it, a similar displacement of clot is often

occasioned.

(d) Stimulation ofthe heart, by increasing the blood pressure

in the arteries, directly impedes the arrest of haemorrhage, or starts it

afresh. This stimulation may be physical, as by movement, change

of postui'e, the exhibition of " stimulants "—alcohol, ether, ammonia,
etc.—or emotional. The importance of this fact will be insisted on
when we speak of the treatment of haemorrhage.

(e) Division of an artery in a muscle.—When a muscle

is cut transversely to its fibres, the muscular tissue often contracts

farther than the arteries in it retract, and the ends of the vessels

are left projecting from the cut surface of the muscle. This prevents

the formation of a good external clot. Such vessels are, however,

usually quickly closed by the formation of a central clot in their

contracted mouths.

(/) Haemophilia.—(See page 376.)

The arrest of haemorrhage from a wounded vein is effected in

a similar way by the coagulation of blood in the orifice of the vein—
the central clot—supported by an external clot, and protected by
the internal clot extending a short distance along the vein. The
internal clot is shorter in a vein than in an artery, and, owing to

the lessened blood pressure in a vein, there is not the same necessity

for it. Contraction and retraction are very slightly marked in veins,

and are of no practical importance. But, on the other hand, the

walls of a cut vein collapse ; and this greatly aids in the formation of

a central clot. The low blood pressure in a vein greatly favours the

coagulation of the blood, and the adhesion of the clot to the cut end
of the vein. When the walls of a vein cannot collapse, and when
the blood pressure is greater, venous haemorrhage may be fatal. It is

to be remembered that in many cases there is no haemorrhage from
wounded veins, or the pressure of the blood in them is reduced to

a minimum. Thus, when a vein is cut across, valves above the wound
may prevent any blood from flowing from the cardiac end; and if the

companion artery is severed at the same time, the stream of blood

through the capillaries is arrested, and none reaches the distal end.

2. The repair of wounded vessels (or the natural per-

manent arrest of haemorrhage).—This is accomplished by the

formation of a cicatrix in the vessel, which seals over the wound, and
in its main features the healing of a divided artery or vein resembles

the healing of a wound in any other tissue. This process in other

tissues has been already fully described ; and here we need only note

the features peculiar to the healing of blood-vessels.

In the first place, it is necessary to observe that while the clot
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plays an all-important part in the temporary closure of the vessel it

takes no direct active share in its permanent closure or healino-. It
affords a certain amount of pabulum for the cells from which the
cicatrix is developed ; it protects the formative tissue from the
impact of the blood when it is soft and unable to withstand it;

it may form to some extent a mould in which the cicatrix is

developed ; but eventually the whole of the clot—fibrin and blood
corpuscles—disappears. The "external clot" is sometimes partly
washed away with the abundant serous exudation from the wound

;

into what remains leucocytes wander from the vessels of the sheath
and surrounding tissues, and they are quickly followed by the true
plasma cells, derived from the hyperplasia of the cells of the sheath
and other divided tissues. These plasma cells are found at first in
the minute spaces or channels
which are formed in the clot, F~ ,

" " " ~

,
, "Vl\ .

" .--.-:-;•-,

probably by its contraction \'
'

(Fig. 138). They rapidly

multiply, and absorb and re-

place the clot. They then
organise into vascular con-

nective tissue, at first richly

cellular and very vascular,

gradually becoming more
fibrous and less vascular. This

external cicatrix is continuous

with that of the neighbouring
severed tissues, which it re- ' -^i.,,.. ^\ ' .

Sembles in its Origin and de- Fig. 138.—A Portion of Clot in an Artery four-

velopmental changes. ^iS^Tw^S'^rtMS'St
The artery itself contracts was not adherent to the artery, and had

,,^,->-„ ^-1,^ j- „„„„:,,„. ,•„.!-„ 1 not heen as yet invaded by leucocy: es orupon the tapering internal plasma - corpuscles. (Ballance and Ed-
clot, and as the clot fills out nmnds.)

its divided end a bulbous
form is sometimes given to the vessel. This appearance of a

bulbous enlargement of tbe end of the vessel is not the result

of yielding of the artery, but of contraction of its upper part.

The internal clot at first is adherent to the artery at its divided

end only, and here a change of colour from black-red to grey is

early noticed. The grey colour gradually extends through the

clot, and at the same time it is found to adhere to the lining of

the vessel more and more extensively. Gradually now the line

of demarcation between the arterial wall and the altered clot

becomes less distinct, and the clot is found to be vascular

;

the whole vessel as far as the clot narrows more and more, until

at last a vascular cord of cicatricial tissue is all that exists to

mark the site of the former vessel, and this scar is continuous with

that of the surface of the wound. The obliteration of the lumen of

the artery extends as far as the internal clot, and thus the length of

this clot is of real moment.
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These are the changes which can be observed with the naked
eye. The minute processes appear to be as follows :—The vessels in

the outer coats of the artery dilate, and an exudation of serum and
leucocytes occurs from them which infiltrates the coats of the artery

and the contained clot. Following this exudation, and apparently

resulting from it, the connective tissue-cells of the artery rapidly

proliferate, and the plasma cells thus formed pass into the clot, first

of all at its attachment to the end of the vessel—the central clot

—

and later at other points of its circumference, the cells passing

through the coats of the artery in more or less vertical columns. At
the same time the endothelium lining the tunica intima undergoes

rapid hyperplasia until it forms a layer many cells deep. This

hyperplasia extends as far as the internal clot; the cells resulting

from it seal over the outer surface and fine end of the clot, and,

together with those coming from the outer coats of the vessel,

wander into the clot, passing along the intercommunicating fissures

and spaces in the clot which result from the contraction of the clot,

and which appear to have some relation with the nodal points around
which the fibrin forms. Concurrently with this infiltration of the

clot with these plasma cells, the red corpuscles are found to be dis-

integrated, and they are ultimately absorbed, and the clot is replaced

by "lymph." This plastic lymph organises into a vascular connec-

tive tissue, which gradually becomes more fibrous and less vascular,

and shrinks and blends with the surrounding cicatrix. Concurrently

with these changes, the muscular tissue of the artery slowly dis-

appears, and at length there is little left to mark the site of the

artery but a vascular fibrous cord. The vascularisation of the clot

is brought about in a very interesting way. As mentioned above,

a series of intercommunicating fissures appear in the clot, and those

on the surface open into the lumen of the vessel. Through these

communications blood is forced from the artery ; the spaces receive

a lining from the endothelial cells, and later new capillaries con-

nect them with the vasa-vasorum of the vessel wall. The cicatricial

tissue which replaces the wounded artery receives its blood supply,

therefore, partly from the blood in the artery itself and partly from

the vasa-vasorum. In an artery the stream is from the vessel ; in a

vein it is probable that the stream is towards the vessel. This fact

is important. The organising clot is traversed by blood channels

rather than distinct vessels, in which the blood pressure is equal to

that in the artery, and this is why the healing process in an artery

may be interrupted, and secondary hemorrhage occur, even apart

from septic infection and inflammatory disintegration. In the

healing of a lateral wound or puncture in an artery, the scar is

formed in the same way ; but being exposed to the full force of the

blood stream, it is exceedingly liable to be torn through before

development has advanced, or subsequently to yield, and to form an
aneurysm.

The healing of a wounded vein differs but very little from the

same process in an artery. When a vein is severed the process is
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identical. But in the case of a lateral wound in a vein, the scar

is formed without obliteration of the lumen, and owing to the low
blood pressure in the veins this process is a safe one. Indeed, there is

much less tendency to obliterate the vessel in the healing of a wound
in a vein than is the case in an artery. The most striking evidence

of this used to be afforded by phlebotomy. Patients were often bled

every spring and autumn for years, and from the same vein ; re-

peated division of the vein failed to obliterate it. For the same
reason, the operation of "pinning" a vein often fails to obliterate it.

3. The surgical means of arresting haemorrhage.—The
surgical methods of arresting haemorrhage are designed to produce
the immediate closure of the wounded vessel in ways closely re-

sembling those of Nature. The means employed cause either con-

traction of the cut artery, or contusion or laceration of its coats,

diminution of the force of the blood stream in the wounded vessel,

coagulation of the blood, or closure of the opening in the vessel by
external pressure. A knowledge of the mode in which they effect

their purpos is essential to the proper employment of these means,
and we must therefore study each of them separately.

1. Pressure is the most widely applicable and readily available

of all haemostatics ; at the same time, it may be the most misleading

and most mischievous. It is exceedingly important, therefore, to

understand clearly its limits of usefulness and the elements of success

and of failure.

It can be employed as a temporary expedient^ either to close the

wound in a vessel until it can be more securely dealt with, or to

arrest the circulation in the wounded part, and prevent blood froia

reaching and escaping from the open vessel.

In operating, if an artery or Arein is divided and bleeds, the

surgeon or his assistant at once puts his finger over the vessel until

it can be seized in a forceps and tied. The largest vessels can be
thus compressed, and the most furious haemorrhage at once stayed

;

it is only when pads and plugs are substituted for the surgeon's

finger that difficulties and dangers arise. By compression of the

main artery supplying a part, or circular compression of a limb firm

enough to arrest all circulation in it, haemorrhage can be prevented

or temporarily arrested. For the prevention or for the temporary
arrest of bleeding, pressure is the best of all the means known
to the surgeon.

When used as the sole expedient for arresting haemorrhage,

pressure must close the mouth of a bleeding vessel until a clot has

formed within it and is so firmly adherent that the force of the

circulation will not detach it. The force required will, therefore,

vary with the blood pressure in the wounded vessel, and also with

the directness with which it can be applied. More force is needed

to stop bleeding from an artery than from a vein, and a little more
from a large artery than from a small one. Where the compression

can be brought to bear directly upon the vessel, and this is supported

by a resisting structure, such as a bone, quite moderate force only is

R
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sufficient. But in many of the cases where pressure is or may be
applied, the conditions are just the reverse of this. The wounded
vessel—probably an artery—is surrounded by a thick mass of soft

elastic tissue, and the pressure to act efficiently through this has to

be very great, and must of necessity render anaemic all the tissue

between the compress and the artery ; and as the compress is usually

fixed in place by a circular bandage, this involves the entire arrest of

the circulation in the limb.

The dangers incident to the use of pressure are two—the conver-

sion of an open into a concealed haemorrhage, and the production of

gangrene. When a pad is placed over a wound from which arterial

blood is flowing, and it does not entirely close the bleeding vessel,

the blood continues to escape, and collects around the artery until

the resistance of the tissues equals the pressure of the blood ; in this

way the concealed haemorrhage has produced a traumatic aneurysm.

It must also be remembered that the pressure in such a collection of

blood is very great—as many times greater than the pressure with

which the blood escapes from the artery as the area of the blood

tumour exceeds the area of the artery opening into it. This pressure

often becomes so great that it displaces the pad, and then renewed
external haemorrhage occurs. For example: in a case of haemorrhage

from the socket of an extracted tooth, pressure to be effectual must
be applied to the bleeding artery by a plug passed quite to the

bottom of the socket. If the plug be merely fitted over the top of

the alveolus, this quickly fills with blood and becomes a miniature

Bramah press, the plug is displaced, and the haemorrhage continues.

The gangrene may be local, due to the pressure of a firm pad
;

where a graduated compress is used for the treatment of wound of

the palmar arch, sloughing of the palm is liable to occur. But the

gangrene may be total if a tight constricting bandage is placed

around a limb so firmly as to arrest all circulation for many hours.

It follows, therefore, that pressure should only be used as a per-

manent haemostatic in the following circumstances :

—

(a) In cases of capillary oozing and parenchymatous haemorrhage,

where the pressure required does not imperil the vitality of the

tissues : e.g. a cut finger or the oozing from cutaneous flaps.

(b) In cases of haemorrhage from a superficial vein, where, again,

only slight pressure is needed to close the vessel and resist the force

of the blood : e.g. a burst varicose vein, or after phlebotomy.

(c) In cases of arterial haemorrhage from a bony cavity, in which

the pressure, if applied to the vessel itself, easily controls it, and

does not act injuriously upon the bone : e.g. haemorrhage from the

socket of a tooth, or after removal of carious or necrosed bone.

(d) In cases of haemorrhage from the walls of cysts or hollow

organs, which cannot be otherwise controlled ; here the compress

must be applied directly to the bleeding vessel, and the whole cyst

tightly filled : e.g. bleeding from an opened cystic bronchocele, some
cases of ovarian cyst

;
plugging the uterus for haemorrhage comes under

this head. The end of a long strip of lint or gauze must be carried
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to the farthest part of the cyst to be stuffed, and then carefully paid
in, so as to fill up the cavity uniformly from the bottom, every part

of the cavity being carefully filled.

(e) In cases of deep haemorrhage where other means, such as

ligature, cannot be employed, and where the pressure can be applied

directly to the bleeding vessel, and against structures firm enough to

afford counter-pressure : e.g. deep haemorrhage in perineal cystotomy.

Pressure should not be employed in any case of deep haemorrhage
unless it can be applied directly to the bleeding vessels, and without
injury to the surrounding parts ; it should never be used for deep
arterial bleeding in the form of a pad applied on the surface with

a thick layer of soft elastic tissue between it and the vessel to be
occluded. The graduated compress is a relic of antiquity that should

very rarely, if indeed ever, be used. Pressure is sometimes made over

the main artery or arteries of a part as an accessory to other modes
of treatment ; for example : if a pad is used to control bleeding from
the palm, a piece of catheter may be bandaged on over the radial and
ulnar arteries in the fore-arm, to lessen the force of the circulation

in the hand.

2. Cold acts as a haemostatic by exciting contraction of the

muscular coat of vessels. It is, therefore, of no avail in vessels

which are only partly severed except as it diminishes the blood

supply to the part ; and it is more effectual in arterial than in venous
haemorrhage. It acts quickly. Sucking ice is used to arrest bleeding

from the mouth and throat; iced injections will control many cases

of epistaxis ; a stream of iced water over a wound is often efficient

in bleeding from small arteries or capillaries ; and an ice-bag or

poultice applied to the surface will moderate bleeding in deeper

parts beneath. The mere exposure of a wound to the air will some-

times suffice to arrest bleeding that had been kept up by the natural

warmth of the body. It is important to remember that prolonged

cold exerts a depressing influence upon the heart.

3. Heat acts like cold, by causing contraction of the muscular

coat of a blood-vessel, and its effect is quickly produced. A tem-

perature between 80° F. and 105° F. favours vascular engorgement,

and over 180° F. it injures (burns) the tissues. As a haemostatic,

water, sponges, or cloths of a temperature between 120° F. and
150° F. are used. Heat is extremely useful in bleeding from very

vascular parts, as the face, the external genitals, the uterus, and
inflamed bone. It cannot be relied upon to control bleeding from

veins or large arteries. Under a stream of hot water, operations

upon the face and other very vascular parts become almost bloodless.

Irrigation with hot boiled water is an admirable means of arresting

bleeding from the uterus, abscess cavities, cysts, or cavities in bone.

4. Styptics are chemical agents that arrest haemorrhage by
causing contraction of arteries, coagulation of albumen, and separa-

tion of fibrin. Unless the clot they produce fills and adheres to the

opening in the bleeding vessel, it is of no value ; and it is for this

reason that styptics so often fail, for the stream of blood washes them
R
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Fiy.139.—Large
Artery closed
by tlie Cau-
tery, showing
all the coats
of the artery
charred, into
an eschar over
its end.

away from the bleeding point. To obtain success, the wound should

be carefully dried, and the styptic immediately applied to the actual

bleeding-point with sufficient pressure for a few minutes

to control the flow of blood. The most frequently used

styptics are powdered alum, persulphate of iron, tannin,

or gallic acid, the solid stick of nitrate of silver, and
solutions of alum, matico, perchloride or persulphate

of iron, and turpentine. They are of service chiefly

in bleeding from cavities, as the mouth, nose, and
uterus, where other means are difficult to apply, and
in parenchymatous hemorrhage from fungating tumours.

Turpentine, acetate of lead, the astringent salts of iron,

and ergot are given internally, with a view of causing

contraction of arteries and "increased

coagulability " of the blood.

5. The cautery is a very power-

ful hemostatic. It acts in one of two
ways. In some cases, especially in very

large arteries, it chars the end of the

wounded vessel into a tough, solid

eschar, which closes over the lumen of

the artery, and on the inner surface of

which the blood quickly coagulates (Fig.

139). Very often, however, a very remarkable effect

is produced. At the first touch of the cautery the

end of the artery is narrowed and folded up within

the vessel, and with the further contact of the hot

metal the end of the vessel is completely inverted,

and this inversion increases rapidly until its further

progress is arrested by undivided branches of the

artery. This inversion is unattended

with any separation of the coats, and it

forms a very firm closure of the vessel

:

it is well shown in Fig. 140. Paquelin's

cautery is the most convenient form to use. It should

be at a black or dull-red heat, and be applied accurately

llfMffl
to ^ie bleeding point, and held in contact with it for

some moments. Neglect of these precautions often leads

to failure ; for a bright red or a white heat is not hemo-
static, and it can easily be demonstrated outside the

body that the closure of an artery by the cautery takes

many seconds, the time varying with the size of the vessel.

The cautery is chiefly employed ii parenchymatous oozing,

in hemorrhage from sloughing surfaces in which a ligature

Forcipi-es- will not hold, in some other cases where ligature is difficult

ce^s.
F°r

or impossible, as after removal of the upper jaw, and to

seal the vessels in the pedicles of tumours—especially

internal piles. The eschar produced by the cautery is aseptic.

6. Forcipressure has superseded to a very great extent both

[g. 140. — Medium-
sized Artery closed

Ly the Cautery,
showing the whole
artery inverted.
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Fig. 142— a, An Artery closed
by Forcipressure.

1, Normal artery; 2, crushed ex-
tremity. B, The same artery
laid open—1, Normal artery ; 2,

crushedand serrated outer coat;
3, inner coats separated and
curled up.

torsion and ligature of divided vessels. Catch forceps with strong

bluntly-serrated ends are used, and with them the bleeding vessel is

seized as cleanly as possible (Fig. 141). The immediate effect is

the crushing of the part grasped, and the brittle inner coats of an
artery break across and curl up inside it. A B

The crushed part forms a flat band, closing

over the end of the vessel and the blood clots

within it, and become's adherent to the curled-

up inner coats (Fig. 142). Arteries up to

the size of the ranine are easily sealed by
these forceps if two precautions are taken,

—the forceps must be left on for some
few minutes, to allow the blood in the artery

to coagulate and the clot to adhere, and
they must be removed gently so as not to

open out the crushed end of the vessel and
displace the internal clot. Arteries of any size can be closed by

the forceps if they are allowed to remain on for a few hours thus

;

if, in a case of nephrectomy, the renal artery cannot be tied, it

should be seized in a large pressure-forceps, and held for twelve

to twenty-four hours. In vaginal hysterectomy the same plan is

followed if the uterine artery cannot be secured in a ligature.

Pressure-forceps are used in several ways. Small

bleeding arteries are seized as divided, and held until

the completion of the operation, when, if the forceps

are removed carefully, the haemorrhage is found
arrested. Larger arteries are seized temporarily

until twisted or tied. Bands of vascular tissue are

clamped in the forceps before division. Bleeding veins

are occluded by these forceps, as well as axteries.

In fact any vessel that can be seized in a pressure-

forceps can be closed by it if the forceps is left

on long enough to secure an internal clot so firmly

adherent to the inner coat that it can resist the

pressure of the blood.

7. Cianips and 6cra.seurs may be spoken

of together, as their action is similar. A clamp causes

a division of the two inner coats of a vessel, on the

ends of which an internal clot forms, as in an artery

divided by contusion. If the action of the clamp is

continued and intensified, as in hysterectomy and

similar operations, the outer coat of the vessels and

the other tissues are partly torn and partly ulcerated

through. As a hamSostatic agent, a clamp need

only be applied firmly enough to occlude the vessels,

and long enough to cause a firmly adherent internal coagulum.

Ecraseurs tear and crush their way through vessels, dividing first

the inner coats, and then drawing out and overstretching the outer

coat until it yields. If this is done quickly, the vessels bleed freely,

Fig. 143. — An
Artery which
has been crashed
with Forceps in
two places.

1, Compressed outer
coat ; 2, two inner
coats, rolled up,
partinlly occluding
lumen. Below, the
vessel is laid open ;

3, outer coat ; i,

inner and middle
coats.
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as if cut with a knife ; if slowly, the blood has time to coagulate

within the vessels before they are completely severed, and the action

is a tearing rather than a cutting one. Even large arteries may be
thus divided without any haemorrhage if sufficient time is taken.

Ecraseurs are only used where there is special difficulty in using

other surgical haemostatics ; for example, in removal of the tongue
or of uterine polypi.

8. Acupressure is now seldom used, and' only as a suture as

well as a haemostatic. It is employed in this way in uniting the lips

in the operation for hare-lip, etc., and may be employed in the scalp.

A straight steel needle, is passed under the bleeding vessel on each

side of the wound, the edges of which are then held in apposition, and
fixed by a figure-of-8 suture over the ends of the needle. Care must
be taken not to leave in the pin too long, lest it cause ulceration,

nor to apply the ligature too tight, lest it cause sloughing. If the

pressure of the pin is slight, it simply occludes the vessel, without

rupture of any of its coats ; a clot forms within it, and the usual

reparative changes ensue. If the pressure of the needle is firmer,

it may rupture the inner coats in the scalp. A suture of silk or

catgut is often used to unite a wound and compress a bleeding

vessel in it. Suture is the best means of arresting bleeding from
wounds of the liver, kidney, and spleen.

9. Forced flexion of the elbow or knee closes the brachial or

femoral artery. It may be used as a temporary expedient to stop

arterial bleeding from the hand or foot, or as an adjunct to other

means. The flexion must be pushed to its extreme limit to be

efficient, and this position is so inconvenient that it is rarely

resorted to.

10. Torsion is one of the best means of arresting arterial

hfemorrhage. When the cut end of an artery is seized in suitable

forceps (Fig. 144), gently drawn upon

Qi^^j§Slg|!jggii3E5E3 and then twisted about eight half

,,, m . _ turns, its brittle inner and middle
Tig. 144.—Torsion Forceps.

, . i i in
coats quickly snap across and roil

up inside, whilst its tough and elastic outer coat curls up into

a knob at its extremity (Fig. 145). An internal coagulum

forms, and is protected against expulsion by the knob of outer coat.

If the artery be insufficiently twisted, the outer coat untwists,

and the vessel opens out again. If the vessel be overtwisted, the

coiled-up outer coat is separated, and the clot loses its protection,

and is apt to be displaced. The forceps should have broad ends

and be bluntly serrated, so as to seize the whole artery and not

tear it. Care should be taken to seize the artery cleanly, and

in the case of a large vessel «iot to introduce one blade into its

lumen. Torsion may be trusted to close even the largest

arteries, and it has the advantages over ligature that the operator

requires no assistance, that it is done very rapidly, and that

it does not introduce any foreign material into the wound.

Disease of the inner and middle coat of an a^ery is not a bar to
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Fig. 145.—Artery
closed by Tor-
sion, showing
the curled -up
outer Coat of
the Artery
forming a
twisted Knot
over the end
of the Artery.

successful torsion, but extreme fragility and loss of elasticity of the
outer coat is a bar, and so also is adhesion of an artery to its sheath,
for it prevents the vessel from twisting freely. Yeins
can be closed by careful torsion as well as arteries. It

has been suggested that torsion should be used for small
arteries and the ligature for large vessels, and that

the torsion forceps should be twisted off. Both sug-

gestions are bad. Torsion is perhaps better adapted
for large than for small arteries, because they can
be seized more cleanly. Most certainly the forceps

should not be twisted off, for the cuvled-up knob of

the vessel wall is a great security, resembling in its

usefulness a firmly adherent external clot.

The late changes occurring in a twisted artery are

closely like those met with in an aseptic vessel. The
thrombus is organised in the way already described,

and the vessel converted into a fibrous cord (page 512).

The twisted end of the vessel is quickly embedded in

"lymph," and if it is not infective or infected, it is

absorbed by the plasma cells, and replaced by cica-

tricial tissue over the end of the artery. Exactly

similar changes occur in vessels closed by forci-

pressure and the cautery.

11. The ligature of ves-

sels is the most important of all haemostatic

agents. It is employed to occlude arteries in

their continuity as well as where wounded.
But we shall postpone to a subsequent section

the discussion of the special points arising in

connection with ligature of arteries in their

continuity.

(a) The immediate effects.—When a ligature

is tied with moderate force, the inner and middle

coats of an artery are divided as if cut with a

knife, and curl up within the vessel, and the

portion of outer coat within the noose is strangled

(Fig. 146). In the case of a divided artery tied

in a wound, all the vessel beyond the noose is

' b bloodless, and dies. If the artery be tied with

still greater force, the outer coat also is cut

through opposite the knot, and if it is a large

artery, in all probability haemorrhage recurs. If

the ligature be tied with less force, however, the

artery may be occluded without any laceration

of its tissue. We shall subsequently see (page

530) that for the permanent obliteration of the

artery it is neither necessary nor desirable to

divide any of the coats of an artery when
ligating it. In the case of a divided artery tied

Fig. 146.—An Artery laid
open after having been
ligatured at a and
grasped in Pressure-
forceps at b. It shows
the division of the
inner coats in each
place and the similar
effect prodiiced by the
ligature and pressure-
forceps.



320 INJURIES OF BLOOD-VESSELS.

I'i'iS'jt'&i:

in a wound, the force of the blood tends not only to open it, but to

push off the ligature, and the movement of the part, the twitchings of

muscles, tlte adaptation of flaps, etc., may have the same tendency. To
guard against this, it is customary to tie with such an amount of force

as will certainly sever the two inner coats ; but it should be clearly

appreciated that this is merely to get a sufficiently firm hold upon the

vessel—to prevent the ligature from being pushed or dragged off

—

and not at all for any advantage accruing from division of these coats.

Happily, the disadvantage of the partial division of the vessel is

reduced to a minimum in cases of amputation or

of the removal of parts, for the blood pressure in

the ligated arteries falls, as a result of the removal

of the parts supplied by them.

The closure of the artery at once stops all

bleeding from it, and quickly the blood within it

coagulates upon the ends of the divided coats.

This clot gradually extends, until, in about three

days, it fills the vessel, more or less exactly, as far

as the lateral branch nearest to the ligature. It

is conical in shape, and adheres first and most
firmly to the divided vessel wall (Fig. 147); wrhen
the wound and the ligature are aseptic, the clot

may be very limited in extent, and not re-ach so

far as the nearest branch. It may, later, dis-

integrate and disappear.

(6) The repair of a ligatured artery.—When
an artery has been divided and its ends tied, its

repair is modified in two or three important ways.

In the first place, its inner coats are severed by
the ligature, and the end of the vessel is closed in

by the thin outer coat only, surrounded and sup-

ported by the ligature. This wound in the coats

forms a large surface for the attachment of the in-

ternal clot, and the leucocytes and plasma cells

enter the clot freely and easily at the same spot.

In the next place, the constricted ring of the outer coat and the

end of the vessel beyond it die, as the result of their total anaemia,

and are absorbed by the myriads of leucocytes which are poured
out around them, and quickly pass into them. Thirdly, the liga-

ture itself is either absorbed, encapsuled, or cast off. In an
aseptic wound, a readily absorbable ligature, such as catgut, is

rapidly absorbed ; a more resistant structure, such as silk or unspun
silk, may be slowly absorbed, or it may lie at the side of the vessel

encapsuled in firm cicatricial tissue. In a septic wound, catgut may
be quickly liquefied, and only the knot come away in the discharge

;

but sometimes the ligature comes away entire, having " ulcerated "

through the tied end of the artery. Silk, tendon, and wire ligatures

are always thus separated in septic wounds.

The ligature of a divided artery, thei'efore, complicates the process

Fig. 147.—Ligatured
Artery laid open,
showing the inter-

nal Clot adherent
to the Artery below,
free and tapering
above where it

reaches up to a
branch.
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bt repair by cutting across the two inner coats of the vessel, and to

that extent weakening it, by necessitating the absorption or separa-

tion of the end of the vessel and of the ligature, and by introducing

a fresh source of possible wound infection. The repair of a tied

artery takes a little longer time to perfect, and is attended by
the effusion of a greater amount of " lymph " than that of a vessel

closed by natural processes alone.

In the case of gold or platinum wire ligature, no absorption

whatever takes place, but in all other ligature materials, absorption,

more or less rapid and complete, occurs if asepsis is preserved. In
the case of carbolised catgut the absorption is rapid ; chromic acid

gut is more resistant; silk, silkworm gut and tendons are still

more slowly absorbed. The unabsorbed parts are surrounded by
cicatricial tissue, which also replaces the ligature as it is absorbed.

(c) The results of sei^sis.—A divided artery tied in a wound
may be infected through the ligature, or by other infective matter

introduced into the wound at the time of the injury or later, or,

rarely, through the general blood-stream. The results of such infec-

tion are a septic arteritis and periarteritis ; the strangled portion of the

artery is not absorbed, but is separated from the living artery by a

process of ulceration. This sets free the ligature, which is neither

absorbed nor encapsuled, but comes away with the discharge. There
is, therefore, a destructive ulcerating process going on at the end of

the ligatured vessel. If this be so intense as to arrest all repair, or if

it so impair the artery that it cannot resist the pressure of the blood,

secondary haemorrhage occurs. Previous to the introduction of

antiseptic surgery and aseptic ligatures, secondary haemorrhage, about
the time of the separation of the ligatures—one to three weeks after

application—was very common ; now it is a rare event.

Ligature materials.—Very many materials have been used as

ligatures, such as silk or hempen threads, and gold, silver, iron, lead,

or platinum wire, untanned skin, catgut, unspun silk (silkworm gut),

tendon, nerve, ox-aorta, and peritoneum. A good ligature must
be strong, inelastic, pliable, smooth, round, aseptic, and slowly

absorbable. Wire is no longer used; it is inconvenient to apply,

and not absorbable. Silkworm gut is also rejected, because deficient

in pliability, although its smooth surface without pores renders it

easy to make aseptic, and it is also very strong and slowly

absorbed. Strips of untanned skin and of nerve are no longer used.

To-day the choice really lies between catgut, silk, tendon, arteiy, and
peritoneum.

Catgut.—Commercial catgut consists of the intestine of the

sheep from which the mucous and muscular coats have been more or

less perfectly removed by scraping. Owing to imperfection in its

manufacture, much of the muscular and mucous coats is left behind,

and the villi can often be detected in microscopical sections. Hence
it is an infected material ; cocci, bacteria, and their spores have been
demonstrated in it, and it is a possible source of wound-infection

—

some say a frequent source. Volkmann has recorded a case in

r *
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which a catgut ligature conveyed the infection of anthrax. In its

dry state it is too rigid to knot securely, while if soaked in warm
water or the serum of a wound it swells up, becomes soft, pulpy, and
useless For surgical purposes, therefore, it must be specially pre-

pared with a view of making it first aseptic, and then sufficiently

supple to tie easily and securely without, at the same time, becoming
too readily absorbable.

The following methods of preparing catgut for surgeons' use have
been recommended :

—

(1) Lister's original method was to soak loose hanks of catgut

for at least two months—the longer the better—in an emulsion of

one part of crystallised carbolic acid deliquesced by water, in five

parts of olive oil. The catgut thus prepared may be kept in the

same emulsion, from which the water gradually separates, or in

simple carbolic oil 20 per cent., or in corrosive sublimate and
glycerine 1 in 500.

(2) Catgut wound on a reel of some kind is soaked for forty-

eight hours in a 5 per cent, watery solution of pure carbolic acid, to

which chromic acid is added in the proportion of 1 in 4,000 ; the

weight of catgut must equal that of the carbolic acid in the solution.

The catgut may be kept dried, and must then be soaked in cai'bolic

solution 5 per cent, for half-an-hour before being used ; or after it

has been carefully dried, it may be kept in carbolic oil 20 per cent,

or corrosive sublimate and glycerine 1 in 1,000.

(3) A third plan is as follows :—Five parts of catgut on the

stretch is immersed for twelve hours in a solution of 1 part of

chromic acid in 100 parts of distilled water. It is then partly dried

by wiping it with a clean cloth, and placed for twelve hours in 100
parts of sulphurous acid. The catgut is now dried and kept dry.

Before being used, it is placed for fifteen minutes in carbolic acid

solution 5 per cent. This "sulpho-chromic catgut" is also called

" green catgut," from its colour.

(4) Catgut may be sterilised by exposure for two hours to a dry
heat of 284° F., and then preserved in carbolic oil or sublimate

glycerine.

It has been shown that much of the so-called " antiseptic catgut

"

that is supplied to surgeons is not aseptic, and the difficulty of

obtaining a certainly aseptic catgut has led many surgeons to agree

with Kocher in discarding it altogether. When prepared by the

first of the methods above described, the catgut is liable to soften

prematurely and slip, and allow the vessel to become patent.

Catgut in an aseptic wound is gradually absorbed by the leu-

cocytes, which invade it from the outside and pass in between its

constituent fibres. In a septic wound the ligature may be thrown off

unaltered, or it may be rapidly softened by the peptic action of the

micrococci. Catgut is largely used as a ligature for vessels divided

in a wound ; it should not be used for ligaturing vessels in their

continuity. Its faulty preparation and the great difficulty in making
it at once certainly aseptic, sufficiently supple, and neither too
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Fig. 148. -Fenestrated Artery Forceps for
Ligature.

readily nor too slowly absorbable, render catgut inferior to other

materials.

Silk is used in the form of floss silk or Chinese twist. To make
the pure white silk used by surgeons, the raw material is first boiled

to remove the gum, then washed with soap, then placed in sulphur

kilns for several hours, and finally

bleached. The boiling, sulphur-

ing, and bleaching are all antiseptic

in their action, and silk is, there-

fore, less likely to be infective

when supplied to the surgeon than is catgut. It is rendered aseptic

by prolonged boiling in water, carbolic lotion, or mercuric chloride

solution, and it is kept in carbolic lotion 5 per cent, or in sublimate

glycerine. It can be obtained of any required size ; some prefer

the softer floss silk, others the stronger twist. In an aseptic wound
it becomes encapsuled, and then slowly absorbed, the leucocytes and
plasma cells wandering in between the fibres of the silk. Silk is a

thoroughly reliable material for ligature, and its special preparation

can easily be conducted by every surgeon. This is a great safeguard

and advantage.

Tendons, arteries, and 'peritoneum.—The long tail tendons

of the kangaroo, dried, and then soaked in carbolic or mercuric

solution for forty-eight hours before use, make excellent ligatures.

By splitting, they can be obtained of any required degree of fineness

;

they are strong, supple, and absorbable—but not too readily. The
knot is bulky, and will slip if not tied very firmly.

The middle coat of the aorta of the ox can be cut in long spiral

bands of any desired breadth, and dried under extension. It makes a

strong, flat, absorbable ligature, which knots well,

and is easily made aseptic by soaking in carbolic

solution 5 per cent, for some hours. Mr. Barwell

has had great success in its use.

Peritoneum, cut into strips and dried, is recom-

mended, because it consists of pure white fibrous

tissue, like the outer coat of an artery. It is ren-

dered aseptic by soaking in carbolic solution. It

is said to be an excellent ligature, but has not

come into general use.

To apply a ligature to a divided vessel, it should

be seized in a forceps (Fig. 148) and drawn gently

out, care being taken to seize the vessel cleanly

without muscle, fascia, nerve, or other structure,

tied in a reef-knot (Fig. 149) or a surgeon's knot

fingers being pressed well down on the vessel ; it is tied so tight as

to rupture the inner coats in order to give it a secure hold upon the

vessel, and both ends are cut off short.

12. Complete divisioaa of a partially-severed artery by allow-

ing of its retraction and contraction will sometimes at once arrest a

haemorrhage. This means is not of wide application, but it is of use

Fig. 149—Keef-kuot.

The ligature is

(Fig. 150), the
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in some cases of haemorrhage from thefrenum prceputii and from the

scalp. The point of a lancet drawn across the bottom of the bleeding

vessel is the best means to employ.

III. THE EFFECTS OF LOSS OF BLOOD.

The quantity lost.—Uncontrolled haemorrhage, however pro-

duced and wherever occurring, is inevitably fatal ; but the quantity

of blood that may be lost without sacrifice of life varies very much
according to the age, sex, and constitutional state of the individual,

and to the nature and rapidity of the haemorrhage. Infants and
young children bear any loss of blood badly, a relatively small loss

being either fatal or attended with profound syncope ; but the result-

ing anaemia is quickly repaired. After
puberty and up to middle life haemorr-

hage is borne well, and its effects are

most quickly recovered from. With ad-

vancing age, loss of blood becomes in-

creasingly serious and more permanent
in its effects. Some have thought that

women bear the loss of blood better than
men. It is certain that a haemorrhage
— say, the loss of a pint of blood—will

cause much more marked effects in one
individual than in another of the same
age, sex, and general condition, and a

constitutional peculiarity is assumed to
-Surgeon's Knot. account for the difference.

Effects.—The loss of a given amount
of arterial blood produces a greater effect than the same amount
escaping from a vein. This may be in part due to the greater
rapidity of the flow from the artery, and in part to their relative

oxygenation and carbonisation. The local anaemia and the loss of

the force which affects the venous return from the part may also have
an adverse influence.

"Very striking is the difference due to the rapidity of the haemo-
rrhage. When an artery of the first magnitude is freely opened, the
blood in the general arterial system flows out through the wound, as

it is the direction of least resistance; and the venous circulation is at

the same time arrested, owing to the loss of the vis a tergo. There is,

therefore, sudden fatal syncope, and the corpse has a leaden hue from
the blood in the more or less well-filled veins.

When an artery of less than the first magnitude or a large vein is

wounded, and continuous haemorrhage, ending in death, occurs, the

first effect produced is a lessening of the arterial tension and an
increase in the force and frequency of the heart's action, which,
however, fails to compensate for the progressive emptying of the

vessels. As a result, all the tissues of the body, including the
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muscular substance of the heart, become acutely anaemic, and their

special functions impaired and eventually destroyed. This result is

also partly brought about by the want of oxygen in the tissues. A
certain amount of watery fluid is absorbed from the tissues into the

blood-vessels, as an attempt to keep the vessels full enough to carry

on the circulation. The symptoms that the patient exhibits in

these circumstances are as follows :—The pulse becomes increasingly

rapid, smaller, and weaker, until it cannot be felt in the smaller

arteries, such as the radial, and is only a feeble flicker in the

common femoral and common carotid. The mucous membranes are

blanched, and the skin becomes white, cold, and bathed in sweat.

The patient experiences a sense of nausea and faintness, palpitation

and dyspnoea, noises in the ears and deafness, dimness of vision,

increasing to a sense of darkness with occasional flashes of light, and
then he becomes unconscious. The breathing is hurried, gasping, with

a distressing sense of "want of breath," until, when syncope comes
on, the respiratory movements are very shallow and only diaphrag-

matic. There is great muscular weakness, the voice is very feeble,

the limbs are flaccid ; and in the late stages great restlessness, with

throwing about of the arms and legs, becomes a prominent and alarm-

ing symptom. Convulsions occasionally occur. After death the body
is shrunken, with a peculiarly white and wax-like appearance, and
all the organs are pale and bloodless.

When the haemorrhage is recurrent instead of continuous, a much
larger total loss occurs before life is extinguished. Serum is absorbed

from all the soft tissues of the body, which become thereby very

shrunken. The fluid in the arterioles is so dilute that it filters

through them, and a certain amount of cedema of the eyelids and
extremities occurs; and the "blood" that escapes in the final

haemorrhage looks thin and watery : more like coloured serum
than blood. In such cases the patient faints with each return

of the haemorrhage, and the pulse becomes very feeble and rapid,

with a soft artery which feels empty between the successive pulse

waves. The temperatui'e falls two degrees or more below the

normal, and the patient is so weak that he is liable to faint or

die if raised in bed, or if his arms are allowed suddenly to drop over

the bed-side. There is great thirst, but absorption of fluid from
the stomach is slow, owing to the very wateiy condition of the

blood.

The early period of recovery from a severe haemorrhage is often

marked by a condition called hcemorrhagic fever. The temperature is

raised, the pulse is frequent and soft, with a large wave, but an empty
artery between the cardiac systoles. The patient is very weak and
thirsty, the urine is scanty, the bowels are confined, and complaint is

made of a sense of throbbing in the temples. For some time after a

severe loss of blood there is marked anaemia, which may be permanent,

and render the patient an easy prey to infective diseases; or the

anaemia may be slowly recovered from ; after middle life the recovery

is rarely complete.
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IV. THE CONSTITUTIONAL TREATMENT OF
HEMORRHAGE.

In a case of severe haemorrhage constitutional treatment becomes
of great importance, and it is directed to three special ends : (1) the

prevention of a recurrence of the bleeding
; (2) the compensation, as

far as possible, of the immediate effects of the haemorrhage ; and (3)
the speedy repair of the loss of blood. In every case of haemorrhage
care should be taken to avoid everything liable to renew the bleeding

;

but it is only when the loss of blood has been serious that it is

important to try to compensate for its immediate effects, and to

secure its speedy repair. What follows applies to cases in which
a serious loss of blood has occurred.

Indications.— (1) The first great indication is to secure for the

patient the most complete rest, in the horizontal position if

possible. This protects injured vessels from the local effects of move-
ment, which may displace ligatures and coagula, but it is especially

valuable as quieting the heart's action, lessening arterial tension, and
diminishing nervous, muscular, and cardiac exhaustion. The quiet

and the lessened heart's action produced by the "shock" of every

severe injury and operation are most beneficent in their influence in

arresting and preventing the recurrence of haemorrhage, and care

should be taken not to hurry on " reaction," lest it lead to renewed
bleeding. After a great loss of blood, restlessness is often a marked
effect, but it must be checked as far as possible by gentle, quiet

restraint.

(2) The next indication is to maintain the temperature of

the patient by covering him with warm blankets, and by placing hot

bottles to the feet, between the thighs, and on each side of the trunk.

The clothing must not be heavy nor tucked in tightly, especially over

the chest and abdomen, lest the respiratory movements be in any
way hindered. After severe haemorrhage there is great difficulty in

supplying the tissues with sufficient oxygen, owing to the loss of

the oxygen-carrying red corpuscles ; the movements of respiration,

therefore, must not be in any way impeded by clothing or pressure,

especially as the respiratory muscles, in common with others, are

weakened by the loss of blood. For the same reason, the apartment

in which the patient lies should be thoroughly ventilated, no un-

necessary screens or other hindrances to the free movement of air

should be tolerated, and as few people and lights as possible should

be allowed in the room.

(3) The third great point to attend to is the prevention of

syncope, by favouring the blood-supply to the brain. The patient

must be kept flat on his back, and all attempts to raise the head

must be checked ; in very bad cases the head may be allowed to be

a little lower than the chest, and in extreme cases the limbs may
be firmly bandaged and raised, to drive the blood out of them, and

secure a more liberal supply to the brain.
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(4) The food of these patients should be warm fluid, given in

small quantities frequently ; hot water, hot water and milk in equal

parts, and beef-tea are the most suitable. As recovery progresses the

diet must be improved, farinaceous foods, white fish, chicken, and meat
being gradually added. Constipation will probably be troublesome,

and is best combated by a daily enema, or by a pill containing iron,

aloes, and mix vomica. If sleeplessness and restlessness are marked
features, bromidia in 5ss doses two or three times a clay will be

found serviceable.

(5) For the resulting anaemia, the main indications are pro-

longed rest, a carefully-regulated, light, nutritious diet, residence

at the seaside or in moorland air, with as much sunshine as pos-

sible, thorough ventilation of the rooms both by night and by day,

and such tonics as the milder preparations of iron, arsenic, cod-

liver oil, quinine, and mix vomica. A sea voyage is often beneficial.

When, in spite of the arrest of the bleeding and the treatment
above described, the patient gets worse, his pulse weaker, and the

syncope more marked, stimulants may be given. Subcutaneous in-

jection of ether (itixx to il\xxx for a dose) is the best, because the most
rapid in its action, and it may be repeated at short intervals. Other

good means are a sinapism over the heart, brandy and hot water by
mouth, by enema, or rubbed on the tongue and lips. An ounce of

brandy or other spirit in two or three ounces of hot water may be
thrown into the bowel, and is more efficacious than pure spirit ; for

the heat is a stimulant, and the water may be absorbed and add to

the fulness of the vessels. Where haemorrhage is still continuing,

stimulants can only do harm by increasing the rapidity of the flow.

Where open vessels are closed by blood-clot only—not a ligature,

suture, or by torsion—stimulants may excite fresh bleeding by dis-

placing the clots. Their use, therefore, requires great care and
discrimination. In cases where death is threatened from extreme
loss of blood, transfusion should be practised.

Transfusion and Saline injection.—Where life is endangered
by a severe haemorrhage, the most valuable means of averting death

is the injection of suitable fluid into a vein. At first it was thought

necessary to inject blood ; then it was shown that defibrinated blood

was as good; and lately a saline solution has been shown to be as

effective in its immediate results as blood, and far safer and simpler

to use. A certain degree of arterial tension is essential to the

carrying on of the circulation, and when the vessels have been

emptied beyond a given point, the heart's action is entirely in-

effective ; any innocuous fluid which will then restore the adequate

arterial tension enables the heart to act and the circulation to

proceed.

When pure blood is used

—

immediate transfusion—great

care must be taken not to introduce any coagulum, which would form

an embolism, and might cause instant death. Roussel's apparatus is

very ingenious, and successful in the inventor's hands, but it requires

considerable practice to use it properly. Aveling's apparatus is the
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Fig. 151.—Aveling's Transfusion Apparatus.

simplest and the best (Fig. 151). It consists of a miniature Higgin-

son's syringe without valves, and fitted with a proper silver cannula

at each end of the rubber tube. The whole is immersed in and filled

with warm saline solution, and then the cannulas are passed into the

prepared veins in the "giver" and "receiver" of the blood. By-

closing the "giver" tube with the finger and thumb, and gently

compressing the ball, it is emptied into the " receiver's " vein ;
if

now the " receiver " tube is compressed, and the ball allowed to

expand, it fills from the "receiver's" vein. By repeating this

manoeuvre, the desired

amount of blood can

be passed from the

"giver" to the "re-

ceiver." If any diffi-

culty is experienced in

filling or emptying the

syringe, it shows that

clotting is occurring,

and the transfusion

mustbe at oncestopped

When defibrinated blood is used

—

mediate transfusion—the

simplest plan is to draw the blood into a wide-mouthed enamelled

receptacle standing in a vessel of water at a temperature of 105°.

After thoroughly " whipping " it in this vessel, the blood is strained

through fine muslin into a similar jar, also standing in water at 105°.

This blood is then passed into the receiver's vein by means of a

silver cannula, with a tube and funnel attached, or a syringe, such as

that of an aspirator, or an ordinary glass syringe.

Since such excellent results have been obtained with saline
injections, bothforms of transfusion have been abandoned. The much
greater simplicity of this plan, its freedom from the risk of embolism,

and the fact that it entails no sacrifice of blood by another, all com-
mend it as superior to transfusion. The fluid used may be either

boiled water containing a teaspoonful of common salt in the pint, or

a solution containing 50 grs. of chloride of sodium, 3 grs. of chloride

of potassium, 25 grs. each of sulphate of soda and carbonate of soda,

and 2 grs. of phosphate of soda, in a pint of boiled water. The
solution should be injected at a temperature of 100° F., and at least

as much as 30 fl. oz. should be introduced ; in some cases several

pints have been injected. The injection should be made steadily,

with little force and without the admission of air. A vein exposed

in a wound may be chosen, or one of the subcutaneous veins at the

elbow or the dorsum of the foot may be opened. Into the open vein

a glass vulcanite or silver cannula is passed, to which a short length

of rubber tube is attached, and the solution is injected by means of a

glass syringe with a nozzle fitting the tube. Or a glass funnel and
two feet of rubber tube may be attached to the cannula, and the

solution poured into the funnel, raised eighteen inches above the

patient. The syringe is, perhaps, the safer instrument, as there is
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less chance of an admixture of air bubbles than when the fluid is

poured into a funnel.

Whatever plan is employed, all the apparatus must be previously

thoroughly cleansed with a suitable antiseptic, and then flushed with
boiled water at 100° F. The injection may be followed by a sharp,

but short, rise of temperature.

Injection of fluid into the vessels should only be employed wher.

the loss of blood has been stopped, and it is particularly indicated in

cases of haemorrhage pure and simple, as from a ruptured varicose

vein, a punctured wound of an artery, etc. Mr. Mayo Robson has

shown, however, that it is a very valuable means of combating the

profound shock which is liable to occur after certain prolonged
abdominal operations.

The ligature of an artery in its continuity.—When an
artery is tied in its continuity, the circulation through it is suddenly
arrested, and certain changes occur in the walls of the vessel itself.

We will first notice the changes that occur in the artery, and then
the effects of a sudden block in the arterial circulation of a part.

(a) Changes in the artery*—The effects of the ligature vary
with the degree of tightness with which it is tied. The coats of the

artery may be merely thrown into several longitudinal folds which
occlude the lumen. If more force is used, limited lacerations of the

inner and middle coats are produced. If the ligature is drawn
tight the inner and middle coats are entirely severed, and the

portion of the outer coat encircled by the thread is compressed and
anaemic. Opposite the knot even the tough outer coat of the artery

may be divided. These injuries of tightly tied arteries are well

shown in Fig. 152, taken from Ballance and Edmunds' valuable

monograph on "Ligation in Continuity." (I am greatly indebted
to the authors of this work for much valuable matter which I

have incorporated in this Article and in Article XXV., and also

for the permission, most readily granted, to use several of their

original illustrations.) The blood coagulates upon the divided

arterial coats, and the thrombus gradually extends on each side

of the ligature, in some cases as far as the next branch of the

artery. As a rule, the clot is slower in formation and smaller in

size on the distal side of the ligature. As the result of the injury,

the vessels in the sheath of the artery and in the adjacent arterial

wall itself dilate, and serous fluid exudes into the sheath and artery,

and leucocytes migrate from the dilated vessels, and pass in numbers
into the arterial walls and into the clot. Stimulated by this excess

of pabulum, the fixed cells of the part—sheath and artery, including

the endothelium—proliferate, and plasma cells thus arising, infiltrate

the arterial wall and the clot within it. The clot gradually dis-

integrates and disappears, the strangled zone of outer coat is also

absorbed, and the occluded artery is converted into a vascular fibro-

cellular cord ; the organisation of the clot and its vascularisation

occurring in the way that has been previously described (page 520).

The ligature is either absorbed, encysted, or thrown off. (See page 521.)
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By this process, then, the artery is divided, and its ends are sealed

over by a cicatrix. Experience shows that even with aseptic liga-

tures and aseptic wounds this process is attended with a certain risk

of secondary haemorrhage ; this becomes a very serious danger in

those arteries where the branches are large, and so placed that only a

short length of artery inter-

venes between them, and can

be thus obliterated. In the

physiological occlusion of

arteries, such as occurs in

the ductus arteriosus, and in

pathological occlusion from

the pressure of tumours or

of contracting cicatrices,

hseniorrbage never occurs

;

it is therefore evident that

this danger is introduced by
the method employed by
surgeons. A study of the

physiological process shows
that it differs from the surgi-

cal mainly in this : that no
injury is inflicted upon the

arterial wall ; none of its tis-

sues are divided or strangled,

but the endothelium under-

goes great proliferation, this

excites coagulation of the
blood in the vessel, and the thrombus thus formed is replaced by con-

nective tissue with certainty and safety.

It has been shown that a ligature can be tied so as to

occlude an artery without severing any of its coats, and that
when it is thus tied a thrombus forms within it, and is replaced
by a connective tissue scar in the artery. It is urged in favour
of this mode of ligature that it is unattended with the risk of

secondary haemorrhage

inherent in any method
which divides the coats

of the artery, and that

it is capable of safe

application in situa-

tions where the older

form of ligature has

been found bo be inap-

plicable

—

e.g. the in-

nominate artery. Against this form of ligature is urged the

difficulty of applying it with just the amount of force required

to occlude the vessel, and yet not to lacerate its wall ; if not tied

tight enough, the vessel may become pervious again, and the same

Fig. 152. —Drawings of longitudinal Sections of
Human Arteries after Ligature with Kanga-
roo Tendon. The upper artery is the super-
ficial femoral artery ; the lower is the third
part of the subclavian artery, in this case all
the coats of the artery are severed and the
thin sheath only remains. (Ballance and
Edmunds.)

O
B

Fig. 153.—A, Transverse Section of first part of Subclavian
when collapsed ; b, the same under a Pressure of
240 min. of Hg; c, Transverse Section of collapsed
superficial Femoral Artery ; d, the same Artery under
the Pressure of 240 mm. Hg. (Ballance and Edmunds.)
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result may follow too rapid absorp-

tion of the ligature. While ad-

mitting the justice of these objec-

tions, they do not appear to out-

weigh the important advantage of

safety against haemorrhage, and the
balance of evidence is, therefore,

decidedly in favour of applying liga-

tures to arteries in continuity with-

out division of their inner coats.

Although this method should be
used in all cases, it is of especial

value and importance where the

ligature has to be applied near a
large branch or to a diseased artery.

This form of ligature, no doubt,

requires greater care than the other

method; but this is no argument
against its employment. The liga-

ture should be one of the less ab-

sorbable forms—silk or tendon

—

_*—-
, V'-^SS-

Fig. 154.—Transverse Section of superficial

Femoral Artery (x 100), showing the
thickness of the ihree coats. (Ballance
and Edmunds.)

1, Outer; 2, middle; and 3. inner coat. The
outer coat is much thicker than in other
large arteries.

-' - : " - '
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J
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f. 155.—Transverse Section of the
Common Carotid Artery (x 190),
showing the thickness of the three
coats. (Ballance and Edmunds.)
1, Outer; 2, middle and a, inner coat.

and, of course, it should be carefully

prepared to render it aseptic, and
every pains taken to secure primary

aseptic healing of the wound.
It must be remembered that the

arterial walls are much thinner

during life when exposed to the

normal blood pressure than they are

when empty and collapsed after

death. The wavy outline of the

elastic membrane of Henle is en-

tirely due to this shrinking of the

empty vessel, and is lost when the

artery is distended by the blood.

Ballance and Edmunds found that

the thickness of the common carotid

artery of man, when collapsed, is "78

mm., but when distended with a

pressure of 240 mm. of mercury it

is reduced to -29 mm. The thick-

ness of the suDerficial femoral
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artery is reduced in the same way from -72 mm. to '51 mm-
(Fig. 153). These differences represent the extremes met with

in large arteries. It is very important to remember the tenuity of

the walls of living functional arteries. Still more noteworthy is

the extreme thinness of the outer coat of large arteries. Thus in the

innominate artery the outer coat is only about one-fourteenth of the

whole, in the common carotid artery one-twenty-fifth, and in the

superficial femoral artery a little more than a quarter of the entire

arterial wall. For the smaller arteries the proportion is considerably

modified, but in the larger vessels, which are most often the seat of

ligature in their continuity, if the liga-

m tare severs the inner and middle coats

it leaves only a very thin layer of tissue

to withstand the force of the circulation

» (Figs. 152, 154, 155).

If, from imperfect tying of the liga-

ture or its too rapid softening, the

lumen of the artery is not occluded, a

:

!

; / i
ring of fibrous tissue, or even a com-

'vfy, .:..;.,.... ;;;...-.
,: ,-j }>!< 'to diaphragm, may form in the in-

terior of the vessel without alteration in

the vessel above and below. These
''

,

' "diaphragms" are caused by prolifera-

tion of the cells of the intima, as a

result of the compression of the liga-

ture, and the subsequent development
of this cushion of thickened intima into

eesobs » fibrous tissue. This effect may be pro-

Pig. 156.—Nated-eye Appearance duced when the lumen of the artery
of a Human Carotid Artery , , , . .

^

108 Days after Ligature wit b has been merely narrowed, or tempor-

fateut^utlts ffiaftoraS ai?y occluded
>
or temporarily occluded

3 mm. in diameter, being con- with rupture more or less complete of
tracted by a diaphragm.

its inner coats. (See Fig. 156.) When
an artery is tied in its continuity, the

pressure of the blood within it tends to loosen the first knot while the

second is being made, and this in the case of the surgical knot as well

as the reef knot. For this reason Ballance and Edmunds have recom.

mended the " stay knot" (Fig. 157), which, they say, can be applied

without any risk of this accident. The "stay knot" is made by
using two strands of ligature material, making a simple knot with

each singly, and then tying together each pair of ends. If the reef

or surgical knot be used, the artery above should be compressed while

it is being tied, so that the knot may not be exposed to the pressure

of the blood until it is completed and secure against slipping.

This liability for an artery which has been tied to become pervious

again is of great practical importance. It may render the operation a

failure in its effects, as when an artery is tied for the cure of aneurysm.

It also affords a very strong argument against so tying an artery as to

rupture its inner coats, and leave only the thin and weak outer coat
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asepsis

In this

to withstand the full force of the arterial blood pressure, with the
danger of its yielding and forming an aneurysm, or causing'secondary
haemorrhage. J

There are a few cases recorded where the ligature of an artery
in its continuity has been followed by the development of an
aneurysm

:
as a result, no doubt, of the weakening of the vessel

by division of its inner tunics, and failure of the ligature to occlude
the vessel permanently. It appears that the condition of
tends to lessen the length of clot formed in a tied artery,
indirect mode it may
increase the liability to
repatency of the vessel.

(b) E fleets on the
circulation. — When
from any cause, liga-

ture, embolism, throm-
bosis, or the pressure of

a tumour or cicatrix, an
arterial trunk is obliter-

ated, the parts supplied

with blood by it are

blanched, and the

branches arising below
the obstruction are pulse-

less. The part quickly

becomes cold and be-

numbed, and if, from
the extent or position of

the arterial obstruction,

or from any other cause,

the anastomotic circula-

tion is not established,

the part dies, under-

going the changes de-

scribed as "dry" gan-

grene. More usually

blood is carried into the empty vessels by the numerous anastomoses
that exist almost universally in the body. At first all the communicat-
ing vessels dilate and participate in this, for the resistance they offer

to the passage of blood is less than that offered by the capillaries, and
the blood flows from the full arteries in the direction of least resist-

ance. Certain special vessels gradually enlarge, undergoing a true

hypertrophy, and serve as the main channels of the blood, while the

others contract to their normal size. (See Fig. 158.) The pulseless

arteries are felt to beat again, and sometimes the enlarged anasto-

mosing vessels can be felt beating under the finger. The temporary
deprivation of blood causes the vessels beyond the ligature to yield to

the pressure of the blood first brought to them through the anasto-

mosing channels, and thus the pallor and coldness are followed by

-The first (a) and second (b) Stages of the St.^
knot. (Ballance and Edmunds.)
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increased redness and heat in the part, which gradually subside as

the tissues recover their full vitality. A similar effect is seen after

the removal of an Esmarch's bandage : the pallid anaemic tissues

blush, and then gradually resume their natural appearance. In some
cases the sudden anaemia is attended with severe pain in the part,

and in the case of an embolus the sudden acute pain may be

associated with tenderness of the empty arteries. Finally, the part

is generally a little shrunken and cold, owing to the blood supply

being below the normal.

The treatment of such a part requires care. It should be

placed in the position most favourable to the circulation. As a

rule, this is slightly raised, with the-joints

a little flexed. It should be swathed in

cotton wool, kept in place by a loosely-

applied flannel bandage, and outside this

a hot bottle should be placed. Great
care must be taken not to have any tight

bandage, splint, or other application, nor
any hot bottle next the surface, nor ex-

posure of the part to cold. Any such

injury may lead to gangrene from inter-

ference with the circulation, or from its

direct lethal influence upon the anaemic,

almost lifeless, tissues. In the later stages

gentle massage promotes the circulation

in the part.

Gangrene after ligature or wound
of an artery.

Causes.—One of the dangers of the

ligature of a main artery in its continuity

or of its division in a wound is gangrene.

It maybe of the "dry" or the "moist"
variety, the tissues in the one case dying
from the insufficient supply of blood,

and in the other from failure of the

venous circulation. The causes of " dry gangrene " after ligature

or sudden occlusion of an artery are disease or degeneration of

the heart weakening the force of the arterial circulation, great

haemorrhage lessening the blood pressure, extensive disease of the

arteries—either atheroma or calcification—preventing their enlarge-

ment for the anastomotic circulation, the obstruction of a considerable

length of an artery, or the formation of a thrombus in a diseased

artery when the feeble stream of blood first reaches it through the

anastomosing vessels. In certain situations there is special difficulty

in enlarging the anastomosing vessels, as when they run, like the

vertebral and internal carotid, through bony channels ; tight bandag-

ing would have the same effect. Dry gangrene most often occurs,

therefore, in the aged, or after a profuse haemorrhage. Horsley has

shown that when the common or internal carotid is ligatured the

Fig. 158.—Showing- Effects of
Ligature of Femoral Artery.
(After Porta.)

«, Femoral artery of a dog : b, obli-
terated portion of artery : c, c,

anastomosing vessels in sartorius
and pectineus.
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communication between the two anterior cerebral arteries is free

enough to maintain the vitality of the front part of the brain, but
that there is a great danger of fatal anaemia of the parts supplied by
the middle cerebral artery, as the posterior communicating artery is

unable to carry sufficient blood into it. Hemiplegia is a frequent
result of ligature of the common carotid artery, and after death an
abscess is frequently found in the parts that have been rendered
anaemic, the bloodless tissues offering no resistance to the develop-

ment of pyogenic organisms which have reached them through the

feeble stream of blood with which they are supplied.

Moist gangrene is more often met with after ligature of an artery

than is the dry forcn ; it occurs when venous obstruction is super-

added to the block in the artery. This may be due to wound or

ligature of the companion vein; or to a thrombus forming in it, as

the result of contusion or compression ; or to pressure on the vein or

veins by effused blood or a tumour—especially an aneurysm. In
these cases the force of the heart is expended, first, in propelling the

blood through the anastomotic channels, and then in overcoming the

resistance of the capillaries ; and there is no force remaining to

propel the blood through the veins if any obstruction is offered.

The application of heat or cold or an attack of erysipelas may
cause death of a part whose vitality is lowered by ligature of its

main artery, when no such effect would be produced on healthy

tissues by influences of the same intensity. Either form of gangrene
occurs more often in the lower than the upper limb.

Extent.—The features of dry and moist gangrene are elsewhere

described (page 129). Here we need only note that dry gangrene from
obstruction in an artery may be of quite limited extent, or may involve

the whole part up to the seat of ligature. Thus the circulation may
only fail in the most distant parts

—

e.g. the toes—or a patch of dry

gangrene may be occasioned by a thrombus forming in an artery,

the seat of advanced calcification ; or some particular anastomotic

vessel may fail to enlarge : e.g. the posterior communicating cerebral

artery. In such cases the gangrene is limited to a particular area of

the primarily anaemic part. But in other instances, from great loss

of blood or very feeble action of the heart, or advanced and general

disease of the arterial system, or division or compression of many of

the channels of anastomosis, the circulation in the entire part fails,

and death occurs up to the seat of the ligature, or embolus, or other

source of obstruction. Owing to the freedom of anastomosis around

joints, the gangrene is not infrequently arrested at a joint.

Moist gangrene, on the other hand, usually extends at once up to

the level of the arterial obstruction, for its exciting cause is generally

some form of venous obstruction at this level, which affects the

circulation in the entire limb below. By infection of the tissues it

may spread up the limb above the seat of ligature.

The gangrene is usually noticed soon after the ligature—from the

third to the tenth day is the most frequent time—but its occurrence

may be delayed even so long as three or four weeks.
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The utmost care must be taken to prevent gangrene by carrying

out the treatment already specified for anaemic parts. (See page 534.)

Treatment.—In the case of dry gangrene involving only a

limited area of the anaemic part, the surgeon should do his utmost to

"nurse up " the neighbouring parts by local warmth and by judicious

feeding of the patient, and, if necessary, the exhibition of appro-

priate cardiac tonics and stimulants, or narcotics and anodynes. It

must be remembered that the parts adjacent to the gangrenous

tissues are in a condition of "suspended animation;" their life is

hanging in the balance, and no operation should be performed upon
them. Gradually, if all goes well, the circulation becomes more
vigorous, and the increased vitality of these parts is shown by the

separation of the sphacelated portion When this evidence of the

activity and vigour of the living parts exists, the surgeon should,

with the least disturbance and injury, divide the bones and
tendons—the most resistant structures—and so hasten what would

otherwise be a tedious process ; a little "trimming" of a stump may
also be required. This waiting for the " line of demarcation " is

unattended with danger, as absorption of poisonous material does

not take place from the dry gangrenous parts.

Where the entire member up to the level of the arterial ob-

struction is in a condition of dry gangrene, amputation should be

performed as soon as the patient's general condition renders it wise.

Delay is not dangerous, as we have seen, but there is no local reason

for delay, as the parts above the gangrene are not affected and
" half killed " by the same injurious influence that has produced the

gangrene. But if the patient is suffering from a severe loss of blood

or any grave general disturbance, delay in operating is, of course,

wise.

In moist gangrene the conditions are entirely different ; the dead

tissues are a source of continuous toxic infection of the patient, and

there may be also a progressive local infection and spread of the gan-

grene. The extent of the gangrene, also, is known—up to the ligature.

For these reasons, as soon as its existence is certain, the surgeon

should amputate at the level of the obstruction ; that will usually

necessitate the division of the bone at a higher level, as the flaps must

be fashioned from unquestionably healthy tissue.

V. SURGICAL HEMORRHAGE : ITS VARIETIES AND
PRINCIPLES OF TREATMENT.

The varieties of haemorrhage, or bleeding, are classified, ac-

cording to their cause, into pathological and traumatic ; according

to their seat, into cerebral, pulmonary, uterine, cutaneous, etc.

;

and these are grouped into external and internal, according as the

blood flows from the surface or collects in some cavity or tissue

of the body. External haemorrhage is of chief interest to the

surgeon ; it is spoken of as arterial, venous, or capillary, according
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to the nature of the vessel from which the blood escapes; and another

very important classification is made, according to the time after an
injury at which bleeding occurs, into primary, intermediary, and
secondary.

External hasmorrhag'e.—When blood is seen to flow from
the whole surface of a wound, oozing out like juice from a cut

orange, and not escaping from definite points, which can be re-

cognised as the mouths of severed vessels, it is usually spoken
of as capillary hemorrhage. The blood is generally bright red in

colour, and really escapes from the arterioles of the part ; the

bleeding from a cut finger is a familiar instance of this kind of

hemorrhage. It is the least important variety, as the loss of blood

is slower, and is more easily arrested than when vessels of larger

calibre are opened. When blood flows very freely from the whole

surface of a very vascular tissue, it is sometimes spoken of as

parenchymatous hemorrhage; hemorrhage from the lung, liver,

spleen, kidney, erectile tissue, and very vascular tumours is of this

nature.

When an artery is divided, bright red blood is propelled from its

cardiac end in a forcible pulsatile stream, which rises with every beat

of the heart, and falls in the interval. It can be arrested by firm

pressure on the cardiac side of the wound. As the loss of blood

continues, and the heart's power becomes less, or the opening in the

vessel becomes narrowed, the distance to which the blood is propelled

diminishes, and the effects of the ventricular systole become less

marked, until the blood merely trickles from the end of the vessel.

Sometimes the spontaneous closure of the artery suddenly arrests the

flow of blood.

The characteristic features of arterial haemorrhage may be lost;

thus, in cases of asphyxia, whether from obstruction to respiration

or an anaesthetic, the blood flowing from an artery is dark in colour.

When the blood does not escape directly, but flows along a narrow
or sinuous channel, as in the case of a punctmred wound of a deep
artery, it no longer escapes in jets propelled to a distance from
the body, but flows evenly and continuously from the surface ; but in

such a case the rapid loss of bright red blood indicates the source of

the haemorrhage. Where anastomoses are very free, as in the head,

face, and hand, blood will flow and even spurt out from the distal

end as well as the proximal, either at once or after a short interval.

When a vein is wounded, dark red or purple-black blood wells up
in a constant stream, uninfluenced by the cardiac contractions. It

flows from the distal end of the divided vessel, and in the case of a

large vein the flow is very rapid, and the blood may be projected to

a short distance from the wound. The haemorrhage is arrested by
pressure on the distal side of the wound; it is often seen to be

increased by expiratory efforts and by muscular strain. In the case

of varicose veins, or of healthy veins wounded above their valves

—

e.g. the common femoral vein—blood flows from both ends of the

divided vessel, and the haemorrhage may be very profuse.
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The force and rapidity with which blood flows from a wounded
vessel depend upon the size of the vessel and its nearness to the

heart, the size and direction of the wound in the vessel, and the

force of the heart's contractions. The complete division of a vessel

tends to clo-se it and arrest the haemorrhage : in the case of an artery

by allowing its retraction and contraction, and in the case of a vein

by its collapse.

Internal haemorrhage is of great importance, not only from
the loss of blood from the circulation, and in many cases the great

difficulty of arresting it, but also from the disastrous local effects

of the effusion of blood, particularly in the brain. This subject,

so far as it is surgical, is dealt with in other chapters of this work,

and here we need only refer to subcutaneous luemorrhages, or

haemorrhages into the connective tissues of the body. When the

infiltrated blood is in small quantity, filling out the potential

cavities of the connective tissue, and not forming a distinct tumour,
it is known as an extravasation or suggillation • when it is massed
into a distinct tumour, but without communication with an artery,

it is a litematoma ; and when the communication between the

artery and the blood tumour persists, it is a traumatic aneurysm.

{See page 629.)

Primary haemorrhage is that which occurs as the direct and
immediate result of a wound of a vessel. The term is employed
exclusively in reference to bleeding from injury ; where disease, such

as ulceration, opens up a vessel, the conditions from the first are

those of secondary haemorrhage.

The principles of treatment of primary haemorrhage.
(a) Arterial.—If the haemorrhage has been arrested by natural pro-

cesses, the surgeon should not interfere, and should be careful not to

displace any of the clots in the wounded vessels by careless handling

of the wound—especially rubbing. There are two exceptions to this

rule :—In the case of an artery divided in a wound, the distal end
may not bleed at first ; but yet it is desirable to seek for it, and
secure it in a ligature or by torsion, lest it bleed when the anasto-

motic circulation is established in full vigour. In a punctured

wound of an artery, even when a clot has formed and stayed the

haemorrhage, the artery should be tied above and below the puncture,

md the vessel divided between the two ligatures, to avoid the

dangers specially connected with punctured wounds, viz. recurrent

and secondary haemorrhage and traumatic aneurysm.

The second great principle of treatment of wounded arteries is

to secure wounded vessels in situ; for this purpose the wound should

be enlarged, if necessary, even when this involves much greater

difficulty than would ligature of the main artery of the part on the

cardiac side of the wound. This principle rests upon the following

facts :—Until the bleeding point is actually exposed, it is often

impossible to determine from what artery a given haemorrhage is

occurring, and, therefore, if the main artery is tied on the cardiac

side of the wound, the bleeding may not be arrested, or the operation
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may entail a much greater interference with, the arterial supply of

the part than is necessary.

For example, a gentleman was shot in the groin with a small

bullet : a great effusion of blood resulted : instead of opening up the

wound and searching for the wounded vessel, the surgeon proceeded

to tie the external iliac artery. After death it was found that the

blood had all been poured out from a wound of one of the small super-

ficial branches of the common femoral artery. Take, again, the case

of a stab in the axilla, with free arterial bleeding. The bleeding may
be from wound of the axillary trunk or of one of its larger branches,

such as the circumflex or subscapular, or from an intercostal artery.

Without enlargement of the wound and actual exposure of the bleed-

ing point, it may be impossible to determine the source of the

haemorrhage. Suppose that in place of this the surgeon were to ligate

the subclavian artery in the third part of its course : if the wound had
involved an intercostal artery, the haemorrhage would continue un-

affected. If, however, the wounded artery were a branch of the main
trunk, the operation would have interfered with the arterial supply of

the whole upper limb without any necessity ; and even if the axillary

trunk itself were wounded, such a method of treatment might still fail

to arrest the haemorrhage, because blood might flow through anastomos-

ing channels into the artery between the ligature and the wound.
This principle is of extreme importance, and the exceptions to its

application are very few, and only arise where to carry it out would
be impracticable ; those exceptions are mentioned in the section on

the wounds of special vessels.

The third cardinal principle of treatment is to secure both ends of

the wounded artery, because the anastomoses of the branches of

arteries are so numerous and free, and are so capable of enlargement,

that blood readily finds its way into the distal portion of a divided

artery, and escapes from the end if it is not securely closed. In
certain situations, where the arterial anastomoses are particularly

free—as in the scalp, face, and hand—blood will at once spurt out

from the distal end of a divided artery almost as forcibly as from the

cardiac end. But in other situations, even when there is no flow of

blood at first, the dilatation of anastomosing channels soon brings

blood freely into the wounded artery, and then haemorrhage is liable

to occur from the distal end of the vessel. It must be borne in

mind that when an artery is divided, or ligated in continuity, and its

distal portion is for the time empty, the resistance offered by the

anastomosing channels opening into it is less than that of the terminal

capillaries supplied by the communicating arteries, and this accounts

for the rapid establishment of the "anastomotic circulation" The
necessity for securing the distal end of a divided artery is an addi-

tional reason for tying a wounded artery in situ. In some cases,

when there is no haemorrhage from it, it may be impossible to find

the distal end of a divided artery ; but diligent search should al-

ways be made for it in the case of a vessel of any size.

In applying these cardinal principles for the treatment of
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wounded arteries, torsion or the aseptic ligature is the best means
to adopt.

(b) Venous.—The treatment of venous haemorrhage presents far less

difficulty, as a rule, than does arterial bleeding. The collapsibility of

a vein, the low blood pressure within it, and the negative pressure in

the veins near the heart, combine to remove most of the difficulties

presented by wounded arteries. As a rule, only the distal end of a

wounded vein requires to be secured. But the exceptions to this

rule are very important exceptions ; they are first, all veins

influenced by the aspiration of the chest (see page 504) ; secondly,

all varicose veins ; and thirdly, all veins devoid of valves on the

cardiac side of the wound or which bleed from the cardiac end.

Superficial veins are easily controlled by a pad and bandage ; deep
veins should be ligatured. A punctured or lateral wound of a vein

should be closed, if possible, by a lateral suture, or by a compress,

without division of the vein. In the case of a wound of the main
vein of a limb, it has been suggested that the companion artery

should be tied as well as the vein, to prevent moist • gangrene ; but

the suggestion is based on imperfect premises, and experience has

shown it to be wrong.

On the other hand, when a surgeon is ligating an artery in its

continuity for any purpose, and he happens to wound the companion
vein, it has been shown to be the best practice to tie the artery at

another spot, either just above or just below, and to leave alone the

puncture in the vein, unless blood continues to flow from it after the

ligature on the artery is tied. The explanation of this point of

practice is twofold : in the first place, a puncture or lateral wound
in a vein heals securely without occlusion of the main channel ; and,

secondly, the ligature of a main artery in its continuity so lessens

the pressure of the blood in the main veins of the part, that the

feeblest adherent clot is not displaced, and the process of cicatrisa-

tion of the vein is not imperilled.

(c) Capillary haemorrhage is readily arrested by the application

of cold, of heat, or of pressure ; none of these means must be used

of such intensity as to injure the living tissues.

(d) Parenchymatous haemorrhage is more difficult to deal with,

for it only occurs in circumstances in which the natural means of

arresting haemorrhage are at a minimum. The best means to employ

are heat, the actual cautery, or the compression of a careful suture,

or by means of a sponge or pad ; styptics should be avoided, as a

rule. The free haemorrhage from an incision into the kidney can often

be arrested either by sponge pressure or by irrigation with hot water,

and, if these fail, by a suture ; haemorrhage from the placental site is

best controlled by flushing the uterus with hot water ; bleeding from

the liver or spleen may be arrested by closing the wound accurately

with sutures ; haemorrhage from very vascular tumours is best

arrested by styptics or the actual cautery.

Intermediary haemorrhage is that which is due to interrup-

tion in the tempoi'ary closure of a wounded vessel. It comes on
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within twenty-four hours of the infliction of a wound, before the
process which results in the cicatrisation of the vessel is at all

advanced. It is, in fact, a recurrence of the primary bleeding, and
it most often arises from imperfect arrest of the primary haemorrhage.

Causes.—(1) The first is reaction from the shock of an injury or

operation ; this is attended with increased heart-power and dilatation

of arteries, and therefore soft, recently-formed coagula are liable to

be forced out of divided vessels. The frequency with which this

form of haemorrhage arises from premature or excessive reaction has
led to its being also called reactionary haemorrhage.

(2) The other great cause is movement of the part displacing an
external clot, and dragging upon the central clot and opening up
the vessel again. Movement may also displace a badly-applied

ligature ; it is also injurious, by stimulating the heart aud increasing

the arterial tension.

(3) Slipping of a ligature from faulty application, or its very
rapid softening, may allow the vessel to open up again.

(4) Failure to secure the distal end of a divided artery.—It

sometimes happens that the distal end of a divided artery does not
bleed at the time, but after an interval, when the heart has recovered

its power, and the anastomosing vessels have dilated, blood reaches

and flows from the open distal end of the artery.

(5) Failure to occlude the lumen of a wounded artery which is

the seat of a punctured wound.—We have already mentioned the

great liability to recurrence of the bleeding from punctured wounds
of an artery if the stream of blood through the vessel is not

arrested. The clot which forms in the puncture is very liable to be

forced out during reaction from the shock of the injury, when the

blood pressure rises to the normal, or even above the normal.

As intermediary haemorrhage is a recurrence of primary haemorr-

hage, and has no special features of its own, it must be treated in

all cases in accordance with the principles that guide in the treatment

of primary bleeding. The wound must be opened, and the bleeding

vessel sought and secured by a ligature.

Secondary haemorrhage.—Secondary haemorrhage is usually

defined as occurring at any time between twenty-four hours after

the infliction of a wound and its complete healing. Such a defini-

tion is meaningless and useless, and ought to be abandoned.

The true definition of this variety of haemorrhage is " bleeding

arising from failure in the repair of an injured or ligatured vessel,

or from ulceration into a vessel." Most of the cases are traumatic

in origin, but haemorrhage arising from ulceration into an artery is

of the same nature, and requires the same treatment as secondary

traumatic haemorrhage. No form of bleeding is so insidious or so

terrible as secondary haemorrhage, and its treatment is beset with

difficulties. It is very important for the surgeon to be thoroughly

acquainted with its causation and phenomena, and to have a firm

grasp of the principles to be applied in its treatment. Formerly it

was of frequent occurrence, but the introduction of aseptic surgerv
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has rendered it rare, although it has not entirely abolished it froin

surgical practice.

Causes.—Secondary haemorrhage occurs under one of two
conditions

:

(1) When the lumen of a vessel is opened up by ulceration of its

walls (septic arteritis).

(2) When the pressure of the blood within it ruptures a healing

artery before a strong resisting cicatrix has been formed.

1. Septic arteritis.—The infective material may reach the

artery from the general wound surface, on the weapon inflicting the

wound, in the ligature applied around the artery, from an abscess

cavity or infective ulcer adjacent to the artery, or from the blood

within the artery. The results of such infection will vary with the

intensity of the infective material and with the vital resistance of

the arterial walls. Even when the ligature is septic, and suppura-

tion occurs around the artery, there may be no interference with

the plastic healing processes in the artery and its contained clot,

and the vessel may be permanently and securely obliterated above
and below the line of ulceration about the ligature. But if the

infective material in the wound be very virulent or contains the

streptococcus pyogenes, a spreading destructive inflammation of the

part may occur, and expose the patient to grave danger from bleed-

ing. On the other hand, age, cachexia—especially from septicaemia

and pyaemia, diabetes, chronic renal disease, or alcoholism—and
advanced atheromatous or calcareous disease of the artery, are

conditions which may seriously lessen the vital resistance of an
artery to septic infection and destroy its power of resisting the

attacks of pyogenic organisms. Of equal or even greater import-

ance in this respect is the severance of some of the coats of an
artery by a ligature or other haemostatic. With all its coats intact

an artery may be bathed in pus and stand proof against ulceration

;

but if the middle and inner coats are ruptured and the outer coat

contused or strangled, the tissues become an easy prey to infective

organisms, and, in any case, the process of ulceration is greatly

facilitated.

2. Raspttare ©f a healing artery.—We have already seen

that the clot inside a divided or ligatured artery becomes honey-

combed by intercommunicating fissures into which blood flows from

the open artery, and that these channels form communications with

new vessels developed from the columns of plasma cells passing

through the arterial walls into the clot. The blood in these channels

is (lowing with the same pressure as the blood in the artery, and
thus it comes about that the young cellular tissue, which is destined

to repair the artery and develop into firm resistant cicatricial tissue,

is exposed to considerable force ; in adverse circumstances it is

ruptured by it, and secondary haemorrhage results. The conditions

which tend to facilitate this accident are threefold : increase in the

blood pressure in the repairing artery, hindrance to or impairment of

the reparative process, and weakening of the arterial wall.
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The blood pressure may be increased by plethora, by cardiac

hypertrophy, by chronic renal disease, or by excited action of the

heart from mental or physical stimulation.

The rapid and perfect repair of an artery is impeded by advanced
disease of the vessel, by cachexia, by hemophilia, by adjacent in-

flammation, by the proximity of a large branch of the artery through
which blood continues to flow, and, in the case of punctured Avound

or incomplete division of an artery, by the forcible stream of blood

flowing through the vessel.

The weakening of the arterial wall is caused by division of any of

its coats ; and when it is borne in mind how thin the outer coat of an
artery—pai-tieularly of some arteries—is, and how great a proportion

of the total thickness of an artery is due to the inner and middle coats,

it is apparent that a ligature or other haemostatic agent which severs

the inner coats does thereby greatly lessen the strength of the artery

and its power to withstand the pressure of the blood. (See page 531.)

We may repeat here that the physiological occlusion of such an
artery as the ductus arteriosus is effected by Nature without the
severance of any part of its walls, and without any danger whatever
of secondary haemorrhage. That severance of part of the thickness

of an artery should facilitate, and render quicker and safer the

repair of the vessel, is contrary to all we know of the repair of

other parts and tissues. Nowhere does increase of an injury pro-

mote its repair.

It must be remembered that while we have spoken of two con-

ditions leading to secondary haemorrhage, and discussed them sepa-

rately, they may, and often do, co-exist. Septic arteritis may destroy

the end of a divided vessel, but above it a plastic process may
obliterate the vessel, and save the patient from haemorrhage when
a septic ligature separates and the end of the vessel sloughs off. On
the other hand, the influence of the inflammatory process may be
seen in such a delay of the reparative process in the artery beyond,
that when the ligature separates, the soft reparative material yields

before the blood pressure and haemorrhage occurs. In other cases

the septic inflammation is so intense that it arrests all efforts at

repair and the artery is directly ulcerated into.

One or two other special causes must be noticed. Thus the knot
of a ligature, if very hard and tied firmly, may quickly ulcerate

through the thin outer coat of the artery, and open up the vessel

before the organisation of the thrombus has advanced far enough to

enable it to withstand the force of the circulation. For this reason

a flat ligature is preferred by many surgeons, and in any case a

supple thread. (See Fig. 152.)

In tying an artery in its continuity, a branch may be wounded
just below the seat of ligature. At the time no haemorrhage occurs,

because the vessel is empty, but gradually, as the anastomotic circu-

lation becomes more vigorous, the tension rises in the wounded vessel

until the organising thrombus in it is displaced or torn through, and
secondary haemorrhage occurs. Premature softening of a ligature
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which has severed the inner and middle coats of an artery, by leaving

the thin outer coat unsupported at a time when the healing process is

not sufficiently advanced to withstand the blood pressure, is another
occasional cause of secondary haemorrhage.

Idiopathic secondary haemorrhage occurs in all cases from dis-

integration of the arterial wall by septic arteritis. It is met with in

abscesses, ulcers, and infected wounds opening into a neighbouring
artery.

Thus we may enumerate the causes of secondary haemorrhage

as follows :—(1) Septic infection or sloughing of the artery, due
to infection of the wound, of the ligature, or of the blood clot- (2)

yielding of an arterial cicatrix
; (3) division of the inner coats of an

artery, weakening its walls
; (4) advanced disease of the arterial

wall
; (5) cachexia, haemophilia, chronic renal disease, diabetes

; (6)

plethora
; (7) increased force of the ventricular contractions

; (8)

punctured wound or incomplete division of an artery
; (9) proximity

to the ligature of a large branch; (10) special thinness of the outer

coat of an artery; (11) wound of a branch arising just below a

ligature in continuity
; (12) faulty ligature.

As the cause of secondary haemorrhage is in all cases a change in

the wall of an artery, causing it to yield to the internal blood

pressure, it often happens that the bleeding is preceded by an
aneurysmal dilatation of the end of the vessel. This is well seen

in the case of haemorrhage from phthisical lung cavities, where
arteritis is the cause of the bleeding, and is usually attended

with marked aneurysmal dilatation of the vessel before the bleeding

occurs. This occurrence of aneurysm must not be confused with the

bulbous form of a tied artery, which is due to the contraction of the

artery above the tied end from lessening of its function ; the actual

tied part cannot at once contract, because it is filled with clot.

Secondary haemorrhage very often occurs from the distal side of

an artery ligated in its continuity. Various reasons have been given

for this. It has been stated that the application of a ligature must
necessarily interfei*e with the vasa vasorum supplying the vessel wall

immediately below it, while it need not affect at all those supplying

the vessel above it. Again, the internal clot is smaller and later in

being formed on the distal than the proximal side of a ligature.

Another and probably more important explanation lies in the fact

that the obstruction offered by the capillaries of a part is greater*

than that offered by the anastomosing channels through which the

blood flows when a main artery is tied. The blood pressure in the

artery above the ligature is determined by the obstruction offered by
the channels of anastomosis ; but the blood pressure in the artery

below the ligature is determined by the obstruction offered by the

capillaries of the part it supplies. The pressure may, therefore, be

greater in the artery on the distal than on the proximal side of a

ligature.

Phenomena of secondary naemorrhage.—Secondary

haemorrhage is always caused by progressive molecular disintegration
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of an artery, and the breach in its walls is at first minute, and allows

only a tiny stream of blood to escape. In and around this tiny

aperture a clot forms and stops the loss ; but as the disintegration

proceeds, this clot is detached, and fresh haemorrhage results. This
also may be arrested by a clot, and again a further disintegration

taking place, the haemorrhage is renewed. This recurrent character,

with a progressive increase in the amount of blood lost, until it

escapes in a full stream, is peculiar to secondary haemoi*rhage, and is

exceedingly important to bear in mind, for serious secondary haemo-

rrhage is always preceded by a slight loss, which should warn the

surgeon of what is about to occur.

The earliest sign, therefore, is the escape of a few drops of blood,

merely staining the pus or other discharge, and this may be mistaken
for oozing from granulations. The blood, however, will be noticed to

come from the depth of the wound, and to be unconnected with any-

thing that could injure granulations, such as probing. This oozing

stops, and in a few hours, or longer, is followed by another oozing

—more free this time—and again the bleeding stops. But after a

short interval another bleeding occurs, and this time, perhaps, the

loss is so rapid that unless quickly arrested by the surgeon it proves

fatal. Too much importance, therefore, cannot be attached to the

occurrence of a slight oozing of blood from the deep part of a wound in

which an artery has been tied or exposed, or from an abscess cavity

near a large artery. It is the herald of the dreaded secondary

bleeding, and the surgeon who observes it should at once make his

preparations to deal with the yielding artery, and the patient should

be continuously watched by a skilled attendant.

In some cases the haemorrhage is preceded by a rise of tempera-

ture and by pain and deep swelling in the part, due to escape of

blood around the artery.

Principles of treatment of secondary nsemorrBaage.—
As soon as ever it is clear that secondary haemorrhage has occurred,

active measures should be taken to deal with it. The fact that the

bleeding has ceased when the surgeon reaches his patient in no way
modifies this injunction. In the case of primary haemorrhage, when
the bleeding has ceased the surgeon should not interfere; but in a

case of secondary haemorrhage no such rule must be followed, for

Nature is unable to deal permanently with a yielding and ulcerating

vessel, and the cessation of bleeding is but temporary, and will surely

be followed by a more profuse haemorrhage. For the same reason,

the amount of blood lost must not be allowed to decide the course

to be pursued. The slight haemorrhage is but the prelude to the more
profuse, and if the surgeon waits to interfere until the bleeding is

serious in intensity, he exposes his patient to grave danger, and
will certainly be called upon to act in less favourable circum-

stances. It is necessary to insist upon this point, because in its

early stages secondary haemorrhage is very deceptive, and the surgeon

may easily be thrown off his guard ; and the means to be adopted

may appear to the unthinking out of proportion to the obvious



546 INJURIES OF BLOOD-VESSELS.

necessities of the case. If success is to be attained, the proper treat-

ment cannot be carried out too early or too thoroughly.

When the very first trace of haemorrhage is noticed, the main
artery above should be controlled by digital compression or an artery

compressor, in the hope that, by diminishing the blood pressure in

the injured artery, repair may progress and seal over the wound with
an unyielding cicatrix. The pressure, if successful, must be con-

tinued for several days, and left off gradually. This treatment is

likely to succeed in those cases where the haemorrhage is due to the

proximity to the ligature of a large branch of the artery, or to the

weakening of the arterial walls by disease, or their severance by the

ligature. It is not so likely to succeed where septic arteritis is

disintegrating the vessel. Where it fails, or where a free haemo-

rrhage has already occurred, and in situations where it cannot be
employed, the artery should, if possible, be ligatured.

For secondary haemorrhage from wounded arteries, such as those

in amputation stumps, or from arteries in the walls of abscesses and
ulcers, the treatment that is almost always necessary is to open
the wound—however far advanced healing may be—turn out the

clots, and expose the bleeding vessel, which must then be secured by
a carefully-applied ligature. Until this is done, the haemorrhage is

stayed by the use of a tourniquet, where that is possible. The
wound itself should be opened up rather than the main artery be cut

down upon at a distance, because it is often uncertain exactly what
vessel may be bleeding; and to ligature the main artery of a stump
or part may be unnecessary, while the anastomotic circulation may
quickly lead to further loss from the unobliterated vessel. When the

wound is opened up, a careful search may be needed to find the artery

at fault, for the opening in it may be closed by a clot ; the surgeon

must carefully look for such a clot, may then rub the wound well with

a sponge, and particularly follow up any stream of bright arterial

blood, however small. Having found the vessel, he must proceed to

ligature it. This is not so easy as in the case of a primary wound.
The artery is more or less perfectly embedded in inflammatory exuda-

tion or granulation tissue, which fixes it to its companion vein, nerves,

and other structures. Its own wall may also be so attenuated by the

former ligature, or by septic arteritis, that it tears through at once

if seized in a forceps. The blunt end of a director should be used

to separate the artery rather than a knife or any sharp instrument.

When the artery has been previously divided in a wound, it is

separated well above the wound surface, and there carefully tied.

When the artery has been previously tied in its continuity, or is

ulcerated into in its continuity, a double ligature should be placed on

it, above and below the leak, and well away from the surface of the

wound. The ligatures should be of aseptic silk, and tied so as not

to divide the inner and middle coats of the vessel. Torsion,

acupressure, and forcipressure should not be employed in the treat-

ment of secondary haemorrhage.

To secure the artery with a ligature is, however, only half the
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surgeon's aim. He must also endeavour to render the part aseptic;

for if he does not succeed in this, the continuation of the process

which led to the bleeding will lead to its recurrence. The greatest

care should be taken to apply efficient antiseptics to every part of

the wound, and especially to the vessel and the tissues around it.

A light antiseptic dressing should be applied, thi-ough which

bleeding, if it recurs, will at once be detected, and the patient should

be constantly watched. Great care should be taken to keep the

arterial tension as uniform as possible ; to this end, strict rest should

be enjoined; the diet should be light and unstimulating ; the bowels

should be carefully regulated and relieved, if necessary, by enema ',

while pain and restlessness must be subdued by opium. As far as

possible, all excitement must be allayed, and the patient must be

encouraged to believe that no recurrence of the bleeding will occur.

In certain conditions the treatment by ligature cannot be car-

ried out

:

—
(a) Where the tissues are sloughy, and a ligature cannot be

made to hold, but at once cuts through the vessel, the actual cautery

should be employed. The cautery must be at a dull red heat, and
applied for a long time, so as to char the artery and surrounding

tissues deeply. This not only secures a firm temporary closure of

the vessel, but it renders its end aseptic, and it is this fact which
explains the success yielded by the cautery in some apparently des-

perate cases.

(6) In certain suppurating and sloughy wounds, the haemorrhage

occurs not from any one large artery, but blood oozes out from the

whole surface—" parenchymatous oozing." The bleeding has the

recurrent character of arterial secondary haemorrhage, and, if

unchecked, is ultimately fatal. To tie the bleeding vessels is im-

possible, and pressure is of only temporary avail. Such cases may
be dealt with by searing the whole surface with a hot iron, by daily

application of finely-powdered dried sulphate of iron, or, best of all,

by continuous irrigation with ice-cold boric acid solution.

(c) There are rare cases in which, a few days after an operation,

venous bleeding occurs, and recurs day after day, delaying healing,

and eventually becoming serious from loss of blood. Where it can be
exerted, firm pressure is the best means to adopt in these cases ; in

other instances styptics may be injected into the wound. The writer

has met with two instances of this haemorrhage. In one the venous
bleeding, gradually becoming more abundant, persisted for more than

a week after excision of the mamma for scirrhus ; in the other it

occurred after amputation through the lower third of the thigh.

(d) In certain other cases the opening up of the wound and
ligature of the bleeding artery is impracticable, on account of the

position of the vessel. The deep arteries of the neck, groin, and
abdomen are instances of this. In such cases the only course open
to the surgeon is the careful plugging of the wound with aseptic

gauze, which must be kept in position undisturbed for several days.

In the case of cancerous ulceration into arteries, which occurs most
s 2
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often in tne neck and groin, any treatment is unavailing to save life;

and many surgeons regard active efforts to stop the bleeding as

uncalled-for and inexpedient if they give pain to the patient. In
the groin success may be obtained by passing a large curved armed
needle deeply beneath the artery and vein and ligaturing them en
masse.

(e) In the case of amputation at the shoulder joint or hip joint,

where secondary haemorrhage comes on when the stump is almost
healed, it has been proposed to ligature the main artery higher up
rather than cause severe shock and extensive wound surface by
opening up the stump. Such a practice has been followed by success,

but the ligature of the bleeding vessel at the seat of injury is the

more satisfactory procedure, as already stated.

(/) In some instances, when it is known what artery is bleeding,

instead of opening up the original wound, and finding a healthy

portion of vessel to tie above or below the leak in it, it is better to

cut down on the artery through a fresh wound, and apply the

ligature. This may not only be an easier means of reaching and of

tying the vessel, but it may be safer, inasmuch as the second wound
can be kept free from infection from the first. For example, in a case

of amputation through the lower end of the femur with secondary

haemorrhage, known to be from the popliteal artery, it is sound
practice to tie the superficial femoral artery in Hunter's canal.

(ff) In certain cases where the ligature presents special difficulties

—

e.g. either tibial artery in the leg—firm compression of the part

has been recommended ; the pressure must be applied very evenly

and cautiously, and should be left undisturbed for several days.

When secondary haemorrhage occurs from an artery that has been,

tied in its continuity, careful compression of the artery where tied by
a pad and bandage may be tried at the first occurrence of the bleeding

;

but if it is not wholly successful, valuable time must not be lost in

readjusting the bandage, but a ligature should be put on above and

below the bleeding point. If now we take the case of an artery tied

in its continuity from which secondary haemorrhage recurs even after

renewed ligature, there are at least two courses open to the surgeon.

He may tie the main artery higher up, or he may amputate the limb.

In the lower limb a double block in the main artery exposes the

patient to so great a risk from gangrene that it should not be made.

In the upper limb the conditions are more favourable, and a second

block in the arteries may not cause gangrene. The main artery may,

therefore, be ligatured higher up, and only when that has failed

should amputation be resorted to. In the lower limb, where re-

ligature of the artery at the same spot has failed, amputation is the

only resource. The amputation may be at a spot immediately above

the seat of ligature. The explanation of the success attending ampu-

tation when ligature in continuity fails lies in the fact that removal

of the limb greatly lessens the function of the main artery, and this

leads to contraction of the arterial trunk for some distance above

—

as high as the subclavian or iliac trunk—and to diminution of the
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lumen of the vessel by endothelial overgrowth. In some cases the

amputation substitutes an aseptic for a septic wound.

The constitutional treatment of hemorrhage already described

must be carefully carried out. The patient must be kept at rest,

and a nurse must be in constant attendance both to attend to all his

wants and to observe immediately any recurrence of the bleeding,

and to arrest it by a tourniquet.

Y. WOUNDS OF SPECIAL VESSELS.

Of the head and neck.—Wounds of the common carotid
artery, if not immediately fatal, must be treated by a double liga-

ture of the vessel, and if secondary haemorrhage occurs, the artery

may be re-ligatured above and below the first ligature ; and if that

fails to arrest the bleeding, the wound must be carefully plugged.

Wounds of the infernal carotid artery must, if possible, be dealt

with by a double ligature at the seat of injury; if secondary

haemorrhage occurs, the common carotid artery and the orifice of

the external carotid artery should be tied. When the vessel is

wounded close to the skull it is quite impossible to ligature it there,

and the surgeon must then trust to tying the artery lower down in

the neck or the common trunk.

Wounds of the external carotid artery and its branches.

—

Wherever possible the divided ends of the artery should be picked up
and tied, and care must be taken to tie the distal end, as the anasto-

moses of the branches of this artery are so free. In the case

of haemorrhage from the deep branches of the external carotid, such

as the internal maxillary, where the local ligature cannot be ap-

plied, the external carotid trunk should be tied just beyond the

origin of its thyroid branch ; and if this fails to arrest the bleeding,

the external carotid artery of the opposite side should be tied, as

in such a case the continuance of the haemorrhage will be due to

blood reaching the wounded vessels across the middle line through

the anastomoses from the other side. In no case should the com-

mon trunk be tied for wound of the external carotid or its branches.

In the case of the lingual artery wounded in the mouth, when the

bleeding point cannot be seized the vessel may be tied in the neck
where it lies above the hyoid bone.

Wounds of the palatine arteries often bleed very freely : in

the soft palate the vessel can be seized in pressure forceps ; in the

hard palate, if this be impracticable, a ligature may be passed by
means of a fine curved needle, and tied ; and if other means fail, a

peg of ivory or wood may be forced up the posterior palatine canal.

The arteries in the face and scalp are often most conveni-

ently occluded by a suture, which serves the double purpose of clos-

ing the wound and arresting the bleeding ; harelip-pins or silk sutures

may be employed, care being taken to pass the suture beneath each

end of the vessel. For the scalp, pressure by pad and bandage may
be safely employed, as the underlying bone forms a firm surface for
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counter-pressure. Bleeding from a punctured scalp artery may
sometimes be arrested by completely severing the vessel ; this

method used to be employed after arteriotomy of the temporal
artery.

Wound of meningeal artery must be closed by a fine double
ligature : it is often impossible to seize the artery in forceps and tie

it, and then the ligature must be carried round the artery by a
needle passed under it. If wounded in a bony canal, it must be
plugged by gauze or an ivory peg.

Wounds of the subclavian artery appear to be invariably fatal:

wounds of the suprascapular or transverse cervical arteries must be

treated by double ligature in the wound. Wounds of the vertebral

artery present a special difficulty both in diagnosis and treatment

;

for as compression of the common carotid artery against the trans-

verse process of the sixth cervical vertebra may occlude the vertebral

trunk also, it is easy to see that the arrest of the bleeding from this

pressure may be wrongly taken to indicate that the wounded vessel

is the carotid or one of its derivatives when it is really the vertebral

trunk. The only way to make sure of the source of the bleeding is

to enlarge the wound until the ringer can be introduced and feel

the bleeding point. If the wound involves the vessel below its

entrance into the cervical spine, the artery sbould be tied above and
below the puncture ; but where it is punctured between two trans-

verse processes, there is no room to place a double ligature ; the

best plan in such a case appears to be to plug the wound very care-

fully, taking great pains to have the deepest part of the plug accu-

rately fitted in between the transverse processes of the vertebrae.

Ligature of the artery below the sixth vertebra and above the atlas

has been suggested : the operation is attended with difficulty and
some degree of danger.

Small wounds of the internal jugular vein should be closed

by a lateral ligature or suture of the vein ; extensive wounds of the

vein require a double ligature. Wounds of a cranial sinus must be

dealt with by careful plugging with a strip of aseptic gauze.

Haemorrhage from the socket of a tooth may be long con-

tinued and serious in amount. It is to be arrested by removing all

clots from the socket, and passing a narrow strip of lint firmly down
to the very bottom of the socket from which the blood is coming,

and then filling in the cavity lately occupied by the tooth with but,

until the bttle pad rises just above the level of the adjacent teeth.

This pad is held in position by firmly closing the patient's mouth.

Of the trunk.—Wounds of the internal maniniary and
intercostal arteries are best treated by double ligature in situ.

This subject is more fully discussed in Article XLIV., on The
Surgery of the Chest, Vol. IL

Wounds of the epigastric and lumbar arteries must be
closed by double ligature, and it is often necessary to enlarge the

wound considerably to expose the severed vessel ; the ends of the

epigastric artery, in particular, may be found considerably retracted.
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The artery of the frcenum prceputii is sometimes torn, and continues

to bleed freely. Complete division of the vessel in the wound often

stops the haemorrhage, especially with the aid of gentle pressure ; if

not, the proximal end of the vessel must be seized and tied. The
artery of the hymen, when torn, may also lead to serious haemorrhage ;

if pressure fails to arrest it, the vessel must be tied.

Of the upper limb.^If the axillary artery or one of its

branches be wounded, the bleeding vessel must be exposed and a
ligature applied to both ends. It is important to follow the cardinal

rule in these cases, as it is often difficult, and even impossible, to

determine by other means what vessel is wounded ; and the anasto-

moses of the branches of the axillary artery are so free that if a
ligature is not applied to the distal end of the wounded vessel the

haemorrhage is almost certain to recur. In such a case, considerable

enlargement of the wound may be necessary ; and if the wound is

high up in the axillary trunk, the pectoral muscles may have to be
divided. Until the vessel is securely ligatured the haemorrhage

must be controlled by compression of the third part of the sub-

clavian artery. Wounds of the axillary vein, if not too ex-

tensive, should be closed by a lateral ligature.

"Wounds of the brachial artery and of the radial and ulnar
arteries in the fore-arm must be treated by double ligature in situ.

Wounds of the palmar arches often occasion considerable

trouble. They may be dealt with by a carefully-applied graduated com-
press over the wound, combined with full flexion of the elbow. But the

results of this plan of treatment have been in many cases disastrous.

It is far better to enlarge the wound carefully, expose the bleeding

artery, and tie it on each side of the wound in it. To expose the

deep arch, the inner head of the abductor indicis may be detached
from the second metacarpal bone. If treatment by compression has

been tried, and has failed, the local ligature should be resorted to

whenever possible. But if this is impracticable owing to the slough-

ing in the palm, the graduated compress may be tried once more
;

and if this fails, the radial and ulnar vessels may be tied close above
the wrist, or the brachial artery at the bend of the elbow. Wher-
ever possible, the vessel should be tied at the seat of injury.

Of the lower limb.—Wounds of the gluteal and sciatic
arteries in the buttock are very serious injuries ; they should not be

treated by plugging the wound or the application of styptics. When
the vessel is wounded outside the pelvis, it should be cut down iipon,

and a ligature applied to each end. If exploration of the wound in

the buttock shows that the haemorrhage is from a wound inside the

pelvis, the surgeon may resort to compression of the common iliac

artery by tourniquet or the rectal lever, or he may place a ligature

on the internal iliac artery ; and the best way to reach it is through
the peritoneal cavity. Of these methods, the ligature is to be pre-

ferred whenever possible. Wounds of the femoral artery or its

branches require double ligature at the seat of injury. The same
method must be employed in wounds of the popliteal or tibial arteries,
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and wounds of the plantar arch are to be treated in the same way as

wounds of the palmar arch.

In cases of secondary haemorrhage from wounds of the femoral or

popliteal artery, the wound must be opened up, and the vessel re-

ligatured above and below the bleeding point. "When the haemo-

rrhage is threatening, it may be prevented by digital or other

compression of the main artery higher up, or by careful aseptic

plugging of the wound. If the bleeding recurs after a second liga-

ture of the vessel, amputation at the level of the wound in the artery

is the only resource, as ligature of the artery at a higher level

exposes the patient to the gravest risk of gangrene.

Wounds of the femoral vein are very grave injuries. A small

wound should be closed by a lateral ligature of the vessel, a large

wound by a double circular ligature ; the companion artery should

not be ligated unless wounded. If the heart and vessels are healthy,

the popliteal or the femoral artery and vein may be simultaneously

ligatured without the occurrence of gangrene. Rupture of a
varicose vein of the leg—or its wound—may be easily con-

trolled by the pressure of a pad, fixed on by a bandage extending
up from the roots of the toes.



XXIV. DISEASES OF BLOOD-VESSELS.

By A. PEAKCE GOULD, M.S. Lond., F.R.C.S.,

Senior Assistant Surgeon, Middlesex Hospital.

I. ARTERITIS.

Several varieties of arteritis, or inflammation of arteries, have been
described. These varieties are distinguished by their cause as

traumatic, embolic, and spontaneous; by their intensity and course as

acute and chronic, and by the coat of vessel most markedly or earliest

affected, as endarteritis, mesarteritis, and periarteritis. As a rule,

it is the inner coat which is the special seat of inflammatory change.

The older surgeons described a diffuse acute or erysipelatous arteritis

as a common disease. It is now known not to exist, the post-mortem
staining of the tunica intima having been mistaken for the redness

of inflammatory hypersemia. Very occasionally, in acute rheumatism,

the part of the aorta immediately adjacent to the heart may be the

seat of changes exactly resembling acute endocarditis. Rarely, also,

atheroma may develop acutely, run a rapid course, and lead to the

production of scattered patches of swelling in the tunica intima

of the aorta. These, however, are pathological curiosities of little or

no importance in surgery. The following varieties of arteritis are

of great practical moment :

—

The acute varieties include plastic or traumatic arteritis, sup-

purative arteritis, and embolic arteritis. Several forms of chronic

arteritis have been recognised. Of these the most important are

—

atheroma, syphilitic arteritis, tuberculous arteritis, and obliterating

arteritis. In each form the changes are most marked in the inner

coat of the artery.

1. Plastic or traumatic arteritis.—By this is meant the sum
of the processes which lead to the healing of a wounded artery. It

is characterised by the effusion of plastic lymph and its subsequent

organisation. According to circumstances, this lymph either seals

a wound in an artery, closes the end of a divided vessel, or infiltrates

a thrombus and occludes some extent of the lumen of the tube. It

is associated with similar changes in the sheath of the artery, for the

injuries which it repairs always involve the sheath as well as the

vessel. It is a strictly local process, with no tendency to spread far

beyond the iniured area. It is also a conservative constructive
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process, giving rise to no symptoms, requiring no treatment ; and it

is hardly accurate to speak of it as a disease of arteries, but rather

as a process of repair. We have already considered the details of

this repair in the previous Article. (See page 512.)

2. Suppurative arteritis.—This is an intense acute inflamma-

tion of the coats of an artery, caused by the growth of pyogenic

organisms, and is exactly analogous to acute suppuration in other

tissues. The arterial wall is infected in one of three ways : most
often by the spreading of suppuration and ulceration from the

surrounding tissues, sometimes by an infected ligature, and some-

times the poison may be contained in the blood, and infect the vessel

through the thrombus formed in it. However the disease originates,

it is attended with dilatation of the vasa vasorum in the sheath and
the outer coats of the vessel, and by a rapid exudation of serum and
migration of leucocytes. The wall of the artery is swelled and
softened, the endothelium is shed, and blood coagulates in the interior.

By the peptic action of the pyogenic toxines, the cells and fibres of

the arterial wall are broken up and dissolved, and the artery

"ulcerates." In some cases the destructive process is marked by
the formation of distinct sloughs of the vessel. The softening and
destruction of the vessel-wall exposes the patient to grave risk of

haemorrhage—this disease is the chief cause of secondary haemorrhage

—and, indeed, this result would be invariable were it not that the

blood coagulates within the vessel, and that often the clot completely

fills the artery and extends beyond the infected portion of the vessel,

which then becomes shut off by plastic arteritis. In small arteries

this often occurs. In large arteries the rapid stream of blood

interferes with coagulation, and may prevent complete obliteration

of the lumen with a clot, and then haemorrhage is sure to occur when
the arterial wall softens. A striking instance of this is when a large

artery is exposed in the wall of an acute abscess ; if the artery

becomes infected, that part of its wall which projects into the abscess,

yields, forming an aneurysmal pouch, and then bursts into the

abscess cavity. The haemorrhage in the late stages of phthisis may
be from this cause. A few years ago I had a case of suppuration

in the neck, in which nearly the whole length of the common
carotid artery was destroyed by this disease, and death occurred

from secondary haemorrhage. An abscess in the neck, into which the

common carotid artery had opened, was incised by Liston with disas-

trous result. The liability for the suppurative process to extend to

arteries is the reason why all acute abscesses near large vessels should

be opened and disinfected at the earliest possible moment. Injury

of an artery, as by a bullet or other foreign body, a sequestrum or a

ligature, renders it less able to withstand the influence of infection,

and the destructive process advances more rapidly.

3. Embolic arteritis may be considered separately, owing to

its great interest. When a non-infective embolus lodges in an

artery, the blood coagulates upon it until it completely blocks the

vessel, the endothelium proliferates, and all the changes of plastic
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arteritis, ending in permanent obliteration of the vessel, ensue. But
if the embolus is infective

—

e.g. a portion of fibrin containing micro
cocci washed from an aortic valve in a case of ulcerative endocarditis

—

an acute inflammation of the artery ensues, which often ends in

suppuration, and this is the explanation of the abscesses which occur
in the course of ulcerative endocarditis and pyemia. The arteritis

may, however, stop short of suppuration, and merely cause softening

of the arterial wall. Then, under the pressure of the blood, the

artery yields, forming an aneurysm, or it may burst and occasion

haemorrhage. Idiopathic aneurysm in children and young people is

probably always due to the softening effect of an irritant embolus

;

and some aneurysms in older patients are caused in the same way.
This form of arteritis occasionally occurs in the course of acute

rheumatism.

4. Atheroma, arteritis deformans, chronic endarteritis.—
These names denote a chronic sub-inflammatory disease of the arteries,

which is so common in old persons as to have been regarded as a

constant effect of old age. The inflammatory products always
undergo fatty or calcareous degeneration, and it has sometimes been

considered a degeneration of arteries rather than an inflammation.

But the disease is distinctly inflammatory in nature, and in its most
intense form has been described by Cornil and Ranvier as acute

endarteritis. All grades of intensity between this form of the

disease and the least intense, which most nearly resembles a de-

generation, are met with.

Causes.—Old age is the predisposing cause of atheroma, by
lessening the power in the arteries to withstand the strain of the circu-

lation and the the pressure of the blood within them. The exciting

cause of the disease is mechanical strain, and we therefore find that

all conditions which increase this strain tend to induce atheroma.
The disease is more frequent in men than women, and in those whose
occupation or habits expose them to sudden and severe or prolonged

effort. Plethora acts in a similar way, and on the other hand,

wasting disease protects from atheroma. The obstruction to the

flow of blood through the arterioles from arterio-capillary fibrosis, or

from spasm of the arterioles, which occurs in chronic renal disease

with contracted kidney, by raising the blood pressure in the arteries

excites this disease. Gout leads to atheroma, chiefly by causing renal

disease and arterio-capillary change, but possibly also in this

dyscrasia the blood itself acts as an irritant. Alcoholic excess is an
important cause of chronic endarteritis, partly from the direct irritant

influence of the alcohol, partly from the chronic renal disease it sets

up, and partly from the cardiac excitement it induces. Syphilis has

been asserted to cause atheroma, but this is doubtful ; if, however,

there is widespread syphilitic endarteritis of the smaller vessels, the

obstruction to the circulation thus induced may lead to atheroma.

That syphilis has any more direct influence in exciting the disease

has not been proved.

The distribution of the disease is strong evidence of the influence

s* 2
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of strain in its causation. It is most frequent in the aorta

—

especially its arch—and the large arteries. It is less common in the
smaller arteries, excepting those at the base of the brain. It is

more common in the arteries of the lower limb than of the upper,

because the pressure in them is greater ; and of all the visceral

arteries the coronary of the heart and the splenic are the most liable

to the disease. Atheroma is rare in the pulmonary artery, and is

only met with when the pressure in the vessel is increased, owing
to obstruction in the circulation in the lungs or at the mitral valve,

with compensatory hypertrophy of the right ventricle. The disease

attacks especially the curved parts of arteries and the parts around
the mouths of lateral branches, and where the vessel is in contact

with bone, as along the back of the descending aorta, at the back of

the femoral artery where it passes over the pelvis, and at the front

of the popliteal artery.

Naked-eye appearances.—The disease occurs in the form of

circumscribed raised patches on the inner surface of the artery.

These may be in the form of circles around the mouths of branches,

or in linear streaks, but are often oval in form ; they grow at their

margins, and so tend to coalesce. When these patches are numerous
and much raised they justify the term sometimes applied to the

disease

—

arteritis nodosa vel deformans. The patches are firm in

consistence, a dull white or yellow in colour, and they make the

vessel less elastic and resilient. In the later stages flat calcareous

plates are seen, and the edge or surface of a plate may be bared of

endothelium, and then is liable to have fragments of clot adhering to

it. In other cases, the atheromatous patches are softened down,

and when cut into a thick grumous fluid escapes—an atheromatous

abscess—or such an abscess having burst, a depressed pit is left in

the arterial wall—an atheromatous ulcer.

Pathological changes.—The disease begins in the deeper

layers of the tunica intima, in a proliferation of the small flattened

cells lying between the layers of fibrous tissue; this tissue also increases

in amount, and in all but the more acute forms of the disease—called

sometimes acute endarteritis—the diseased patches are formed in

greater part of thickened layers of fibrous tissue with a few oval, flat,

or stellate cells between them. Over this diseased area the super-

ficial layers of the intima, with the endothelium, are continued

unaffected. No vessels are developed in the new tissue, and after a

time, which varies much in different cases, degeneration sets in.

This assumes two forms : most often it is a fatty degeneration of

the tissue, but calcareous degeneration is quite common, and it

may follow upon the fatty change, or occur independently. The
fatty degeneration may be attended with softening of the tissue,

even to complete liquefaction and the formation of the so-called

" atheromatous abscess," the contents of which are not pus, but fatty

granules, oil-drops, and crystals of margarine and cholesterine. If

the liquefaction is less, a soft yellow patch is produced, and it may
be so entirely absent that the yellow area is dry and firm. Lastly.
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the fatty granules and debris may be absorbed and leave a cicatrix-

like depression in the vessel. The thin layer of endothelium and
superficial part of the intima over a softened atheromatous patch
is very liable to be ruptured ; the contents of the " abscess " are
then swept away in the blood stream, the larger portions blocking
up arterioles or capillaries, but owing to their non-infective nature,
not giving rise to any serious consequences. The deep surface of

the patch, which is then exposed, forms an "atheromatous ulcer";
its floor always shows fatty or calcareous

change.

Calcareous degeneration appears first

in the form of fine granules of lime-salts;

these then coalesce into flat plates of

varying size, and this form has given

rise to the name of laminar calcification,

to distinguish it from the annular calci-

fication met with in the middle coat of

arteries. These plates sometimes attain

a considerable size ; the endothelium
covering them is apt to be disintegrated

and expose sometimes the whole plate,

sometimes a sharp edge only. Occasion-

ally, such a plate gets partly or wholly
detached, leading to thrombosis or em-
bolism. The causes which determine in

some cases fatty change, and in others

calcareous degeneration, are not known
;

heredity may play some part : at any
rate, some individuals appear to have a
special tendency to calcareous deposit

(Fig. 159).
_

The middle coat of the artery is

invaded by the cellular growth in the

deeper layers of the intima, and the

muscle cells undergo fatty degeneration.

It has been suggested that the primary disease is atrophy of

the tunica media, and that the changes in the intima are of the

nature of compensatory hypertrophy, but most authorities are

now agreed in considering the disease as essentially a chronic

endarteritis. The outer coat of the diseased artery is the seat of a

varying degree of compensatory fibroid thickening, which is greatest

where the other coats of the artery have been most destroyed by the

disease. It is this thickening of the outer coat which prevents

rupture of the artery when an " ulcer " has formed.

Effects.—The most constant effect of atheroma is a loss of
elasticity in the artery, which entails a loss of force in the circulation,

as the systole of the heart is not supplemented by the elastic recoil of

the large arteries. The diseased vessel is also liable to yield under the

pressure of the blood, and atheroma is therefore of great importance

Fig, 159.—Laminar Calcification
of the Aorta. (.Middlesex
Hospital Museum.)
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in the causation of aneurysm. In the smaller arteries the thickening

of the intima partially occludes the lumen of the vessel, and in

some situations, as in the coronary arteries of the heart, the cerebral

arteries, and the arteries of the legs, this may lead to serious conse-

quences from impairment of the blood supply. It is stated that the

loss of power in the muscular coat of atheromatous arteries interferes

with the due regulation of the local supply of blood, and is one cause

of cerebral symptoms in old people with rigid arteries.

Exposed calcareous plates may excite thrombosis, and detached

portions, as we have seen, may form emboli; either of these con-

ditions may lead to gangrene. Arteries thus diseased are more
liable to rupture under the influence of injury than are supple,

healthy vessels ; and when the affection is far advanced it interferes

with the repair of injured vessels, and with the distension of arteries

which occurs in the establishment of anastomotic circulation. When,
from any cause, the force of the arterial circulation is markedly
diminished

—

e.g. loss of blood, ligature of a main artery—this disease

is very liable to excite coagulation of the feeble stream of blood.

Atheroma, therefore, is an exceedingly important condition, and in

many ways, directly and indirectly, leads to grave results.

Signs.—Well-marked atheroma can be recognised during life bjr

the elongation and tortuosity of superficial arteries, such as the

temporal and brachial, and by the too-marked " locomotion " of the

vessel with each pulse-wave ; the arteries are also less compressible

than normal. The effects of advanced atheroma are also to be
sometimes seen in coldness, wasting and diminished function of

parts, or in special effects, such as giddiness.

Treatment.—There is no method known whereby any improve-

ment or recovery can be obtained, but when atheroma is recognised,

the individual should so regulate his life as to reduce the arterial

strain to the minimum, and to sustain the nutrition of his tissues.

5. Syphilitic arteritis.—The disease is best known as it

affects the smaller arteries, especially of the brain and other viscera,

and in gummata ; but it is stated to occur in larger arteries also,

and in them to lead to aneurysm. The arteries become thickened,

indurated, and narrowed : the lumen may be completely blocked,

and the vessel reduced to a fibrous cord. The changes are most
constant and most marked in the tunica intima. This becomes
enormously thickened. Fine nuclei and cells appear beneath the

endothelium, then multiply and enlarge, and at the same time

become separated by fine fibre-cells and fibres. As the disease

progresses, a tissue like loose granulation tissue is formed, which
tends to become more fibrous ; new capillaries are developed in it,

which communicate with the vasa vasorum. By this growth of

the inner coat the lumen of the artery is narrowed, generally dis-

torted, often converted into a mere slit; and it may be completely

obliterated in the case of small arteries, either by extension of the

growth of the intima, or by the formation of a thrombus. The
tunica media is generally unaffected ; occasionally it is involved by
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an extension of the disease in the intima. The tunica adventitia is

generally thickened by an addition of fibrous tissue ; in rare cases

the change is most marked in the outer coat. The disease is chronic,

and probably recurrent ; it is the cause of thrombosis and local

anaemia, and so leads to cerebral softening and to the degenerative

changes in a gumma ; as already mentioned, it is believed by some

Kg. 160.—Syphilitic Arteritis. (From the Path. Soc. Trans., 1887.)

a, Outer coat ; b, middle coat ; c, fenestrated membrane of Henle : internal to which is the greatly
thickened intima ; d, greatly reduced lumen of the artery. (A specimen of Dr. Sharkey's.)

to play an important part in the causation of aneurysm. A prolonged

course of iodide of potassium is the best means of combating the

disease (Fig. 160).

6. Tuberculous arteritis.—The arteries in tissues the seat of

tubercular lesions show a change very similar to that in syphilis.

The intima is enormously thickened by a fine cell growth, and the

other coats are usually the seat of inflammatory change ; but the

essential and most constant and marked change is the thickening of

the intima, which is caused by the tubercle bacilli finding their way
into the vessel-wall. The lumen of the vessel may be reduced to a

fine slit only, or be wholly obliterated by the growth of the intima.

7. Obliterating" arteritis.—This name has been applied to a

rare disease, occurring independently of syphilis, tubercle, gout,

rheumatism, or other constitutional malady, and independently also

of embolism or injury. The cause is unknown ; it is most often

seen in persons of middle age, but the writer has met with the

disease in an otherwise healthy man of nineteen years of age and
in a woman of twenty-seven. The disease is believed to commence
in the small arteries, and thence to extend into the larger vessels.

It is characterised by a great, proliferation of the endothelium,

which gradually narrows the vessel, until it occludes it ; sometimes

thrombosis occurs to complete, the occlusion. The new tissue—and
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where present, the blood-clot—organises into fibrous tissue, new-

vessels passing down into it from the vasa vasorum. The arteries

are felt first of all to be firmer than natural with feeble pulsation,

and then they become hard, enlarged, and tender pulseless cords,

and finally these cords shrink and lose their sensitiveness. The
disease is a chronic one, often extending over years; but in some
cases, at any rate, it is arrested spontaneously. The parts supplied

by the affected arteries are pale and cold, livid on exposure, wasted,

and the seat of pain, which may be intense. Dry
gangrene of the extremities may occur. When the

disease is very severe, the pain is excessive, and slight

pyrexia may be produced. It has been met with in

both the upper and the lower limb, more often the

latter. No special treatment has been found of any
avail. While the disease is in progress the part

affected should be kept at rest and warmly swathed
;

anodynes may be required. Afterwards great care

must be taken to preserve the anaemic parts from
exposure to cold. Amputation has been practised

when gangrene has occurred. This disease stands in

need of a distinctive name, for other forms of

arteritis are equally " obliterating," " proliferating,"

and "hyperplastic"; for this we must wait, until its

cause has been ascertained.

Other affections of arteries.—Periarteritis
is an inflammation of the tunica adventitia and sheath

of an artery. As an independent affection it is rare.

It is stated to occur in the cerebral vessels, and
cause such weakening of their walls as to lead to

rupture, and Charcot stated that it is a frequent

cause of senile apoplexy. Occurring in the limbs, it

occasions swelling in the course of an artery with
pain and tenderness, but owing to the disease not

affecting the inner coats, no thrombosis occurs ; the

pulse is not lost, nor is the nutrition of the parts

supplied by the artery interfered with.

Calcification of arteries.—Calcification is, as we have seen, a

frequent termination of atheroma, large flat plates often being found
in the aorta and other large arteries. This form is known as laminar
or secondary calcification (Fig. 159). Calcareous degeneration is also

met with as a primary change affecting the middle coat of arteries.

The lime-salts are deposited in the muscular fibre cells, and as these

run circularly round the arteries, calcareous rings are formed, and
this variety is therefore known as annular or primary calcification;

when, by the extension of the degeneration, adjacent rings are welded
together, it is known as tubular calcification (Fig. 161). This disease

is a senile change, it occurs symmetrically, and is often associated

with atheroma. Its chief seat is in the small—not the smallest

—

arteries, but it is common in the brachial, popliteal and femoral

Fig. 161.—Tubu-
lar Calcifica-

tion of an Ar-
tery. (Middle-
sex Hospital
Museum.)
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trunks, and different portions of -these vessels may be the seat of

atheroma and of primary calcification. It can be recognised by the

rigidity of the artery under the finger, and sometimes by the
irregularity that can be felt when the finger is passed along the
vessel. By lessening, and then destroying, the elasticity of the

arteries, it impedes the circulation through the capillaries, and when
the degeneration is advanced, it also narrows the lumen of the affected

vessel. The part, therefore, is cold and slowly wastes, and sometimes
it is the seat of ill-defined pain. This degeneration has great surgical

importance, from three special effects that may follow it :—(1) The
intima is liable to become detached, owing to the interference with
its nutrition by the rigid barrier between it and the vasa vasorum in

the adventitia ; thrombosis is then very liable to occur, and as a result

of this, gangrene. (2) Under the influence of strain or slight injury,

it is believed that the calcified middle coat may snap, and that an
aneurysm may form in the thus weakened artery. (3) When from any
cause—thrombosis, embolism, pressure, or ligature—a main artery is

occluded, if the channels by which the anastomotic circulation have
to be carried on are calcified, they are unable to enlarge in response

to the call made upon them, and gangrene may result. This affec-

tion, therefore, plays a very important part in the causation of

senile gangrene and gangrene after wound or ligature of an artery.

Portions of bone have occasionally been found in arteries ; they are

said to be formed in the outer coat adjacent to areas of calcification.

Primary fatty degeneration of arteries is a disease of very
little, if any, surgical importance. It is met with principally in the

aorta and the large arteries, and occurs even in young people—in them,

it is said, from anaemia. It appears in the form of bright yellow spots

and streaks in the intima, which, under the microscope, are found to

be caused by fatty degeneration of the flat subendothelial cells. If

very advanced, the fatty degeneration may cause a little softened

spot, which may give way into the vessel and form a very superficial

erosion, known as fatty erosion. It has been suggested that such an

erosion may be the starting-point of a dissecting aneurysm.

II. DISEASES OE VEINS.

Thrombosis and phlebitis.—Inflammation of the coats of a

vein is called phlebitis; when it affects the intima it always causes

coagulation of the blood in the vessel, and this is called thrombosis.

It was at one time held that the presence of a clot in a vein was
evidence of previous inflammation of its coats, and every case of

venous thrombosis was spoken of as phlebitis. But it has been
shown that a thrombus may form in a vein quite independently of

phlebitis, although it subsequently excites inflammation of the vein.

The two conditions—thrombosis and phlebitis—are therefore very

closely associated, but they must be considered separately.

Venous thrombosis.—A blood-clot formed within a vessel

during life is known as a thrombus, and the process of its formation
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and the disease it characterises is called thrombosis. As we have
already seen, thrombi form in arteries as a result of injury and
disease, and play an important part in the repair of injured vessels.

But they are of very common occurrence in veins, and especially

frequent as primary diseased conditions, and for this reason, and
from the fact that the disease in veins plays an important part in

pyaemia and septicaemia, thrombosis is discussed under the heading
of diseases of veins.

Causes.—Fibrin is formed by the union of the fibrinogen of the

liquor sanguinis with the fibrino-plastin or paraglobulin of the white
corpuscles, under the influence of a fibrin ferment, contained either

in the same white blood cells or in certain special small colourless

corpuscles, called blood platelets. The setting free of this ferment is

an act of death ; it occurs when the corpuscles are brought into

contact with dead or imperfectly vitalised material, or when, from
any other circumstance, the corpuscles lose their vitality. The
pathological causes of venous thrombosis may be ranged under two
heads as follows :

—

(«) Conditions affecting the physiological integrity ©t
the Avails of veins.—These are injuries, such as incisions, con-

tusions, lacerations, exposure in a wound, burns, and the action of

caustics ; inflammation of the vein, whether spreading to it from
without, or lit up by an irritating thrombus or embolus ; degenera-

tions, which are much less common in veins than arteries, and are

chiefly met with in varices ; and the effects upon the veins of blood

stasis and exhaustion. It is believed that the integrity of the

endothelium of a vessel depends upon the rapid and uninterrupted

flow of blood through the vessel, and upon the activity of the

circulation in the vasa vasorum. In stasis both of these conditions

are wanting.

(b) Conditions affecting directly the physiological in-

tegrity of the Mood, particularly of its white corpuscles. These

are less clearly determined. The experimental introduction of a

sufficient quantity of " fibrin-ferment " into the circulation has been

shown to cause widespread intravascular coagulation ; and a smaller

quantity of the "ferment" causes febrile disturbances without

thrombosis. It is believed that in septicaemia and pyaemia a

liberation of the " fibrin-ferment " occurs, causing fever and the

multiple thromboses met with in these diseases. Other blood con-

ditions, such as gout and the result of exhaustion, may have the

same effect, and one way in which stasis leads to thrombosis may be

by the white corpuscles being deprived of their proper supply of

oxygen. Foreign bodies in the blood stream, such as a needle or a

thread transfixing a vein, emboli, existing thrombi, and micrococci,

cause coagulation of the blood by destroying its physiological

integrity.

While these may be regarded as the pathological causes of throm-

bosis, certain clinical causes must be separately considered. Of
these, the most important is interference with the circulation of the
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blood, especially when it amounts to stasis. Outside the body, com-
plete rest of the blood retards its coagulation, but during life it is

an important cause of thrombosis, owing to its interfering with the
perfect vitality of the vessel wall and with the proper interchange of

gases in the blood ; it also favours the adhesion of the colourless

corpuscles to the vessel wall and to one another. A slow venous
circulation may be due to a weak heart, to loss of elasticity in the

arteries, to dilatation of the veins, or to obstruction to the outflow from
the vein, whether caused by a clot in the vessel above, constriction

by a ligature or tight bandage, the pressure of a tumour, inflammatory

exudation or cicatrix, or to disease of the heart or lungs. Compression
of a vein, as of the femoral in long-standing flexion of the hip joint,

may be followed by thrombosis. The influence of stasis is shown by
the frequency with which coagulation begins in the sinuses behind

the valves in a vein, where it is reasonable to suppose that there is

least movement in the blood when the whole stream is slowed. In
the longitudinal sinus, the clot forms first along the superior surface,

at the part farthest removed from the openings of the cerebral veins,

where, in conditions of marasmus, the flow of blood is slowest. A
sudden alteration in the condition of the circulation may lead to

thrombosis. For example, when a patient first gets up and moves
about after an illness which has confined him to bed, the resumption

of the upright position may be followed by thrombosis in a vein of

the leg, especially in a varicose vein.

^Exhaustion is a frequent cause of thrombosis. This is often

exemplified in the later stages of phthisis and other suppurative

diseases, after typhoid and rheumatic fever, and after severe opera-

tions. The slowing of the circulation due to the weak action of the

heart, and the diminution in the quantity of the blood, the lowered
vitality of the vessel walls, and probably also of the white corpuscles

themselves, are the cause of the coagulation. When a clot has been
produced by some strictly local process, such as a wound, ligature, or

ulcer, exhaustion will often lead to its extension for a considerable

distance from its starting-point.

Infective blood conditions, such as pyemia and septicemia, have
already been mentioned. Apart from the debility they induce, and
the possible liberation of " fibrin-ferment " they cause, the micrococci

circulating in the blood have a powerful influence in exciting coagu-

lation wherever they happen to lodge.

Gout is a frequent cause of thrombosis, but it is not determined

whether the process starts in the blood—thrombosis, or as a gouty

inflammation of the vein—phlebitis.

Many cases of thrombosis occur in which it is impossible to

assign a cause, and these are, for want of exact knowledge, spoken

of as idiopathic in origin.

Varieties of thrombus.—When blood at rest coagulates, all

the corpuscles, both red and white, are enclosed in the meshes of the

fibrin, and the clot is red in colour; it is a red thrombus. On the other

hand, when the bloud is in rapid motion, as in the case of a puncture
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in a vein, or a thread transfixing it, the white corpuscles adhere

together, and then break up and lose their outline, and form a

greyish granular mass of fibrin, in which an occasional white

corpuscle may be recognised ; this is a white thrombus. As such a

clot extends, some of the red corpuscles may be entangled in it, and
impart to it a deeper colour, and thus all grades between the white

and the red thrombus may be met with. Sometimes a white

thrombus grows until it occludes a vein and causes stasis above and
below it, and then a red thrombus is formed on each side of the

original white thrombus ; such a clot is called a mixed thrombus.

The colour of a recent clot in a vein, therefore, enables us to judge

how it has been formed. The term hyaline thrombus has been sug-

gested for a white thrombus, in which the fibrin is in the form of

structureless hyaline material.

The growth of a thrombus.—An uninfected traumatic

thrombus is usually limited to the portion of

the vessel that is injured, but it is liable to

extend upwards and downwards as far as the

next branch, where the rapid flow of blood

appears to stop the coagulation. In cases

of exhaustion a thrombus, once formed, often

extends for a considerable distance along the

vein. Where the thrombus is infected there

is also a special tendency to its extension,

until it is closed in by a layer of uninfected

clot.

tv 1OT rm, t, *ir TIie changes which occur in a
Fig. 162.—Thrombosis of Vena _ _

=
. i-ry ,

Cava and iliac Vei as. thrombus vary in diflerent cases, and
upon them the importance of the condition

very largely depends.

(1) Organisation.—The process of organisation of a clot in a vein

is similar to that already described in an artery. (See page 512.) It

may convert the vein into a fibrous cord, or the spaces which form in

the contracting clot and open into the vein beyond may enlarge and
coalesce, and eventually form a continuous channel and restore the

patency of the vein. This channel may be placed centrally, the

remains of the clot appearing as a circular thickening of the vein, or

it may be excentric, the vein appearing greatly thickened on one
side.

(2) Calcification : the product being known as a phlebolith.—
Phleboliths are usually small, and are formed most often in clots

lying behind the valves of varicose veins, and in the branches of the

pelvic plexuses of veins. They may lie free in the channel of a

vein, being attached to its wall by a narrow pedicle, or they may
mark the site of an occluded vessel. They are composed chiefly of

phosphate of lime, with a small quantity of the sulphates of lime and
potash, together with about 20 per cent, of proteid matter.

(3) Red softening, disintegration, absorption.—A blood-clot may
be changed into a greyish -red pulp, the softening commencing
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in the centre and gradually involving the whole, until the pro-

ducts are poured into the circulating blood. The same process

may occur at the tip of a projecting thrombus, gradually melting it

away. In either case the detritus, or products of the softening or

disintegration of the clot, may be arrested in the pulmonary
capillaries, but being non-infective and unirritating, they give rise

to no symptoms, nor any inflammation. The disappearance of a clot

in this way, without obvious embolism, is sometimes spoken of as

its " absorption," but the term is not then used accurately. In this

process the blood-cells do not return to the circulation as living

functional corpuscles—the detritus of the clot is dead matter.

(4) Yellow or infective softening.—This is the most important

change that occurs in thrombi. It is only met with as the result

of infection of the clot with septic micrococci, whether these

organisms have reached it in the coagulating blood or from the wall

of the vein. It is always associated with septic phlebitis, either as

cause or effect. It is the result partly of the peptic action of the

toxines of the cocci, and partly of the suppurative phlebitis which
always accompanies such a change in the thrombus. The clot breaks

down into a reddish-yellow pus-like creamy pulp, which consists of

granular detritus, pus-cells, and micrococci. If this softening involves

the whole clot, the products of it are poured into the circulating blood,,

and the particles are carried to the lungs and lodge in the arterioles
;

as they are infected emboli, and contain septic micrococci, they set

up suppuration and " secondary abscesses." This process plays a
very important part in most cases of pyaemia. A softened septic

clot may be shut in by coagulation extending beyond the infected

portion of the vein, and, happily, this often occurs in the less intense

forms of infection, and so many cases of infected thrombosis end in

a local abscess.

(5) Embolism may occur from either a portion or the whole of a

clot being dislodged, or from softening of the thrombus. Its results

depend upon the nature of the embolus, whether simple or infective,

and upon its size and place of arrest. It is an accident of extreme
danger, and often occurs under slight provocation, and without any
warning. The possibility of its occurrence must not be lost sight of

in every case of thrombosis, and it may be useful to mention two
or three illustrative cases. A man in the out-patient room of the

hospital with a thrombus in the saphena vein, slapped the part to

show how little regard he paid to it—and fell dead upon the floor

—

the thrombus had been displaced by his blow and carried to the

heart; whose action it at once arrested. A woman, who had been in

Middlesex Hospital for six weeks for a fracture of the shaft of the
femur, attempted to sit up in bed, and almost immediately died from
a thrombus in the profunda vein getting displaced and carried to the

pulmonary artery. A woman, who had thrombosis of the pelvic and
iliac veins after delivery, when all the acute symptoms had subsided,

turned in bed and lifted her infant from the cot by her side, and by
this effort she displaced a large thrombus, which lodged in her heart
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and caused immediate death. These cases are mentioned merely to

indicate the extreme ease with which an embolus may be detached.

In many cases, fortunately, the embolus is smaller, and lodges in a

branch of the pulmonary artery, and after causing more or less

intense dyspnoea with slight haemoptysis, and perhaps a small area of

pneumonia, the patient recovers.

Site of thrombi.—Thrombosis occurs most often in varicose

veins of the lower extremity (see page 575) and in the pelvic veins.

The thrombosis of marasmus is very prone to affect the superior longi-

tudinal sinus. The lateral sinus is often thrombosed as the result

of infection from chronic disease of the middle ear, and the pro-

funda femoris vein from septic osteitis of the femur. No vein is

exempt.
Effects of thrombosis.—The first effect is obstruction to the

venous return of blood, and the result of this varies with the

situation of the thrombus. There may be no appreciable result

;

the channels of the venous circulation are so large and so numerous,

that in many situations the blocking up of one of them leads to no
serious consequence. In other cases slight and temporary oedema
occurs, which passes off as the anastomosing veins enlarge in response

to the special need. If a main vein is blocked the oedema is more
extensive, involving the whole thickness of the limb, and it is more
persistent. In these cases it is very liable to lead to a condition of
" solid oedema." Blocking of a deep vein may cause considerable

swelling of a limb without any superficial oedema.

The presence of a thrombus in a vein sets up inflammation of

the vein—phlebitis. If the thrombus is infective, this inflammation

is suppurative and terminates in abscess ; if it is non-infective, the

inflammation is of a low grade of intensity, and does not end in

suppuration.

The occurrence of embolism and pysemia have been already

sufficiently referred to. Lastly, thrombosis often plays an important
part in bringing about gangrene.

Symptoms.—The symptoms of thrombosis are the presence of a

firm cord-like swelling in the course of a vein, and local oedema. The
cylindrical swelling caused by the distended vein is enlarged opposite

each valve, but the exact outline of the vein may become more or

less obscured by inflammatory swelling around it. The patient ex-

periences a sense of stiffness or tightness in the part, or even acute

pain, and it is tender to the touch, particularly when septic suppura-

tion is occurring ; occasionally superficial veins are dilated. The
temperature at the outset is a little raised ; in septic thrombosis it

becomes of the septicsemic or pysemic type. When suppuration

occurs there are the usual signs of abscess.

Treatment.—As in phlebitis.

Phlebitis.—The various forms of inflammation of veins are

sharply divided into two great classes : the non-suppurative or plastic,

and the suppurative or septic.

1. Plastic phlebitis is an inflammation of the coats of a vein,
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attended with effusion of plastic lymph, and terminating in resolution

or in obliteration of the lumen of the vessel.

Causes.—The causes of plastic phlebitis are in the first place

injuries of all kinds, and this variety is called traumatic phlebitis.

The formation in a vein of a non-infective thrombus is a common
cause of phlebitis

—

thrombo-phlebitis. Inflammation may extend

to a vein from the tissues around it

—

phlebitis by extension.

Certain other cases are due to gout

—

gouty phlebitis ; and other cases

in which no definite cause can be determined are spoken of as idio-

pathic phlebitis. Heightened blood pressure in the veins produces a
chronic inflammatory thickening of their walls, to which the name
phlebo-sclerosis has been given.

Pathology.—The coats of the vein are affected in various

degrees. When the disease is lit up by the presence of a thrombus
the change is mainly seen in the inner coat, which is the seat of

active proliferation of the endothelial cells, many of which pass into

the clot. The middle coat shows but little change ; the outer coat

is swelled, its vessels are enlarged, and the number of nuclei and
cells in it is increased. In traumatic phlebitis, or phlebitis by
extension, the swelling and softening of the outer coat are more
marked, owing to a more abundant cell-infiltration ; the middle coat

is also invaded by the " plastic lymph," and the proliferation of the

endothelium is a marked feature. In all cases, a thrombus forms on
the altered intima. Generally the vessel undergoes the same changes

as occur in the permanent closure of a wounded artery (page 512),

but in some cases the inflammation subsides, and the vein is restored

to its former state. We have already mentioned that lateral wounds
of veins are far less often followed by occlusion of the vessel than are

similar injuries to arteries. In some cases this is due to the small

extent of clot formed, but more often to the dilatation and coalescence

of the spaces in the clot. (See page 511.) Traumatic phlebitis is

limited in extent to the injured part of the vein, and has no tendency
to spread. Thrombo-phlebitis also corresponds in extent with the clot

within the vessel. We have seen that thrombi grow, and may some-

times extend far up a vein, until an active stream of blood is encoun-

tered, and so it happens that while thrombo-phlebitis is usually limited

in extent, in some cases it spreads for some distance along a vein.

Gouty phlebitis is usually symmetrical, often subsides in one vein to

light up in another, and has a tendency to recur and to attack the same
vein more than once. A very chronic form of plastic phlebitis,

which slowly spreads along a vein in the direction of its current,

converting it into a hard impervious cord, is sometimes met with.

Phlebitis may attack any vein, but it is most common in those of the

lower limb, and particularly in the saphena vein.

Symptoms.—The symptoms are primarily those of thrombosis

—

a firm knotted cord is felt in the position of a vein, with oedema of the

tissues drained by it. The inflamed vein is tender and painful ; it

is swelled, with an indistinct outline, owing to the inflammatory

exudation in its sheath, and if the vein is superficial the skin over it



568 DISEASES OF BLOOD-VESSELS.

is reddened, and often it pits on pressure. There may be slight

febrile disturbance.

Gouty phlebitis may complicate an ordinary attack of gouty
arthritis, or may occur independently; the areas of inflammation are

often multiple, and the disease appears to be primarily an inflam-

mation of the vein-wall, and secondarily thrombosis; the pain is

often very severe, and it may last after the other acute symptoms
have subsided. In chronic obliterative phlebitis there is very

little pain, but the veins are felt as hard impervious cords, and this

condition slowly spreads up along the vein. In phlebo-sclerosis of

superficial veins the vessels stand out like tendons and roll under
the finger, but the blood current in them is not obliterated.

Treatment.—A patient with phlebitis should be placed in bed,

with the affected part at rest and evenly supported and raised on a

pillow to favour the venous return. All sudden movement of the

part, friction, or careless handling must be most carefully avoided,

lest embolism occur, and owing to this danger the treatment

must be continued after all acute symptoms have passed away.

Heat relieves the pain and favours resolution, but poultices and
fomentations are objectionable on account of the disturbance of the

part attending their renewal. The best local application is a thick

layer of cotton wool held in place by a " many-tailed " flannel

bandage loosely adjusted ; some surgeons recommend that the in-

flamed part should be thickly smeared with equal parts of extract

of belladonna and glycerine under the wool. This dressing should

only be disturbed at long intervals, and it has the merit of protecting

the clot in the vein from the fingers of patient, surgeon and nurse.

The bowels should be unloaded, if necessary, by a saline purge,

and the diet must be suitably regulated. In gouty phlebitis it

should be restricted to fish, light farinaceous foods, and a moderate
amount of milk ; alcohol, sweets, meat, and butter are best with-

held. In marasmic or " post-febrile " thrombosis, on the other hand,

the diet must be liberal—as liberal as the patient's powers of

digestion permit. It used to be thought that many cases of

thrombosis and phlebitis were due to an excess of fibrin in the

blood, and that to combat this condition a lowering diet was in all

cases indicated, but this view is incorrect. With the same view,

alkalies and iodide of potassium were generally prescribed " to keep

the fibrin liquid " ; in gouty phlebitis alkalies are undoubtedly

indicated, and if the symptoms are very acute, colchicum may be

added ; but in marasmic thrombosis, tonics and cod-liver oil should

be given ; in traumatic phlebitis no drug need be exhibited ; if

there is any reason to suspect a syphilitic taint, iodide of potassium

may do good. When the inflammation has subsided, if the oedema

persists, a bandage should be worn, and for threatened " solid

cedema," gentle upward frictions and hot douches are of service. In

cases of slowly-spreading chronic phlebitis an attempt should be made
to stop the process by excising a short portion of the vein above the

diseased part.
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2. Suppurative phlebitis.—This form of the disease is some-

times called " spreading phlebitis," but it is not a good name for it, as

it does not always spread, and spreading phlebitis, as we have seen,

may be adhesive or plastic in nature. It has also been called thrombo-
phlebitis, but this is too narrow a use of the term, for thrombosis

and phlebitis are associated in other conditions.

Causes.—The cause of suppurative phlebitis is infection of the

wall of a vein with pyogenic organisms, chiefly micrococci. The
infective material may be in the circulating blood, as in cases of

puerperal phlebitis remote from the xiterus, or may reach the vein in

the blood returning from a focus of suppuration, as a wound, "acute

necrosis," "facial carbuncle," or middle-ear disease. Infective in-

flammation may spread co a vein from the surrounding tissues, or a

portion of a broken-down infective thrombus may lodge in another

vein and set up inflammation—embolism. The poison, therefore, in

some cases acts primarily upon the vein, setting up phlebitis, which
excites thrombosis ; and in others the poisoned blood coagulates

within the vein—thrombosis—and the infection spreads thence to

the vein, setting up inflammation. The disease occurs most often in

connection with septic wounds, diffuse cellulitis, and " acute necrosis,"

and it plays an important part in most cases of septicaemia and
pyaemia, as the poison of these diseases generally enters through
the veins. In the secondary phlebitis of septicaemia, some local

condition may be at work to determine the part attacked. A
patient lately under the writer's care illustrates this : a woman, who
had been confined a month before, was admitted to the hospital

with suppurating phlebitis over the right shin, at the back of the

right thigh, and in the two saphena veins in the right leg. The
question arose, why the septic poison had attacked these particular

veins only 1 We learned that the inflammation immediately followed

the patient's going aboiit after her confinement, and it appeared pro-

bable that the slight venous engorgement caused by the change of

posture, or varicosity of the veins, or possibly some long-standing de-

generation of the veins, had been the predisposing or localising cause.

Pathology.—The changes in the coats of the vein are those

common to suppurative inflammation. The thrombus undergoes

"yellow softening," and the products eventually blend with those of

the disintegrated vessel itself. Septic micro-organisms are always
found, both in the softened thrombus and in the inflamed vein.

The infection spreads to the tissues around the vein, and in some
cases large abscesses are thus formed. Very commonly, septic

emboli pass into the blood stream from the softened thrombus,
and each one becomes the starting-point of a " secondary abscess."

Toxic products of the micro-organisms are also poured into the

blood, or absorbed from the inflamed tissues ; and so septic phlebitis

leads to septicaemia and pyaemia. The infective nature of this form
of phlebitis imparts to it a tendency to spread along the vein in the

direction of the cui'rent of blood, a tendency so marked that it gave
rise to the name "spreading phlebitis."
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Symptoms.—When a superficial vein is attacked, it is felt as a

solid cord with " knots " opposite the valves; the vein is tender, and
its outline is quickly lost by inflammatory swelling around it, the

skin over it becomes reddened, and later, fluctuation and all the

signs of acute abscess or abscesses are recognised. The first onset

is accompanied with a sense of stiffness in the part, and this

inci'eases to smarting and throbbing pain. The disease may be

limited in area, or it may rapidly creep along the vein. The parts

drained by the vein may be cedematous. With these local symptoms
there is fever, often of high grade with rapid soft pulse, dry

tongue, fetid diarrhoea, and low delirium ; or a succession of rigors

may mark the development of pyaemia. In some cases the septic

poisoning is slight, and the fever is less intense, and subsides when
the abscess bursts or is opened. When attacking a small deep

vein, the only signs of the disease may be those of the septicaemia or

pyaemia, to which it gives rise. Abscesses occurring in the course of

septic inflammations are in many cases the result of suppurative

phlebitis, and some of the secondary abscesses of pyaemia are of this

nature.

Prognosis.—The prognosis of this disease is very grave. It varies

to some extent with the position of the vein attacked, and with the

virulence of the infection and the power of resistance in the patient's

tissues. It largely depends upon the practicability of thorough

removal or destruction of the infective material before it has infected

the mass of the blood.

Treatment.—The prevention of this disease by perfect asepsis

is one of the great advances of modern surgery. As soon as the

disease is recognised, the inflamed vein should be freely laid open,

all the infected thrombus removed, the whole cavity thoroughly

cleansed, as by swabbing it well with pure carbolic acid, and the

vein stuffed with an antiseptic gauze. Abscesses occurring in the

course of the disease should be opened early, and the cavities

thoroughly cleansed. To prevent blood-poisoning the vein has been
divided and tied on the cardiac side of the clot. In some cases

amputation may be the only means of preventing or arresting general

infection. The constitutional treatment is that of septicaemia.

Til. VARICOSE VEINS.

A permanent pathological dilatation of a vein is called a varix,

and a vein so affected is said to be varicose, this name being given to

the disease because of the tortuosity of such veins. A varicose vein

must be distinguished from a merely engorged vein, and the differ-

ence is twofold, for the vein is enlarged beyond any mere physiological

distension, and the enlargement is permanent. It is, in fact, an
overgrown vein.

Pathology.—As to situation, the disease is most common in the

veins of the lower extremity, but it is also frequently met with in

the spermatic cord (varicocele), in the labia, and around the anus



VARICOSE VEINS. 571

(h semorrhoicls), less often in the neck, upper limbs, and trunk. Very few
veins are -wholly exempt from it. It is chiefly observed as a disease of

the superficial veins, but dissection shows that it affects very often the
intermuscular and intramuscular veins also; but the main deep veins
of the limbs, with the exception of the posterior tibial veins, are
generally free. It has been met with in the internal jugular vein.

The disease varies very greatly in its extent and distribution. It

may be limited to one or more of the main
subcutaneous veins, as either saphena, or to

a limited portion of it ; or, leaving these

veins free, it may involve only some one or

more branches opening into them, or some
of the small venous radicles in the skin

;

while in some cases all the subcutaneous

veins of a part appear to be affected. It is

stated that a superficial varix often com-
mences at the point where a deep vein

communicates with a superficial one, and
that the enlargement is apt to be mosb
marked at such situations.

A varicose vein is not only enlarged

transversely, but also in length. This elon-

gation of the vein is often very great and
more marked than the lateral dilatation

;

and as the ends of the vein are fixed points,

it causes great sinuosity. It is not un-

common to find a varix three times as long

as the healthy vein (Fig. 163). In some cases,

however, the elongation of the vein is very

slight, for example, the saphena vein may
be greatly enlarged from the groin to the

ankle, and may stand, out under the skin

as a straight tube, with perhaps only one

short convolution near the knee. The lateral

dilatation differs not only in degree in

different cases, but in the same varix, pro-

ducing often a marked pouching of the wall

of the vein, and so adding to its varicosity.

These pouches may, in large veins, attain

to the size of a large cherry or a medlar.

The best examples of them occur at the upper end of the internal

saphena vein, where they form what may well be called "venous

cysts" (Fig. 164).

The wall of a varix is notably thickened, so that when cut

across the vein gapes like a divided artery. The intima is thickened

and shows longitudinal strise. Sometimes it is atheromatous, or even

calcified. The thickening of the intima may be general, or especially

marked at one part of the circumference of the vein (Fig. 165). It

probably has an important influence in the production of thrombosis.

Fig. 163.—A Varicose Vein.
(Middlesex Hospital
Museum.)



572 DISEASES OF BLOOD-VESSELS.

Fig.164—Veiious Cyst.
(Drawn from a speci-
men in the Museum
of St. George's Hos-
pital.)

In the middle coat there is an increase in both the muscular and
the fibrous elements, especially the latter. The outer coat is also

thickened, but to a less degree. The
sheath of the vein is condensed, and the

convolutions of a tortuous vein are

often united together, and to the over-

tying skin, by slender but firm cords

and bands of fibrous tissue. The valves

of varices do not undergo compensa-
tory enlargement, but, on the contrary,

are often shrunken, or present in the

form of cords, which may be adherent

by one end only, or the valves may be

entirely wanting. While the coats of

a varix are generally thickened, it is

very important to remember that local-

ised thinning is a very frequent occur-

rence, particularly in the pouches. It

appears to occur most markedly in
certain individuals, and it is most frequent in the veins of the skin
and the smaller subcutaneous veins. This thinning may be entirely

absent.

The general view of the nature of varix is that it is the result of

over-distension of the vein and that the changes in the wall are all

the result of increased

venous pressure. There ,>> îg^^?~fe^?:^.
is much reason to think,

however, that the disease

is more allied to a true
venous overgrowth.

^Etiology.—The usual

view is that varix results

from a disturbance in the

normal relation between
the intravenous pressure

and the resistance of the

vein wall. This may be
either an increase in the

blood pressure, or a dimi-

nution in the tone of the

vessel. The weakness of
the vein wall may be an
inherited condition, or the

result of some occult error

in development, or it may
result from absorption of surrounding structures depriving the vessel

of its wonted support, or from inflammatory changes in the outer

coat of a vein, leading to its softening.

It is generally held that increased intravenous pressure is the more

.-.->'

!?£.g0^i>

^1

Fig. 165.—Transverse Section of a Varicose Vein
showing great and irregular thickening of the
inner coat.
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important factor. This increased pressure may be brought about by-

several causes. It may be clue to general venous obstruction from

chronic heart or lung disease, or to local obstruction from the pressure

of a tumour, as the pregnant uterus, or of an ill-fitting truss, or of a

tight garter. It is believed that defect in the valves of a vein may have

the same result. The valves are of use in breaking up the veins into

segments, each of which is to some extent relieved from the weight of

the column of blood above it. When a valve is absent or useless by
over-distension of the vein, or rupture of the valve, the segment

below loses the relief it would otherwise obtain and it may yield

under the extra strain thrown upon it. The increased supply of

blood to a part, which occurs in inflammation, chronic ulceration, or

prolonged muscular action, also raises the intravenous pressure.

Gravity, too, may play an important part, for although the column

of blood in the veins of the lower limb is supported by that in the

arteries, yet the pressure of the blood upon the vessels is increased

by gravity and is greatest at the lower end of the column. Occupa-

tions that entail prolonged standing or walking are believed to

predispose to varix. This is attributed partly to the influence of

gravity, partly to the compression of the deep veins by the con-

tracted muscles forcing more blood into the superficial vessels, and
partly to the additional blood supply attending prolonged muscular

action.

Age and sex.—Varicose veins are rare in children. They most
often develop between the ages of puberty and full manhood, but

many cases are not noticed until after thirty years of age. The disease

is probably more common in men than women; but, owing to the fre-

quency with which pregnancy increases the fulness of, and the pain

in, the veins, women apply for treatment more frequently than men.

The influence of heredity is marked. In some cases every member
of a family is affected and it is seen in two or three successive genera-

tions ; and not only so, but the affection will sometimes present the

same local characters in several members of a family, the same vein or

the same part of a vein being attacked. The disease occurs in the

robust and well-developed more often, than in the puny and weakly, in

those who lead a sedentary occupation, as well as in the active. It

attacks all classes and, as we have seen, it comes on most often during

the later stages of growth, when the organism is reaching maturity,

and not when the vessels are becoming worn out by the strain of life.

These facts render it exceedingly probable that the real cause of

varix is an inherited tendency to over-development of veins, or

perhaps to some defect in the veins. The upright position of man
appears to be an important factor, for the disease is vastly more
common in the lower limbs than elsewhere ; and we may therefore

regard varix as the result of the special strain thrown upon the veins

of the lower limbs by the upright position of men influencing and
transmitted through countless generations.

Constipation has been thought to lead to varix by the loaded

colon pressing upon the iliac veins. There is no sufficient evidence
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of this. Statistics on the point are misleading, for constipation and
varix being both of them of great frequency, it is certain that a large

number of varicose patients will also exhibit constipation. Most
aggravated constipation, extending over years, certainly fails to

produce varix in a large number of individuals ; and in cases of

obstruction, where the colon is most distended and must press most
upon the iliac veins—cases of cancer of the rectum, for example—

-

varix does not arise.

It is important to bear in mind that the conditions which reveal

varicose veins are by no means necessarily those that induce them.

Anything which produces fulness of the venous system not only

makes the large veins evident to sight, but the distension of the

dilated veins may cause pain. It is this fact which leads patients,

and surgeons, too, to attribute too great an ^etiological importance to

standing or exercise, to pregnancy or constipation. In many cases

these are only the conditions which lead to the varix being noticed.

Effects.—It is commonly held that the varicose dilatation of a

vein impedes the return of blood along it and leads to chronic con-

gestion and oedema of the parts drained by it. while these in turn

induce eczema, ulceration, and chronic induration of the skin and
subcutaneous tissue. The frequent association of these latter con-

ditions with varicose veins is a fact, but that they are related as

cause and effect is highly improbable. Even in cases of extreme
and long-continued varix no one of these phenomena may be

observed, and they are all of them very often met with apart

from varix. It is also interesting to note that varix in the thigh

and varix of the main subcutaneous veins, even when greatly

developed, is not associated with these complications nearly so

often as varix in the leg and varicosities of the smaller subcu-

taneous veins. Varix of the spermatic veins certainly does not

cause chronic thickening of the testicle ; but if any effect at all is

produced on this organ, it is at the most a slight softening. Mere
dilatation of a vein slows the current of blood along it, but it

offers no obstruction to the flow of blood into it from tributaries
;

on the contrary, it favours it. The lack of efficient valves in

varices, which would otherwise tell injuriously, is generally com-

pensated by the extreme tortuosity of the enlarged veins, the numer-

ous and abrupt curves in the channel acting like valves; where a

vein is greatly enlarged transversely without these convolutions due

to its increased length, the effect upon the circulation is liable to

be more marked. Varix is sometimes attended with a thickening

and pigmentation of the skin over it : more often, however, the

skin is thinned by the constant pressure ; and when, as may happen,

this is combined with a thinning of the coats of the vein, the vessel

Is liable to burst externally, either spontaneoxisly, or as a result of

strain, or of an injury, or ulcer. The thinning of a vein chiefly

occurs in saccular dilatations of its walls.

Symptoms.—An extreme degree of varix may exist without

giving rise to any subjective symptom. More usually the patient
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experiences a sense of fulness, or an aching pain in the part, on
standing or after long walking; this pain is quickly relieved by-

raising the limb. Deep varix may cause cramp-like pains as well as

a sense of fulness and tension. The superficial enlarged veins are
readily recognised ; often their blue colour is visible, and their

tortuous outline is plainly seen. By raising the part the large

veins are emptied and are hardly visible or palpable ; by depress-

ing the part they become fuller. In large varices there is often an
impulse on coughing felt as far down the limb as below the knee. In
the skin the dilated veins show as blue lines arranged in a stellate

manner and these may exist alone, or in combination with, and oyer,

deeper varices. The great dilatations of veins forming venous cysts

are recognised by occurring in the course of a vein, by their rounded
outline, softness, and compressibility, and by their emptying and filling

under the influence of position ; they are usually met with at the

upper end of the internal saphena vein and have a distinct impulse
on coughing, which sometimes leads to their being mistaken for hernia.

Complications. 1. Haemorrhage.—Varices maybe wounded,
may burst under the influence of strain or long-continued pressure,

or may be opened by ulceration ; in the majority of cases of so-

called " bursting of a vein," the haemorrhage is due to an ulcer having
opened into it. When from any of these causes a varicose vein is

opened, the loss of blood is very rapid ; not only because the vein is

enlarged and does not collapse, but chiefly because the valves being

lost the blood flows both from above and below. If the patient con-

tinues standing or sitting with the leg hanging down, many pints of

blood may be lost, and death ensue in a short time. Happily, this

serious haemorrhage is most easily controlled ; the patient should imme-
diately lie flat down and have the affected leg well raised : this will

at once arrest the bleeding ; a pad should then be fixed over the

wounded vein by a bandage carried from the root of the toes to the

knee. From ignorance of this simple treatment many a life has been
lost, and many patients have been permanently crippled by incur-

able anaemia.

2. Thrombosis is a frequent and a serious complication of

varices, much more often met with in the leg, thigh, and anus than

in the spermatic veins. The coagulation of the blood may be due to

its slow flow over the altered inner coat, or to injury—and the merf;

prominence of varicose veins exposes them to injury ; at the anus

the enlarged veins are liable to be bruised by the passage of a large

hard motion, or over-distended by straining efforts.

3. Chronic eczema is a frequent complication of varicose

veins and, as already stated, it and (4) chronic induration and

(5) chronic ulcer of the leg have been commonly regarded as resulting

from varix, and the term varicose ulcer has been given to an ulcer in

the middle of a patch of thickened adherent skin with varicose veins

leading from it. The only way in which a varix certaimy leads to

an ulcer is when it " bursts," and primary healing of the wound
is not obtained. The benefit to a chronic ulcer, often following
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operation upon an associated varix, is due partly to the rest in the
raised position this treatment necessitates, partly to the influence of

the incision in draining the part, and partly to the asepsis secured.

Treatment.—In many cases no treatment is required, for no
discomfort is caused by the disease. For the majority of other

instances, palliative treatment only is indicated. This consists

in supporting the enlarged veins by a carefully-applied bandage or

well-fitting elastic stocking, in improving the patient's general

health by overcoming constipation, or by the exhibition of tonics,

or digitalis where these are indicated. Prolonged standing and
straining efforts should be forbidden ; but exercise, short of fatigue,

should be taken : patients should not be made chronic inv Jids on
account of varicose veins.

The curative treatment consists in obliterating or removing
the diseased vessels. It is indicated in certain cases only, p,.. larly

when the patient is in good health, not past middle life, w ^re the

varix is limited in area, and where it is a source of pair to the

patient. A vein may be operated on when it leads up from a nronic

ulcer or leads up to a venous cyst. Three modes of radical Aire are

now chiefly practised.

(1) Acupressure.—By passing a hare-lip pin beneath the vein,

placing a piece of gum bougie over the vessel, and then throwing

a silk thread in a figure-of-8 over the ends of the pin, the walls of

the vessel can be compressed, and a certain amount of traumatic

phlebitis excited, which may lead to the occlusion of the vessel.

One or many pins are employed as may be required: they should

be withdrawn in about a week, unless marked irritation is excited

earlier, and they may be left longer if the local irritation is very

trivial If in passing the pin the vein is punctured, as shown by
the free escape of venous blood, the pin should be withdrawn and
passed more deeply. This operation often fails to obliterate the

vein. If two pins are introduced close together, and then the

vein divided subcutaneously, the result is rendered more certain.

This method has long been practised, but it is far inferior to either

the ligature or incision, and has nothing to commend it to the

surgeon.

(2) Ligature.—An incision about three-quarters of an inch long

is made down to the vein, and an aneurysm needle is carefully passed

round the vessel, threaded, and withdrawn. The ligature may be

of aseptic silk or chromic catgut ; it may be single or double,

the vein then being divided between the two threads. A single

suture closes the skin wound. This method is reliable in that it

obliterates the vein, but the obliteration is usually very limited in

extent. It is to be employed in cases of numerous limited varices,

or for the obliteration of a vein leading from an ulcer, or up to a
" venous cyst." It is sometimes modified by excising a short length

of vein—say up to an inch—between two ligatures. The numerous
branches and communications opening into the affected veins explains

the limited obliteration produced by the ligature.
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(3) Excision.—This is the operation which gives the best re-

sults and is to be employed in the majority of cases. An incision

is made along the varix to be removed, the vein is carefully exposed,

and a double ligature is tied at each end, and the vein divided

between. The vessel is then raised from its bed, and each .ranch
tied or seized in forceps before it is divided. The skin incision is

carefully closed with a fine suture. This operation is rendered at

times a little troublesome from the great length of the tortuous veins

and the number of branches opening into them, but it gives the

most satisfactory results. It has been modified by exposing the

varix through an inch-long incision, freeing a short length of it,

and then seizing this in torsion forceps, and slowly twisting the

vein, so as to draw out a considerable length of the vein. Some-
times this answers admirably, but at other times the divided ends of

the veir p bleed, and some trouble is given to find and secure the

blc g' points.

Of course all operations upon veins should be performed only

with" borough aseptic precautions. It is a fact of great interest

that f cision of varicose veins in well-selected cases is followed

by mofet satisfactory results—by cure. The patient's pain and
inability to stand long, to undergo fatigue, or to bear exposure to heat,

are entirely removed. But not only so, in most cases there is no
fresh development of varicose veins nor any sign of injury from
obstruction to the venous return ; this shows not only how abun-
dantly free the provision for the return of blood is, but also that

varix is not simply the effect of over-distension of veins. In
some cases new varices do develop after operation ; but this is to

be considered as the natural progress of the particular case, for it

is often observed without any operative or other treatment. If a

case has long been stationary without any new varices appearing,

operation will not be followed by such event ; but where new varices

have recently appeared, the removal of those visible may be followed

by the development of others : not, however, as the consequence of

the operation.

IV. ANGEIOMATA.

Varieties.—An angeioma is a tumour composed mainly or ex-

clusively of blood-vessels ; some of these vessels are newly formed,

others are pre-existing ones more or less greatly dilated. The
vessels may be arteries, veins, or capillaries, and scattered among
them may be enlarged lymphatics. Arterial angeioma is more often

called cirsoid aneurysm; capillary and venous angeiomata are

commonly called ncevi, or " mothers marks." It is common to find two
or more of these varieties associated together, and such cases are then

classified in accordance with the predominant character of the tumour.

(See also Article XXXVIL, on Diseases of the Head, "Vol. II.)

Arterial varix; cirsoid aneurysm; piexiform angeioma.

—

These names are applied to various conditions of dilated and
elongated arteries. When a single large artery is lengthened,
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tortuous, and pouched like a varicose vein, it is known as an arterial

varix. When this condition affects several arteries, forming a

tumour composed of a congeries of enlarged arteries, it is called a

cirsoid aneurysm. When the condition of vascular dilatation has

spread from the arteries to the capillaries and veins, it is known as

aneurysm by anastomosis or plexiform angeioma. In different cases

the exact condition of the vessels varies considerably.

Seat ami causes.—The disease, in any of its varieties, is a

rare one. It may be met with in any part of the body, but its most
frequent seat is in the scalp, affecting the superficial temporal, pos-

terior auricular, or occipital arteries. It occurs also in the orbit, on
the face, on the trunk and limbs, and even in internal organs, such

as the liver. Sutton has seen a large one in the perineum; "the
corpus spongiosum was surrounded by a number of arteries as large

as the coronary branches of the facial, and veins as big as the cephalic."

Erichsen observed cases on the side of the chest, nates, and foot, and
others involving the hand or the upper limb extensively are recorded.

Such cases, however, are very rare, and the disease has been chiefly

met Avith in the scalp.

In some cases it follows an injury, such as a cut, bruise, or burn,

and, on this account, has been considered inflammatory in nature.

In other cases it has supervened upon a congenital erectile tumour,

or venous naevus, developing spontaneously—sometimes at puberty

—

or as a result of injury. Like venous varix the disease most often

commences between puberty and thirty years of age.

Pathological changes.—The arteries are considerably dilated,

pouched, and greatly convoluted. Their walls are very thin, chiefly

owing to the atrophy of the middle coat. They may lie in parallel

convolutions or be arranged most irregularly, and connected with them
there may be enlarged and varicose veins. The arteries leading to a

cirsoid aneurysm are varicose, and the disease tends to spread, both

centrally along the arteries feeding it, and towards the capillaries.

The skin covering the angeioma and the other soft tissues may be

pigmented, thickened, and spongy, or thinned and the seat of ulcers,

which, by extending into the arteries, occasion very dangerous

haemorrhages. Subjacent bone may be grooved, or even perforated,

by the enlarged vessels.

Symptoms and coarse.—Arterial varix occurs as a single

enlarged tortuous artery, which can be traced in the scalp or other

part ; the vessel is compressible and the seat of strong pulsation.

Cirsoid aneurysm occurs as an ill-defined pulsating swelling, in

which tortuous vessels can sometimes be distinguished. The swelling

is soft and compressible ; its pulsation is forcible and a distinct

thrill is often felt ; usually there is a very loud bruit of a rasping,

cooing, or musical character, and the patient is sometimes conscious

of the bruit. Dilated and tortuous arteries can generally be traced

leading to the tumour and giving it an indistinct outline ; very

enlarged veins may also -be traced passing from it. By compression

of these arteries the pulsation is lessened, and the thrill may be lost,
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but as a rule, the arteries feeding the " aneurysm " are so numerous,
that digital compression of those felt does not entirely arrest

the pulsation. The skin over the swelling is hotter than natural

and has a dull bluish colour; it may be thin, or thickened and
pigmented, or with an abundant growth of hair.

The tumour may remain stationary and cause little or no incon-

venience ; in very rare instances it has been known to undergo
spontaneous cure. More often it steadily, and even rapidly, enlarges,

involving more and more vessels. If the skin over it ulcerates, the

bleedings which occur gradually exhaust the patient.

The diagnosis is usually very easy. From common aneurysm
it is distinguished by its position, irregular outline, compressibility,

and by the enlargement of the vessels feeding it. The character of the

bruit, and the effects of compressing the main artery of the part,

differ in the two cases. Cirsoid aneurysm following upon an injury

might be mistaken for a varicose aneurysm, as the bruit and thrill, and
the enlargement of many vessels, are somewhat alike in the two cases';

but the tumour formed by a cirsoid aneurysm is less well-defined and
its pulsation is not arrested by the compression of a single arterial

trunk.

From aneurysmal varix a cirsoid aneurysm is distinguished by
noting that the tumour is arterial, not venous, that it is connected

with sevei'al arteries, and that its pulsation is not controlled by com-

pression of a single arterial trunk.

Treatment.—Owing to the ill-defined character of the tumour,
its tendency to spread and involve new vessels, and still more to the

fact that the aneurysm is fed by many arteries, so that cutting off the

supply of blood from one, or even several, sources does not starve it,

the treatment of cirsoid aneurysm is beset with special difficulty and
often fails altogether. In some cases, after temporary improvement
— mistaken for "cure"—the tumour has developed again. There-

fore if the aneui'ysm is not increasing in size, is not ulcerating, and
is not causing grave distress to the patient, the surgeon should be

content to protect it with a metal or leather covering, if in a part

exposed to injury, and should not undertake any operation for it. If,

however, the tumour is growing, or the skin over it is ulcerating and

threatens to open a vessel, or if haemorrhage has already occurred, an

attempt to cure the disease must be made, and the surgeon must
choose one of the following methods, according to the nature of

the particular case.

(1) Excision of the angeioma.—The operator must be very careful

to cut wide of the diseased vessels, and to tie each artery as it is

divided. Neglect of either of these precautions may lead to frightful

haemorrhage. This method is applicable to cases of limited extent

and fairly circumscribed in character.

(2) Ligature of the angeioma is preferred by some to its exeision.

It is unattended with the risk of haemorrhage, if the ligatures are care-

fully passed beyond the tumour. • It may be followed by recurrence

of the growth and in this respect is less reliable than excision. Tt

t 2
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may be used in the same cases as excision and in some where
excision cannot be practised.

(3) Ligature of the feeding vessels alone has never yet been
successful. When combined with division of the soft parts between
the ligatured arteries, it has, in a few cases, effected a cure. It

generally fails, owing to the presence of arteries entering the aneurysm
on its deep surface. It may be employed in cases where digital com-
pression of the arteries to be tied entirely arrests the pulsation in

the swelling.

(4) Ligature of the main artery of the part.—A cirsoid aneurysm
of the scalp, too large and diffuse for excision or ligature, may be

treated by simultaneous ligature of the two external carotid arteries,

combined, if necessary, with ligature of the frontal and supraorbital

branches of the ophthalmic artery. The common carotid artery

should not be ligatured for such a case.

(5) Electrolysis is strongly recommended by some authorities and
has been advocated as "the only justifiable method of treatment." A
strong current of from 150 to 200 milliamperes is required. The
needles passed into the vessels are attached to the positive pole, and
a large surface negative electrode is placed in contact with the back

or some other indifferent part of the body. The operation generally

has to be repeated. An anaesthetic is required.

(6) Injection of perchloride of iron has been practised, especially

by Continental surgeons, with considerable success. A temporary

ligature is thrown around the tumour while the coagulating fluid is

injected and until the clot is firm.

(7) Amputation has been called for in cases of haemorrhage from
cirsoid aneurysm of a limb.

NaevUS.—Nsevi are of two kinds, " simple" and " cavernous."

A simple nsevns is a collection of minute vessels bound together

by a small amount of connective tissue. If the vessels are arte-

rioles, the nsevus is of a bright red colour, and is called " arterial."

If they are venules, it is of a blue colour, and is called "venous."

Intermediate tints between the two extremes are met with. Simple

nsevi are sometimes called " capillary."

A cavernous nsevus or erectile tumour, sometimes called

also a venous naivus, is formed of a series of intercommunicating spaces

lined with endothelium similar to that of veins, embedded in fibrous

tissue, and fat. Small arteries open into these spaces, and larger

veins carry the blood away. The blood spaces are not surrounded

by proper vessel-walls. A thin fibrous capsule often encloses the

nsevus.

./Etiology.—Nothing is definitely known of the cause of nsevus.

Many nsevi are congenital ; many others are first noticed shortly

after birth. Others appear to originate about puberty and in some
instances their development follows upon an injury.

Distribution ant! varieties.—Simple oicevi are chiefly met

with in the superficial layers of the skin, and particularly on the

scalp, face, back, and chest. They are also found on mucous
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membranes—the conjunctiva, lip, tongue, and labium. They are

often associated "with a cavernous nsevus in the deeper tissues. 11

the dilated capillaries form but a very thin layer in the papillary

part of the skin, it is commonly called a port wine stain and these
" stains " often cover a large area of skin, even to the extent of one
half of the entire body. Occurring in the form of stellate groups of

dilated venules, they are called plilebiectases ; and these are most
commonly met with in the skin of the thigh or leg, and particularly

in adults. They occur, however, on the face and other parts, and are

sometimes seen in the skin close to a nsevus either " simple " or
" cavernous."

Cavernous ncevi develop chiefly in and beneath the skin and
mucous membranes, and occur most commonly in the scalp, lips,

cheeks, on the trunk, and the female genitals. They are also met
with in the breast, tongue, liver, rectum, and oesophagus. In the liver

they are believed to develop late in life.

Clinical characters.—ISTeeviare often multiple and, as already

stated, the two forms are often associated.

Simple ncevi appear as minute bright red or darker specks in the

skin, or as large growths, which project slightly from the surface of the

healthy skin, and may be a little uneven on the surface. If of lai'ge

size, the surface may be felt to be hotter than that of the surround-

ing skin. The colour may be lessened by pressure, but returns very
quickly. " Port wine stains " are of varying hue. Some are only

slightly purple ; others of a deep purple colour.

Cavernous nosvi form soft, easily compressible tumours, often of

irregularly lobulated or tortuous outline, which become full and tense

under the influence of crying, coughing, or straining. When of large

size they may show a tendency to become pedunculated. Beneath
mucous membrane or thin skin they show a purple colour, which is

intense when the growth implicates the skin itself. Large veins may
often be seen coursing from the tumour and the skin over it may be the

seat of a "simple nsevus." In some cases the blood spaces or enlarged

veins are separated by a considerable amount of healthy skin or other

tissue, and these cases pass by insensible degrees into a condition of

merely enlarged veins indistinguishable from ordinary vai'ices.

Beyond the fact of disfigurement, nsevi rarely occasion any ill

effects. If cut they bleed freely, but the haemorrhage is easily

arrested by pressure. They may remain stationary throughout life,

or may steadily increase, or, having remained stationary for a time,

may suddenly take on an active growth, perhaps from the effects of

injury or the stimulus of puberty. Naevi may become more promi-

nent at the menses and they have been known to be the seat of

vicarious menstruation
;
puberty sometimes arrests their growth.

On the other hand, they may undergo regressive changes ; the

centre becomes gradually paler and this change extending, may
remove the entire disease ; in other cases the tumour ulcerates and
leaves a white cicatrix ; this process is attended with danger from
haemorrhage. Or thrombi may form spontaneously and becoming
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organised, obliterate the blood-spaces in -which they occur ; in some
instances repeated limited thrombosis occurs.

In some instances of cavernous naevus a blood cyst develops, owing
to the shutting off of a blood-space arid its subsequent distension : in

other cases a pigmented -warty growth has replaced a naevus. A
combination of cavernous naevus with lipoma

—

ruevo-lipoma—is met
with as a congenital tumour.

A simple naevus cannot be mistaken for any other affection. A
cavernous naevus, when covered by healthy skin or mucous mem-
brane, is easily recognised by its spongy feel, compressibility,

distension under effort, purple colour, and the absence of pulsation.

Treatment.—Xaevi undergoing natural cure, and superficial

naevi of wide extent, such as " port wine stains,''* should not be sub-

jected to any treatment. Xaevi on parts of the body which are covered

by clothing, and which are stationary, may be left for a time and
watched ; but even if they show no tendency to grow, it is better to

remove or destroy them than to leave them to be a possible source of

trouble hereafter.

There are many ways of dealing with naevi : they may be

excised, strangled with a ligature, burnt with caustics, obliterated

by inflammation, or the blood within them coagulated by electrolysis,

or the injection of coagulants. Each method has its advantages,

and is to be chosen in particular circumstances, and it is a mis-

take to regard any one treatment as universally adapted for a con-

dition which presents such striking variations as nasvus does. The
objects to be aimed at are, in the first place, complete cure, for if

only a minute portion of the naevus is unobliterated, the disease

is apt to grow again, and often with considerable vigour ; secondly,

the removal or destruction of diseased parts only, all healthy struc-

tures being preserved if possible : thirdly the minimum of scar,

particularly on exposed parts of the body ; and fourthly, rapidity,

painlessness, and absence of suppuration. The methods commonly
employed are as follows :

—

(1) Excision.—The surgeon must be careful to cut out the nasvus,

and not cut into it, and each bleeding vessel must be seized in

forceps, or tied at once, as haemorrhage is very serious in infants,

who are the usual subjects of this operation. Owing to the deep

colour of the tumour, and the presence in cases of cavernous nasvus

of a thin capsule, the operation is not attended with any special

difficulty. The edges of the wound are carefully approximated with

sutures, and primary healing with a linear scar is obtained. This

treatment is rapid, practically painless, and by it it is easy to ensure

the removal of the entire growth ; in a large proportion of cases it

is wholly satisfactory, but it is unsuited to very superficial naevi, as

it involves then a sacrifice of healthy tissue, and to deep naevi of

important parts, such as the eyelid, cheek, and lip, the removal of

which would cause serious deformity.

(2) Ligature.—Almost any naevus can be strangled by a ligature,

and when the sphacelus sepai-ates. the wound quickly heals, but
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leaves a cirindar or irregular scar. It is a painful method of treats

inent, much longer in effecting a cure than excision, is attended -with

suppuration and all its attendant evils, leaves a large scar, and by its

means healthy tissues often have to be sacrificed in order to ensure

the enclosure of the entire naevus in the ligature or ligatures. The
advantages of the method are its extreme simplicity and the avoidance

of all risk of haemorrhage : the surgeon can do it single-handed, and
in many cases without the use of an anaesthetic. Where he can

secure proper assistance, ligature is undoubtedly inferior to excision,

and should only be practised in unusual circumstances. Care must
be taken to include the whole of the naevus in the loop or loops,

which should be tied as tightly as possible : strong aseptic silk should

be used, and the part be rendered aseptic and dressed with the usual

antiseptic precautions, in order to prevent suppuration. In no case

should the ligature be made to cut its way through skin, but the thread

should be placed subcutaneously, or the skin divided with the knife.

This is the method which was formerly most widely practised.

(3) Electrolysis is an admirable method of treating any naevi. By
passing a mild continuous current of electricity through the naevus,

coagulation of blood in the vessels or spaces is secured with sufficient

irritant action to lead to their permanent occlusion, and without

serious necrosis or ulceration. At the positive pole oxygen is set

free and oxidises the electrode and the tissues, and if the current is

strong, a certain amount of charring of the tissues occurs. At the

negative pole nascent sodium is produced, and at once forms caustic

soda and liberates hydrogen ; if this action be too intense, a wide
and deep slough results. The mildest action is obtained by inserting
" positive " needles only, and having the negative electrode applied

to the skin near by : if a more intense action is desired, the needles

passed into the naevus are connected with both poles of the battery.

A good plan is to have all the needles but one '• positive/' The best

current to employ is such as is developed from a battery of 5 to 10
Leclanche cells, and to continue it for 15 to '20 minutes : or a current

of 100 milliamperes may be passed for 5 minutes, and then the

position of the needles changed.

A slow action is to be preferred to a rapid. The operati : :- is

painful and necessitates an anaesthetic, but the pain ceases immediately

the current is broken. Small naevi may be cured at one i;
sittir._.

but for naevi of any size, repeated operations are necessary. Entirely

subcutaneous naevi may be cured without leaving any scar : but

naevi involving the skin can only be cured by destroying the vascular

tissue and replacing it by sear, this scar is, however, very little

conspicuous. A certain amount of shock is produced when the

current is closed; and in operating upon the head, especially in

infants, great care must be taken to turn on the current gradually.

Port wine stains are treated bv flat metal electrodes connected with

the negative pole, which are applied to the discoloured skin only,

and a current of 40 to 50 milliamperes is used, tmtil a soapy a:' is

collects under the plate from the caustic action of the soda set free.
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and the skin is destroyed for a sufficient depth. Electrolysis is an
excellent method of destroying small phlebectasies as well as larger

growths.

(4) Caustics of many kinds are employed and in certain cases are

very good. Nitric acid or acid nitrate of mercury, and the fine point

of a Paquelin's cautery are the best to use. They are particularly

suitable for very superficial nsevi, involving less than the whole
thickness of the skin, and for scattered points of nsevus.

(5) Injection of coagulants is but little practised and should be
entirely superseded by electrolysis. Owing to the danger of embolism,

a temporary ligature must in every case be placed around the nsevus

for at least fifteen minutes after the injection
;
perchloride of iron, a

solution of tannin, or pure carbolic acid are the fluids employed, and
only a very small quantity of either of them is injected.

(6) Setons and vaccination are employed to excite inflammation

in the nsevus and so to obliterate the blood-spaces, but there is great

practical difficulty in so regulating the area of inflammation as to

make it exactly coextensive with the nsevus, and its severity, so that

it may " cure " the nsevus without exciting sloughing or deep sup-

puration. Superficial nsevi may be cured by vaccination, but other

methods of treatment are to be preferred ; deeper nsevi have been

treated by passing threads soaked in vaccine lymph through them.

(7) Scarification has been advocated for the treatment of extensive

very superficial nsevi such as " port wine stains," but the results of

this method have been very unsatisfactory.
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Senior Assistant Surgeon to the Middlesex Hospital.

Classification.

I. Idiopathic or spontaneous aneurysm.

1. Fusiform.

2. Sacculated : (a) Circumscribed.

(6) Diffused.

(i) Leaking aneurysm,
(ii) Ruptured aneurysm.

II. Traumatic aneurysm.

1. Circumscribed.

2. Diffused ; or ruptured artery.

III. Arterio-venous aneurysm.
1. Varicose aneurysm.
2. Aneurysmal varix.

IY. Cirsoid aneurysm. (See page 577.)

Definition.—An aneurysm is a blood-tumour communicating with

an artery. If it occurs as the direct result of an injury to the vessel

wall, which severs all the coats more or less completely, it is called a

traumatic aneurysm; but when as the result of disease having im-

paired its resiliency and strength, the arterial wall permanently
yields under the pressure of the blood, it is called an idiopathic or

spontaneous aneurysm. These two great classes of aneurysm differ

not only in their mode of origin, but to some extent in their nature

and in their indications for treatment, and they must therefore be

dealt with separately. An abnormal communication between an
artery and a vein is known as an arterio-venous aneurysm ; this may
be either traumatic or idiopathic in origin, and its features are so

peculiar that it is placed in a separate class. Cirsoid aneurysm
is an arterial angeioma, and is described on page 577 under
that heading ; it has no pathological affinities with the other forms

of aneurysm.

I. IDIOPATHIC OR SPONTANEOUS ANEURYSM.

^Etiology.—A spontaneous or pathological aneurysm is formed
when an artery permanently yields under the pressure of the

T *



586 ANEURYSM.

blood within it. Normally, such yielding is prevented partly

by the strength of the arterial wall, and partly by its elasticity,

which ensures its recoil immediately the force of the ventricle is

expended. Healthy arteries have such a reserve of resistance, above

all the demands that can be made upon them, that simple increase ot

blood pressure, from plethora, over-action of the heart, or increased

resistance in the capillary circulation, never by itself causes

aneurysm. When, however, the strength or the elasticity of an

artery is lessened, it may yield under even the normal blood pressure,

and still more readily does it yield when the blood pressure is in-

creased. From this it follows that the immediate cause of every case

of spontaneous aneurysm is some condition weakening the arterial

wall. In many cases this is

supplemented by an increase in

the blood pressure in the arteries.

These factors must be considered

in some detail, and then we
must more briefly discuss the

secondary or remote causes of
aneurysm.

Conditions which
weaken the arterial wall.
— Atheroma, with fatty de-

generation of the inflammatory
products, is the most important

of the conditions which weaken
arterial walls ; although the

diseased artery is thickened, it

is weaker, and, above all, less

elastic than a healthy artery.

As a result of the weakening
of the vessel, the diseased portion

maybe dilated bythe force of the
heart, and the loss of elasticity prevents a recoil from taking place

during the cardiac diastole. Calcification preserves arteries from
aneurysmal dilatation, although calcareous plates may be found in

the walls of aneurysms. (See Fig. 168.) Tubular calcification

may be followed by aneurysm, if under some blow or strain the
calcareous middle coat snaps across, and the outer coat of the
vessel yields before the blood pressure.

By some authorities syphilis has been credited with playing a
very important role in the production of aneurysm. A form of

arteritis, which is undoubtedly due to syphilis, occurs in small

arteries, especially in those at the base of the brain, and leads to

their thickening and often to their obliteration; and it has been
suggested that when the middle coat has been destroyed, and the

new tissue in the inner coat absorbed, the artery is so weakened that

it yields and forms an aneurysm. This disease is a frequent cause of

aneurysm of the cerebral arteries, and it is alleged that a similar

F g. 166.—Pulmonary Cavity with a small
Sacculated Aneurysm (a) projecting' into
it. (Drawn from a specimen in the Mu-
seum of the Hospital for Diseases of the
Chest, Brompton.)
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disease occurs in the larger arteries, but it is as yet unproved that

syphilis leads to a special disease of large arteries, with a weakening
of their coats, and therefore a predisposition to aneurysm. In many
cases of aneurysm no cause for the condition has been found, except
syphilitic infection.

Embolic arteritis.—The impaction of an infective embolus in an
artery leads to an inflammation of the vessel, with softening; and in

these circumstances an aneurysm may develop. Idiopathic aneurysm
in young people is believed to be always due to this cause ; the

multiple aneurysms which sometimes occur in the course of acute

rheumatism and ulcerative endocarditis have the same origin.

Loss of support by absorption of the surrounding tissues has been

supposed to be capable of so weakening an artery that it can no
longer resist the force of the blood stream. Examples of this are

said to be furnished in phthisical lungs, where aneurysms not un-

frequently develop on the branches of the pulmonary artery exposed

in the walls of cavities (Fig. 1C6); their rupture is a frequent cause

of fatal haemoptysis. But it is by no means certain that these

aneurysms result directly from the loss of support to the vessel.

The more probable explanation is that the exposure of the artery

leads to an inflammatory change in its walls which weakens the

vessel and causes it to yield under the blood pressure. This yielding

woidd be favoured by negative pressure in the lung cavity. A
microscopical section of a branch of the pulmonary artery with a

minute commencing aneurysm, in the possession of Dr. Percy Kidd,
shows distinct thickening of the intima of the vessel, and supports

the view that in this, as in every other form of spontaneous
aneurysm, disease of the arterial wall precedes the development of

the aneurysm.

Under this head we must also mention injury causing a partial

laceration of an artery. A contusion of an artery, or over-stretching

it, as in violent extension of the knee or elbow, may not only snap

a calcified middle coat, as mentioned in the previous chapter, but

may burst a softened patch of atheroma, or displace a calcareous

plate and allow the blood to force its way beneath its edge, or even

tear some healthy part of a diseased artery. In either of these ways
injury may so weaken an artery as to lead indirectly to the develop-

ment of an aneurysm.
Conditions increasing- the blood-pressure.—The blood-

pressure in the arteries may be raised by increased cardiac action

or by greater resistance in the capillaries and arterioles, and by
plethora ; but the over-action of the heart is the most important

in the aetiology of aneurysm. This over-action is especially excited

by sudden, intermittent, and unwonted effort or strain. The heart

and blood-vessels accommodate themselves to continuous hard work ;

but when an unusual effort is made, especially if of the nature of a

sudden strain, the blood pressure is materially raised. A like effect

is produced by great excitement or violent passion, by alcohol, and
by cardiac hypertrophy. Plethora is a cause of increased blood
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pressure ; it is one that acts continuously, and it is usually asso-

ciated with other conditions producing the same result. Its in-

fluence is best appreciated by noticing that the opposite condition

—

anaemia and cachexia—is a great protection against aneurysm, which
only occurs under those conditions when an artery has been greatly

weakened, as by an infective embolus. The influence of bleeding in

arresting the rapid growth of an aneurysm is another proof of the

important part plethora may play. The increased resistance in the

arterioles and capillaries, met with in gout and chronic renal disease,

is an important cause of atheroma, by raising the blood-tension in

the larger arteries. Like plethora it acts continuously ; it also

acts intermittently when due to muscular effort, and is one of the

factors by which strain leads to aneurysm. Associated with marked
weakening of the arteries from disease, the normal blood-pressure

is quite sufficient to produce aneurysm, as we see in aneurysm from
embolism ; but as a great cause of atheroma is increased blood-

pressure, this condition, both directly and indirectly, plays a great

part in inducing aneurysm. The greater frequency of aneurysm in

the aorta than in any other artery is due to the high blood-pressure

in, and the great strain thrown upon, this artery.

The secondary causes of aneurysm must be specially noticed.

(1) Age.—Aneurysm is most common between the ages of thirty

and fifty, at the period when degenerative changes occur in the

arteries, when the force of the heart is unimpaired, and when persons

are still exposed to strains and injuries. It is very rare in children

and adolescents, and in them is probably always due to embolic

arteritis. Old age, although associated with advanced arterial dis-

ease, is protected from aneurysm by the low blood-pressure due to the

feeble action of the heart and the absence of special strain and effort.

(2) Sex.—Aneurysm is much more frequent in men than women,
the occupations and mode of living of the latter protecting them
from the chief causes of the disease. Statistics show that aneu-

rysms generally are thirteen times as common in men as in women
;

but there are two remarkable exceptions to this rule, for carotid

aneurysm is as frequent in women as in men, and dissecting

aneurysm is more common in the female sex. No satisfactory

explanation of these exceptions has been given. It is worthy of

note that the strain of parturition—often very severe and prolonged

—does not appear to lead to aneurysm.

(3) Occupation.—All occupations which expose to sudden and

severe effort, such as those of soldiers and sailors, dispose to aneurysm

by the sudden rise of blood-pressure. Laborious occupations as of

miners, navvies, and engineers, which throw a constant strain upon

the circulation, lead to atheroma and to aneurysm. Those who
habitually lead sedentary lives, but occasionally indulge in violent

effort such as mountaineering and other forms of active exercise,

are prone to aneurysm by the unwonted rise in the blood-pressure

such an effort causes. The influence of occupation is well shown

by the special frequency of aneurysm in cold and temperate climates,



JETIOLOGT OF SPONTANEOUS ANEURYSM. 5S9

and particularly in Great Britain and America, and by its occurring

more often in the right than the left arm.

(4) Injury.—A local injury often precedes the development of

an aneurysm ; it may act by exciting atheromatous inflammation,

by bursting an atheromatous abscess, or by partially rupturing a
diseased artery. This sequence is as frequent in internal as in

external aneurysm ; the concussion of the mediastinum from a blow
on the sternum appears to be often the starting-point of an aortic

aneurysm.

(5) Strain is a very important cause of aneurysm, for it has
several injurious efFects. It increases the heart's action ; it increases

the capillary resistance in the muscles ; and by both of these effects

raises the arterial blood-pressure. It also, in some cases, stretches

or compresses an artery, and in this way excites atheroma in it,

and it may partially lacerate an already-diseased artery. Strains

at the knee are an important cause of popliteal aneurysm.

(6) Alcoholic indulgence, like strain, may cause aneurysm in

several ways : (a) By inducing frequently-repeated cardiac excite-

ment
; (b) in this way, and also by its direct action, exciting

atheroma
;

(c) by setting up chronic renal disease leading to

arterio-capillary obstruction
;

(d) by exposing its subjects to

injuries and strains.

(7) Diathesis.—An aneurysmal diathesis has been spoken of as

existing in cases of multiple aneurysm. These cases are, however,

more easily explained by the consideration that the causes of

aneurysm are, to a large extent, general rather than local; and,

in view of this fact, it is remarkable how infrequently more than

a single aneurysm is met with.

The influence of syphilis has already been referred to : some
authorities regard it as a very important one ; but it has not been
proved to play any part in causing external aneurysm. Gout, by lead-

ing to atheroma, to chronic renal disease, and to spasm of the.

arterioles, and by being often associated with plethora, certainly pre-

disposes to aneurysm. Rheumatism occasionally leads to aneurysm,
by causing embolic arteritis ; it may also cause acute endarteritis,

followed by aneurysm.

Symmetry.—It is interesting to notice that aneurysms are not

infrequently symmetrical. Aneurysm of each popliteal artery has

often been met with, but such cases as aneurysm on each vertebral

artery within the skull—and on no other artery of the body—or of

each division of the hepatic artery, occur. This symmetry shows
how large a part " constitutional " causes play in the production of

aneurysm. The explanation of this symmetry is found—in part, at

least—in the following considerations. The arteries on the two sides

of the body are in precisely identical anatomical conditions. In
many cases the functional activity of the two sides is practically the

same—this certainly applies in the case of the vertebral artery, and,

in most occupations, to the popliteal artery ; the distending force is

one and the same in all cases—the force of the heart. These three
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factors underlie the production of the initial disease of the artery,

and its culmination in an aneurysm, in the great majority of cases.

Indeed, a purely idiopathic or spontaneous aneurysm must always be
symmetrical.

The influence of unequal function is "well shown in the much
greater frequency of spontaneous aneurysm in the arteries of the

right than the left arm. The occ\irrcnce of aneurysm in each

division of the hepatic artery is probably explained by the occur-

rence of embolism, a single embolus having been broken into two by
impinging upon the septum between the two hepatic arteries.

Development.—When an artery yields to the pressure of the

blood within it, the 'whole circumference of the vessel may be
stretched, or a limited patch of the wall of the artery may bulge out.

This will chiefly depend upon the extent of artery diseased. In
the large arteries atheroma often affects almost uniformly a con-

siderable extent of the vessel ; and in them, therefore, a yielding of

the entire vessel is most commonly met Avith. In these cases the

artery is dilated transversely and elongated, and a tubular orfusiform
aneurysm is formed. Uneven distribution of the disease of the artery

may cause irregularity in the outline of the aneurysm, and in some
cases marked local bulgings occur. When the whole circumference of

the artery yields, the three coats of the vessel are found in the sac

of the aneurysm. The inner coat is thickened from atheroma, and
sometimes contains calcareous plates. The middle coat is spread outr

the muscular fibres being separated, and ultimately undergoing fatty

degeneration. The outer coat is thickened by the addition of new
fibrous tissue. Localised yielding of an artery is due to the weaken-
ing of the artery advancing to a much greater degree in one
particular spot in the wall. This may be a patch of atheroma that

has undergone fatty degeneration ; and at first the whole thickness

of the artery bulges out, as in fusiform aneurysm. But as it grows
the middle coat becomes more and more scanty in its walls, until it

disappears, and the internal coat having lost its elasticity, ceases to

expand, and the sac comes to be formed by the thickened tunica

adventitia only.

In other cases the aneurysm commences in an " atheromatous

abscess," which bursts, or an "atheromatous ulcer." The part of

the artery thus weakened yields and expands, but in this instance

the intima and most of the media are absent from the sac from the

beginning, which resembles from the first the later stage of the pre-

viously described variety.

As aneurysms grow the original vessel wall is so stretched

and thinned that it may ultimately disappear over a large

part of the sac ; but its place is taken by new fibrous tissue formed

by plastic inflammation of the adventitia, and of the sheath of the

artery, and so the continuity of the sac is preserved. With yet

further enlargement of the aneurysm, the tissues and organs surround-

ing it, which are at first displaced by it, become incorporated in its

wall, and so it comes about that muscles, nerves, other blood-vessels
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bone, cartilage, fasciae, skin, and mucous canals may be found matted
in the sac of an aneurysm. Such aneurysms have generally a more or
less globular outline, and their sac or wall is more or less distinct
from the artery from which they spring. They are known as
globular or sacculated aneurysms.

In some rare cases it happens that the tissues forming the floor

and edge of an "atheromatous ulcer" are not so matted together as
to resist the force of the blood. When this is the case, the blood,

Pig. 167.—Diagrammatic Representation of the Varieties of Aneurysm.
A, A healthy artery; B, a fusiform aneurysm ; c, a sacculated aneurysm ; D, a dissecting aneurysm ;

a, b, c, d, the same in transverse sectiou.

instead of bulging out the floor of the ulcer, finds its way between
the coats of the vessel, and separates the intima from the media and
adventitia. In this way a diverticulum in the wall of the artery is

formed which is called a dissecting aneurysm.

Varieties.—The difference in the mode of development just

described forms the basis of the primary classification of idiopathic

aneurysms, and it is important to bear in mind that the distinction

between a " fusiform " and a " sacculated " aneurysm in not one of

shape merely, but of nature ; it is unfortunate that the terms em-
ployed do not better express the fundamental difference between
them. Sacculated aneurysms are subdivided into two main species

—

"circumscribed " and " diffused "—according to the continuity or the
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reverse of the sac of the aneurysm. We therefore arrive at the

following classification of spontaneous aneurysms (Fig. 1G7) :

—

1. Fusiform aneurysm.

o o l . i i (a) circumscribed.
It. feacculated aneurysm < ,; ,.- i i i

•
iJ

\
(o) diffused ; leaking ; ruptured.

3. Dissecting aneurysm.
4. Mixed aneurysm.

A fusiform aneurysm is one formed by the dilatation of the

entire circumference of an artery, and it is a dilatation in length as

well as breadth ; but, above all, its walls (or sac) are formed of all

the coats of the artery.

A sacculated aneurysm is formed by the yielding of a part

only of the circumference of a vessel ; and its sac, except in the earliest

stage of a few cases, consists at most of part of the wall of the artery

only. So long as the tumour is closed in by a continuous sac, it is called

a circumscribed aneurysm. When the sac is incomplete, it is called a

diffused aneurysm or a ruptured aneurysm, and this distinction is one

of vital importance. Other terms have been used in the classification

of aneurysms, especially " true " and " false." A " true " aneurysm is

one in which the sac is formed by all the coats of an artery. This is

always the case in fusiform aneurysm, but in sacculated aneurysm

—

to which the term has been generally applied—such a condition

is only met with in the early stages of the development of some
aneurysms, and when a comparatively large area of the arterial wall

has yielded to the pressure of the blood. This condition is incapable

of recognition by any clinical features of the aneurysm. Any aneu-

rysm in the sac of which all three coats of the artery are not found

has been called " false." These terms have, however, been also

used in another sense, for the term "true" has been used to denote

an aneurysm in which any part of the coats of the artery can be

demonstrated in the whole sac of the aneurysm ; and " false " has

been used to denote that condition in which a part, at least, of the

sac consists wholly of tissues other than the arterial wall. These

terms should be given up, for not only have they been employed in

different senses, but they connote a difference that cannot be appre-

ciated clinically and that is of no therapeutic importance. Either

form of aneurysm, whatever the nature of its sac, is a veritable

aneurysm, and to separate off any group and call it "false" is an

incorrect and unfortunate use of language.

A dissecting aneurysm is one in which the blood is contained

in a space between the coats of the artery. Such a diverticulum may
remain as a blind pouch, or it may open into the vessel lower clown,

or burst through its outer coats, and become a " ruptured or diffused

aneurysm."
A mixed aneurysm.—It sometimes happens that the entire

circumference of an artery dilates into a fusiform aneurysm, and that

at one part of the circumference a sacculated aneurysm is also formed

by a localised yielding of weakened tissues. In such cases the disease

must be called a mixed aneurysm. It is important to denote such
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cases by a special name, for they ai*e not uncommon, and the
addition of a sacculated to a fusiform aneurysm involves all the
dangers of the sacculated form of the disease, although it may happen
that the less serious fusiform aneurysm forms by far the larger part
of the tumour. The special features of each of these forms of the
disease must now be separately considered.

1. Fusiform Aneurysm.

Fusiform aneurysm is a dilatation in all directions of the entire

circumference of an artery ; the vessel is elongated as well as
enlarged laterally ; the enlarge-

ment may be uniform or irregular.

This form of the disease is espe-

cially met with in the arch of the

aorta, but it also occurs in the

descending aorta, the iliac, fe-

moral, and, rarely, in the popliteal

arteries, and in the innominate,

common carotid, subclavian, and
axillary arteries—in the largest

arteries in fact. Two or more
such dilatations may be met with

on the same trunk.

The sac of such an aneurysm
is formed of all three coats of the

artery, and is, as a rule, thicker

than the arterial wall ; this fact

constitutes the important patho-

logical distinction of fusiform

aneurysm, and explains its slow
course and its general benign
character as compared with sac-

culated aneurysm. The outer coat of the vessel is thickened,

often considerably, with new fibrous tissue ; the middle coat

is stretched, and the bundles of muscular fibres are thinned and
separated, and ultimately undergo fatty degeneration and dis-

appear. The inner coat is always thickened, uneven, and shows
well-marked signs of atheroma, calcareous plates are often found
in the wall of the aneurysm (Fig. 168). As a rule, the contents

of a fusiform aneurysm are solely fluid blood, with, at most, shreds

of clot adhering to rough portions of the interior ; but extensive

clots may be found, and spontaneous cure has been brought
about by the total occlusion of the vessel (Fig. 169). The most
important change that takes place in a fusiform aneurysm is when
some especially diseased part of its wall yields and forms a sacculated

aneurysm, for such a sac has a tendency to rapid growth, to exert

serious pressure on surrounding parts, and to rupture (Fig. 172).

If the disease involves the part of the aorta nearest to the heart,

Fig. 168.—Fusiform or Tubu-
lar Aneurysm of the as-

cending part of the Arch
of the Aorta, with Cal-

careous Plates in the Wall
of the Aneurysm. ( Middle-
sex Hospital Museum.)
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there is a special danger of rupture from failure of the outer coat to

undergo thickening and strengthening ; this is said to be due to the

absence of any fibrous sheath around this part of the artery.

The course of uncomplicated fusiform aneurysm is slow; the

disease develops slowly and may long remain stationary and give

rise to no serious symptoms. It is often the seat of a very loud

rough bruit. When the disease occurs in the arch of the aorta—its

most frequent situation—it is often fatal. In this situation the

tumour may cause serious pressure upon the very

important structures adjacent to it ; and from the

great pressure of the blood, some weakened part of

the sac is very liable to yield and form a saccu-

lated aneurysm, or the first part of the aorta may
burst into the pericardium or the auricle, and
cause instant death ; or, again, the great dilatation

of the aorta may affect the orifice and lead to

incompetence of its valve, or the great volume of

blood in the distended vessel may offer such ob-

struction to the action of the left ventricle of the

heart that sudden syncope occurs. It has also

been suggested that in fusiform aneurysm of the

first portion of the aorta, the coronary arteries

may not be duly filled, if the inelastic aorta does

not contract after the action of the left ventricle.

It is clear, however, that if the resiliency of the

aorta is so entirely lost that blood is not forced

into the coronary vessels, the cusps of the aortic

valve would not be opened out, and fatal re-

gurgitation would take place. Great dilatation of

the root of the aorta may displace the orifices of

the coronary arteries to such an extent as to im-

pede the cardiac circulation.

The diagnosis of fusiform aneurysm of external

arteries is made by noticing the form and position

of the pulsating swelling, and its slow and usually

symptomless course. The diagnosis of internal

fusiform aneurysm can rarely be made with certainty; the slow
course of such an aneurysm, and the absence of grave pressure signs,

would be strong evidence in favour of such a diagnosis, but would
not be conclusive evidence against a "mixed" aneurysm.

Treatment.—No curative treatment is employed for fusiform

aneurysm, for in external arteries it does not cause serious conse-

quences, and in the aorta cure can only take place by total

obliteration of the vessel. But palliative treatment should not be

neglected, and is of greater value the nearer the aneurysm approaches

the heart. It consists of all measures tending to lessen the blood

pressure in the aorta, and especially of the avoidance of effort and
strain, of avoidance of stimulants of all kinds, including over-eating,

«aid in careful regulation of the secretions.

Fig. 169.—Fusiform
Aneurysm of Pop-
liteal Artery, en-
tirely filled with
Laminated Clot.
Spontaneous cure.
(Royal College of
Surgeons Mu-
seum, No. 3246.

)
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2. Sacculated Aneurysm.

The sac-—A sacculated aneurysm is formed by a dilatation

of a part of the circumference of an artery. Where a relatively large

portion of the wall of an artery is weakened by disease, and bulges

under the pressure of the blood, the sac may at first consist of all

three coats of the vessel. In this case, the mouth of the aneurysm
will be large, and the sac of small size ; in the sac patches of

atheroma and calcareous plates may be found, proving without doubt
the presence of the inner coat of the artery. In its essential

features such an aneurysm resembles a fusiform aneurysm ; it is rare,

and found only on the larger arteries. If the aneurysm enlarges, the

inner coat does not keep
pace with it, the middle coat

is stretched and atrophied,

and the sac then consists of

the outer coat of the artery,

strengthened on its outside

by new fibrous tissue. It

would be more coi'rect, how-
ever, to say that when in

such an aneurysm the inner

coats are so diseased that

they give way, the aneurysm
at once enlarges. The import-

ance of the inner coats of an
artery in strengthening the

vessel and enabling it to

resist the pressure of the

blood has been too little re-

cognised. Figs. 1 54 and
155 show how large a share

they form of the wall of even
the largest arteries.

In the great majority of cases of sacculated aneurysm, the sac

from the first consists of a protrusion of the outer and part of the

middle coat only, the inner coat and the inner part of the middle coat

having been destroyed by atheroma. The muscular tissue is thinned

out, undergoes fatty degeneration, and quickly disappears. The
outer coat grows and is thickened by a new formation of fibrous

tissue, produced by chronic inflammation of the sheath of the

artery excited by the pressure of the aneurysm. The simplest

proof of this growth of the sac of an aneurysm is afforded by the

facts that it is usually thicker than the healthy arterial wall, and
that it is often so very much larger than the mouth of the sac

which corresponds to the portion of the artery from which it took

origin (Fig. 170). When blood-clot adheres to the interior of the sac,

it quickly becomes organised into fibrous tissue, and strengthens the

sac on its inner surface. The sac of such an aneurysm can be

Fig-. 170. — Large Sacculated
Aneurysm of the Popliteal
Artery. (Middlesex Ho=jjital
Museum.)
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distinguished from the sac or wall of any other tumour by the exist-

ence of many spaces between the layers of fibres composing it ; these

spaces are filled with loose connective tissue, and their occurrence is

said to be due to the pulsation in the aneurysm.

In a small aneurysm, therefore, the sac consists in part or in

whole of the coats of the artery. In a medium -sized aneurysm the

sac is formed practically entirely by a new growth of fibrous tissue

firmly incorporated with the remains of the outer arterial coat

;

the new tissue is the product of chronic peri-arteritis, and is some-

times supplemented by the organisation of adherent clot. In very

large aneurysms another condition is introduced. As the tumour

grows, it presses upon and displaces the surrounding parts ; some of

these are atrophied, some are flat-

tened out, but it often happens
that some of them become em-

bedded in the constantly-forming

new fibrous tissue, so that in the

sac of a large aneurysm, tendons,

fasciae, ligaments, nerves, vessels,

cartilages, and bones may be found

matted together by fibrous tissue.

The typical sac, therefore, is a new
formation of fibrous tissue, and
it is this fact which explains the

special features of the life-history

of sacculated aneurysms.

The outline of the sac de-

pends chiefly upon three circum-

stances. The primary tendency is

for the aneurysm to assume a

globular form, owing to the

equality of fluid pressure in all directions. This is modified by
the unequal resistance offered by the surrounding structures, as

well as by the effect of the direct impact of the blood-stream

upon that part of the sac opposite its mouth. But if a clot adheres

to part of the sac and becomes organised, it strengthens the sac at

this spot, and the chief growth then takes place where the sac

is thinner and weaker.

The contents of every uncured sacculated aneurysm consist in

part at least of ordinary arterial blood, which after death appears

as a soft black blood-clot. In nearly all cases, more or less clotting

of the blood occurs during life, and these clots play a most important

part in the history of an aneurysm. The clots vary greatly in

amount, in arrangement and in appearance. They are usually

found in concentric layers pressed firmly against the sac, many of

the layers being firm and almost colourless, others being softer and
more granular, and coloured with varying shades of red and brown.

The coagulation results from the adhesion of the ferment-containing

corpuscles to the interior of the sac, and their subsequent disinte-

Fig. 171.—Sacculated Aneurysm of Com-
mon Carotid Artery.

o, Common carotid artery; 6, ext. carotid
artery ; c. int. carotid artery ; d. sac of aneu-
rysm ; e, laminated clot partly filling sac.
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gration, which sets free the ferment and leads to the formation of

fibrin. The differences in the clots is explained in two ways : one view
is that if this fibrin forms in a rapid blood-stream, the corpuscles are,

as it were, whipped out of it, and a clot of nearly pure fibrin is

the result ; such a clot is called a tvhite clot, from its colour, and
an active clot, from its supposed special active share in the

cure of aneurysm, and a laminated clot from its occurrence in several

imbricated layers (Fig. 171). If, however, the fibrin separates in

blood that is nearly or quite stagnant the corpuscles are caught in its

meshes, and a red, passive, or blood clot results. Between these two
extremes, of a rapid blood-stream and stasis, all gradations occur,

and therefore clots of various degrees of corpuscular richness and
colour result.

This has been A C~M
the usually ac-

cepted view.

Evidently it

rests solely upon
surmise, as the

process has never

been seen, and
it is exceedingly

improbable that

the blood plate-

lets would adhere

to the sac at all

if they were ex-

posed to the rush

of a stream of

blood, rapid
enough to " whip"

the fibrin free

from corpuscles.

Corroboration of this is found in the absence of such clots

in fusiform aneurysms. Another more probable view is that

coagulation only occurs in quiet " eddies " and " backwaters

"

of an aneurysm, and that in all cases the clot when formed is true

blood-clot—fibrin and corpuscles—and that it becomes greatly

altered in nature and appearance by the pressure to which it is

exposed. The pressure flattens out the clot against the sac, and
squeezes out the serum, the red corpuscles then disintegrate, and so a
" white " fibrinous clot is obtained, and when several clots have been

formed and thus pressed together, the " laminated " appearance is pro-

duced. A clot not exposed to this pressure and formed shortly before

death, presents the usual features of blood-clot.

The layers of clot in an aneurysm are variously arranged : the

most typical condition is that in which the oldest clot is next the

sac, and those formed later are arranged concentrically within it

;

this produces a very characteristic laminated appearance, and as

172. -Fusiform Aneurysm of Arch, of Aorta. (Museum of the
Royal College of Surgeons.)

Shewing at e, a sacculated pouch; g, laminated clot: /, recent clot ex-
tending into a, left subclavian artery ; c, left caro'.id ; 6, innominate
artery.
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each layer is smaller than the layer next outside it, an imbricated

appearance is produced. Very often, however, the clots are pressed

to one side of the sac, or the blood finds a path between the clots

and the sac, and new coagula are deposited there, and then the

oldest layers of a laminated clot may be in the centre ; the growth
of the aneurysm in a new direction is another way in which the

order of deposit of clots may be varied. There is one sign by which
the relative age of the layers of clot may be determined, and that is

their colour ; the older a clot the more completely have the cor-

puscles within it disintegrated, and therefore the whiter it is. The
colour of a clot, indeed, is an index of age rather than of the mode
of its formation. Old fibrinous clots are very resistant and may
continue unaltered possibly for years.

The coagula within an aneurysm are extremely important. In
the first place they protect and strengthen the sac ; next, as we shall

see later, they are the natural means of cure of the aneurysm
;

and, lastly, by partly filling up the sac they greatly reduce the

pressure of the blood on the sac of the aneurysm and on the parts

around it. This last is a very valuable function. The pressure on
the wall of an aneurysm is in direct proportion to the ratio of its

area to the transverse area of the artery from which it springs,

and an aneurysm, from this point of view, may be regarded as a

living Bramah press, and therefore the mere partial filling of the

sac by a solid material—clot—by so much reduces the pressure of

the aneurysm. As a result of this, aneurysms containing much clot

increase slowly, if at all ; and aneurysms without coagula grow very

rapidly, and exert enormous pressure upon the sac and the surround-

ing parts.

The organisation of the clots can only occur when "lymph"

—

plasma-cells—can pass into them from the living tissue of the sac,

and this is prevented by the movement of the clot on the sac with
each ventricular systole ; if any change takes place by which the clot

is protected from this disturbance, then the layer next the sac

quickly becomes adherent to it and converted into fibro-cellular

tissue. One reason why this does not take place more readily is

that the sac of an aneurysm is not, as a rule, lined by the tunica

intima, the endothelium of which plays such an active part in the

organisation of a thrombus in a vessel. The way in which coagula

lead to the cure of the aneurysm will be dealt with farther on.

The effects Of aneurysm.—The effects of an aneurysm are

partly those caused by the development and growth of a tumour

—

pressure effects—and partly those due to interference with the

arterial circulation.

Pressure effects.—The pressure of an aneurysm upon the

parts around it, for the reason already given—that it is a " living

Bramah press "—is much greater than that of any other kind of

tumour, therefore the pressure effects are often of the highest im-

portance in the course of a case. The first and most constant effect

of the pressure is to excite chronic iniiamrnation in the immediately
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adjacent tissues ; this thickens and strengthens the sac on its outer

surface, and mats together the tissues. In certain cncumstances
acute inflammation, with suppuration, may be produced. From their

proximity to arteries veins are very often compressed, and more or

less obstruction is offered to the venous circulation, leading to

cyanosis and oedema of the parts beyond, with dilatation of the

smaller veins. A vein may be ultimately obliterated by the pres-

sure or its wall " ulcerated " and a communication opened between it

and the aneurysm.

(See Varicose aneu-

rysm, page 636.) By
a similar process an
aortic aneurysm may
form a communica-
tion with the pul-

monary artery. Lym-
phatics are com-
pressed, and pressure

upon the thoracic

duct leads to wasting

and to chylous ascites.

The pressure of

an aneurysm often

produces great
changes in skeletal

structures. "Nerves

are stretched, flat-

tened out, and under-

go degeneration ; this

leads to neuralgic

pain, numbness, anaes-

thesia, and paralysis

of muscles. Pressure

on a motor nerve
rarely, if ever, causes

spasm of the muscles
supplied by it : pressure on the phrenic is said to cause spasm of the

diaphragm : and pressure on the inferior laryngeal nerve is said to

cause laryngeal spasm ; but it is doubtful how far this occurs.

Pressure on a mixed nerve may cause spasm by reflex irritation :

in this way pressure on the vagus may excite spasm of the larynx

on the opposite side.

Bones are absorbed, being hollowed out, perforated, and removed
without signs of inflammation : this is most often seen in the spine

and sternum (Fig. 173). Cartilages, whether costal, intervertebral, or

articular, have much greater power of resisting absorption, and may
be unaltered when bones and fascia? have disappeared, but they are

flattened out or displaced by large aneurysms. Fasciae are stretched,

thinned, and then blended with the sac. Muscles are displaced,

Fig. 173.—Large Sacculated Aneurysm of the Descending
Aorta with. Absorption of the Bodies of several Vertebrae.
The intervertebral discs show no change. (Middlesex
Hospital Museum.)
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flattened out, and then absorbed ; tendons are very resistant, and
are displaced, flattened out, and then incorporated in the sac. In
certain situations mucous canals, such as the oesophagus, the trachea,

or one of the bronchi, are displaced and compressed.

Effects on the circulation, (a) Loss of force.—The force

with which blood is propelled into an aneurysmal sac is so much loss

to the pressure with which the blood is propelled onwards, for only

a trifling amount is returned in the form of elastic recoil. This

loss of force in the circulation beyond it is the most constant and
characteristic effect of an aneurysm. As its direct result, the tension

in the arteries beyond is reduced, and the nutrition of the tissues

supplied by them pro tanto affected. But Nature, as it were, re-

sponds to the call of the impoverished tissues and imperfectly filled

arteries in two ways : (1) by hypertrophy of the left ventricle, and

(2) by an enlargement of the collateral arteries above the aneurysm

;

so that blood is poured into the vessels below, partly through the

main trunk and partly through the anastomosing channels. When
the condition of the patient prevents compensatory cardiac hyper-

trophy, and the anastomosing vessels are so diseased that this en-

largement cannot occur, the coldness and wasting of the parts

beyond an aneurysm may be marked. In many cases of aneurysm
the associated cardiac hypertrophy precedes the development of the

aneurysm, being chiefly due to widely distributed atheroma and the

loss of elasticity in the diseased arteries generally.

(b) Effect on the pulse.—The pulse-wave travelling along an
artery is so interrupted by the presence of an aneurysm that in

the artery beyond it the wave is delayed, and smaller and feebler

than it otherwise would be. Much attention has been paid to

sphygmographic tracing of the pulse in arteries beyond an aneurysm,
and the late Dr. Mahomed attributed great diagnostic value to these

Fig. 174.—Sphygmographic Tracings of the Badial Pulse of a Patient with Aneurysm of the
Eight Brachial Artery. (Mahomed.)

1, Left radial pulse ; 2, right radial pulse.

sphygmograms. In a typical case the tracings show a loss of the

impulse and dicrotic waves, and a diminution of the force and

rapidity of the tidal wave ; this is well seen in the accompanying

figure copied from Dr. Mahomed (Fig. 174). The influence of an

aneurysm upon the pulse-wave no doubt depends upon the size of

the aneurysm and of its mouth, and this explains the variations

that are observed in different cases.



COURSE OF ANEURYSM. 601

(c) Obstruction of an artery may be caused by an aneurysm
in two or three ways : (1) The clot in the aneurysm may extend

into and block up the artery, or a portion of it may be detached and
carried into the artery as an embolus

; (2) the mouth of a branch
may be involved in the sac, and first stretched and displaced, and
then obliterated

; (3) it is stated that the sac of an aneurysm may
enlarge in such a way as to compress the vessel from which it springs;

but of this there is considerable doubt. The obstruction of the

artery will have its usual signs and consequences.

(d) Syncope is a not infrequent effect of large aortic aneurysms,

as has been already stated (page 594).

Course and terminations.—In every sacculated aneurysm there

are two opposing forces and tendencies. The pressure of the blood

tends to its progressive enlargement, and this is opposed by the

thickening and strengthening of the sac and the coagulation of the

blood within it. In some cases these forces are so evenly balanced

that an aneurysm remains stationary even for years. As a rule,

this balance is not maintained, and the aneurysm either enlarges

under the influence of the blood-pressure, or advances towards

spontaneous cure ; sometimes alternations between one and the other

are observed, as the conditions in the aneurysm vary. The main
conditions influencing the course of an aneurysm are the strength of

the cardiac contractions—habitual and occasional,—plethora, and the

obstruction offered by the arterioles, the resistance offered to its

growth by the parts around it, the presence or absence of clot within

it, and the intensity of the chronic inflammation set up around the

sac, on which the continual growth of the sac largely depends. Many
other circumstances, such as the nature and importance of the parts

pressed upon, affect the clinical course of a case of aneurysm ; but
we are just now only concerned with the pathological progress of the

aneurysm itself.

The ctare of an aneurysm is in every case only obtained by
obliteration of the artery from which it springs. This statement

rests not only upon the authority of Scarpa, who first propounded it,

but is borne out by all clinical and pathological experience. So far

as the aneurysm itself is concerned, the process of cure consists first

in the filling of the sac with coagulum, and secondly in the organisa-

tion of this coagulum. We have already studied the mode of forma-

tion of clot in an aneurysm. The organisation of the clot is effected

in precisely the same way as that of a thrombus in an artery, but
the process is less rapid owing to the absence of the endothelium

—

that is to say, plasma cells pass from the sac into the clot, disin-

tegrate and absorb it, and replace the clot by a vascular fibro-cellular

tissue. This process, taking place from the periphery towards the

centre, finally reduces the aneurysm to a mass of fibrous tissue, con-

siderably smaller than the original tumour. The first step—the fill-

ing of the sac with clot—may and often does occur without the

second step—organisation of the clot—and it may be mistaken for

"cure," and this mistake explains many disappointments met with in
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the treatment of aneurysm, and the cases of so-called recurrence of

an aneurysm. It is the second part of the process—the organisa-

tion of the clot—which is alone really curative, and in the cases

just referred to, this essential step fails owing to the forcible stream

of blood flowing through the artery. We have seen, in studying the

healing of wounded arteries, that in cases of punctured and lateral

wounds healing never occurs, unless the wounded artery is occluded,

for the stream of blood passing through an artery effectually pre-

vents the organisation of the clot sealing over the wound in its wall.

The same holds true of the thrombus in an aneurysm. So long as

that is subjected to the impact of the blood propelled through the

artery, organisation cannot occur in it. In outlying parts, bays,

and recesses of an aneurysm the clot may be so freed from disturb-

ance that organisation can occur in it, and we have seen that in

this way the sac may be strengthened from within, and partial cure

may even result

—

i.e. certain parts of the aneurysm may be per-

manently cured. But the entire clot will not be organised, and the

local disease cured, unless and until the artery from which it springs

is occluded. There is no more striking case of the importance of

"rest" in securing "cure" than in the organisation of the clot in an
aneurysm, and it is just because this perfect rest can only be secured

by the obliteration of the artery that it is essential to the cure of

every aneurysm. The obliterated portion of the artery—usually the

part between the adjacent branches—is convei-ted into a solid fibrous

cord, to which is fixed the button of similar tissue into which the

aneurysm is converted.

This fact is of the highest importance. It affords the key to all

successful treatment of aneurysm. It should also guard us against

mistaking improvement for cure, and it teaches us that the cure of

some aneurysms—as of the ascending part of the arch of aorta— is in-

compatible with life, while cure of some others can only occur at the

cost of the gravest disturbance of the circulation and danger of gangrene.

Spontaneous cure of an aneurysm sometimes occurs in

circumstances difficult to explain. It is known to be brought about

in at least three ways.

(1) Gradually, by extension of the clotfrom the aneurysm into the

artery.—The conditions favouring this are : (a) a uniform and not

too forcible action of the heart ; (b) the development of collateral

vessels, lessening the tension in the artery
;

(c) the development of a

second aneurysm higher up in the same arterial trunk, lessening the

force of the arterial circulation below it ; (d) such a disposition of

the aneurysm that its sac compresses the artery from which it arises.

It is possible, too, that the outline of the sac, the form and size of its

mouth, and the existence of disease of the inner coat of the artery

may affect this result.

(2) Suddenly, by embolism.—A portion of clot may be displaced

from the aneurysm, or from one higher up, and washed into the artery,

may plug it, and a thrombus then form upon it and extend above

the mouth of the sae.
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(3) Plastic arteritis may be excited by inflammation around the

sac of an aneurysm, and seal the artery above and below the tumour.
This is a rare event.

Cases of sloughing of an aneurysm without haemorrhage have
occurred. This is, of course, to be carefully distinguished from a
"cure" of the aneurysm. The patient recovers, but by a process

analogous to amputation. A case of suppuration, with recovery of

the patient, has recently been recorded by Oliver, in which the sac

of a large subclavian aneurysm, together with a part of the clavicle

and part of the brachial plexus, was thrown off in one huge slough,

which weighed over a pound; the ends of the subclavian artery

securely sealed were visible in the deep wound left.

Growth Of the aneurysm.—The continuous growth of the

aneurysm may be fatal from its pressure-effects or from syncope, as

is often seen in thoracic aneurysm. If not, it ends usually in rupture,

but occasionally in suppuration.

(1) Eupture.—An aneurysm may rupture externally through the

skin, or internally into a mucous, serous, or synovial cavity, or into

the cellular tissue around the sac. Rupture through the skin is

finally effected by the separation of a slough of corium, and the

haemorrhage is at once fatal, unless controlled by surgical means,
which in these cases are rarely applicable. Rupture into a mucous
canal occurs in the form of a small ulcer, which often becomes
temporarily plugged with a clot ; but as the ulcer enlarges this clot

is displaced, and further escape of blood occurs. In such cases,

therefore, the haemorrhage is generally repeated—slight at first, each
time more profuse, until a fatal loss occurs. The blood may be poured
into the trachea or a bronchus, causing haemoptysis; or into the gullet

or stomach, causing haematemesis; or into the bowel, causing melaena.

The rupture into a serous cavity is by a slit or stellate opening,

permitting a profuse, and generally at once fatal, haemorrhage—
haemopericardium, haemothorax, hsemoperitoneum or intracranial

haemorrhage. Rupture into a joint is of a similar nature, but the

haemorrhage is less serious, owing to the resistance of the capsule.

When the sac ruptures subeutaneously, one of two results may
follow. The blood may diffuse itself widely along the planes of cellular

tissue of the part, separating and compressing structures, arresting crr-

culation, and eventually causing gangrene, if the patient does not suc-

cumb from the acute anaemia. Such a case is well called a " ruptured

aneurysm," and is similar in its nature and effects to a "ruptured
artery." But the rupture of the sac may be a small one, permitting

what may be called a leaking of the blood into the tissues. This

blood may coagulate, and a new spurious sac be formed around it,

partly by the fasciae of the part, partly by the products of the

inflammation the extravasation has excited. Such a spurious sac is

not an effective barrier to the escape of more blood, and usually a

further rupture soon ensues. These cases have been grouped together

and all called " diffused aneurysms," but the varying extent of the

rupture of the sac and the variation in the subsequent amount and
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force of the escape of blood into the tissues, upon which the

symptoms and effects depend, justify a separation of these cases into

two classes. Where the sac has ruptured freely it should be called

a " ruptured aneurysm," and where the sac has given way to a

slight extent only it may well be called a "leaking aneurysm."

(2) Suppuration.—The inflammation excited by an aneurysm
may become acute and end in suppuration of the tissues adjacent to

the sac \ this is most often seen where, as in the axilla, the aneurysm
is surrounded by loose cellular tissue, and where a slow rupture of

the sac has occurred ; it may also be excited by prolonged or rough
handling of the aneurysm, or by sudden coagulation of the blood in

a large sac. The pus thus formed tends to reach the surface, and to

burst externally like that of any acute abscess. Two special effects

of the suppuration, however, must be noticed: (a) As the sac of an
aneurysm, like an artery, derives its blood-supply from vessels which
reach it on its outer surface, the occurrence of suppuration immedi-
ately around it, by destroying these vessels, deprives the sac of all

nourishment and it therefore sloughs ; this sloughing is the effect and
not the cause of the surrounding suppuration, (b) The inflammation

extends along the sac to the artery and excites arteritis ; if this

assumes the plastic form it seals the vessel, and when the sac separ-

ates the aneurysm is cured ; but if it is suppurative such a closure of

the vessel does not occur, and either before or after the abscess

around the aneurysm has burst, the artery opens into it, and fatal

haemorrhage occurs. This latter is the more frequent event of the

two.

Signs and diagnosis.—The characteristic features of an uncom-
plicated sacculated aneurysm will first be considered, and then those

of its varieties and complications. The facts already noticed afford a

ready explanation of all the points we shall have to mention, and if

the essential features of an aneurysm are kept in mind it is com-
paratively easy to avoid erroi-s in diagnosis.

(a) Signs saiad. diagnosis of an uncomplicated saccu-
lated aneurysm.—The primary phenomenon is a tumour placed

over and fixed to an artery ; it varies in shape, but is usually more
or less globular. In size it ranges from a small nut to a cocoa-

nut ; if placed deeply or containing much clot it is firm in consist-

ence, but if superficial or containing little clot, it is softer, and may
even fluctuate.

This tumour pulsates, being expanded and rendered more tense

with each beat of the heart. The force of the pulsation depends

partly upon that of the cardiac contraction, but more upon the

proximity of the aneurysm to the heart, the size of the sac, and the

amount of clot within it. Ballance and Edmunds have shown by
experiment that the effect of the varying blood pressm*e of the

arterial circulation is much greater in an aneurysm than in the

artery, each beat of the heart raising the pressure in the aneurysm
more than it does in the artery ; this accounts for the marked and
striking pulsation of aneurysms. It may be more marked in some
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situations than others, owing to iriegularity in the disposition of

the clot ; but so long as the aneurysm has any cavity into which
blood is forced with each systole, the pulsation is of an expansile

character. If the limb is depressed, the force of the pulsation and
the tension of the aneurysm may be noticed to be increased, while if

it is raised both are diminished ; this is owing to the expansion and
contraction of arteries which takes place in dependent and raised

limbs respectively.

When the main artery of the pai-t is compressad above the

aneurysm, so as to arrest the flow of blood through it, the pulsation

in the tumour of course ceases, and the tumour shrinks and becomes

less tense; by gentle pressure the surgeon may then be able to empty
the sac still more. If now the pressure is taken off the artery above,

the tumour rapidly fills out again, and in two or three beats resumes
its former size and tension. This shrinking of the tumour when the

circulation is arrested is due to the elastic recoil of the stretched sac

and adjacent tissues, and the degree to which the tumour can be
emptied is a measure of the amount of fluid blood it contains. This
sign is the most distinctive feature of aneurysm. Compression of

the main artery just beyond the tumour is said to cause the tumour
to become more tense.

In nearly all, but not all, cases a bruit is heard over an aneurysm

;

it is produced by the blood rushing into or out of the aneurysm, and
is varied by the position, size, and shape of the mouth, and the dis-

position of the sac and clot within it. The bruit is most often

systolic in time and blowing in character ; it is heard equally well

all over the tumour, and is not increased by moderate pressure of

the stethoscope ; occasionally it is diastolic as well as systolic, and it

may be harsh or musical in character. The rush of blood into the

aneurysm may also cause a thrill in the sac with each heart-beat

;

this thrill is only felt over the tumour. The pulse in the artery

beyond, when compared with that on the opposite side of the body,

is delayed in time and usually is lessened in force ; sometimes it is

absent, owing to obliteration of the artery. The sphygmogram may
be characteristic (Fig. 174). The heart is usually hypertrophied,

and the arteries are often found to be atheromatous.

Various pressure-signs may be met with ; the veins below the

aneurysm may be distended and varicose, and the subcutaneous tissue

cedematous. Muscular weakness and wasting are frequently noticed,

owing to defective nutrition, and paralysis may occur from pressure

on nerves ; this increases the wasting. Striking examples of the

effects of nerve pressure are the dilated pupil, and unilateral abductor

palsy of the larynx from pressure on the cervical sympathetic and
recurrent laryngeal nerves respectively.

The pain of aneurysm may be slight or very severe. It is of two
kinds : a constant deep aching, boring, or burning pain in and
around the tumour, caused by the peri-aneurysmal inflammation, by
the tension of the parts, and especially by absorption of bone ; and a

sharp lancinating pain referred to the areas of distribution of sensory
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nerves that may happen to be compressed; tingling, m.mbness,
and, rarely, anaesthesia may be met with.

The diagnosis of such an aneurysm rests upon the determina-

tion of two points : the existence ofa circumscribed tumour, and the com-

munication of that tumour with an artery. The pulsation of a normal,

or enlarged, or over-pulsatile, or displaced ai-tery may be mistaken for

an aneurysm, and this is especially the case in the condition of " pul-

sating aorta," frequent in women, and often associated with dyspepsia.

To remember that the detection of a distinct tumour is the first and
essential step in the diagnosis of an aneurysm will always prevent

such an error. The communication of a tumour with an artery is

shown by the expansile nature of the pulsation, and especially by the

shrinking of the tumour when the artery above is compressed, and
by its gradual filling out when that pressure is removed; the blowing

character of the bruit and the facts that it is heard equally well all

through the tumour, and is not affected by moderate pressure of the

stethoscope, are other useful evidences of this condition.

Many other tumours pulsate, either from close proximity to an
artery or from extreme vascularity.

A tumour over an artery has a heaving, but never an expansile

pulsation, and it is often only noticed in certain parts of the tumour,

or in certain positions of the limb; if the tumour is sufficiently

mobile, it may be lifted away from the artery, and the pulsation in it

at once arrested. When the artery above is compressed, such a tumour
does not shrink, and when the pressure is removed and the pulsation

returns, no increase of the tension of the tumour results. These

facts show that the tumour does not communicate with the artery.

Such tumours may produce a bruit by compression of the artery,

but it can be distinguished from an aneurysmal bruit. In the first

place, it is not blowing in character, but rasping, like that produced

by compressing any artery with the end of a stethoscope ; then the

bruit is often only heard just along the line of the artery, and not

over the whole tumour ; and lastly, if the end of the stethoscope is

so held as to press the tumour against the artery, the bruit is

increased in intensity, until the pressure is great enough to occlude

the vessel, when, of course, it is lost altogether
;
pressure on the

tumour in any other direction has no such effect. Where the

tumour is cystic, the signs may be modified in one or two important

ways. Thus, if the cyst envelop the artery and its tension is not high,

the pulsation may be slightly expansile, owing to the throb of the artery

indenting the wall of the cyst over it and displacing a certain quantity

of fluid ; but this expansion is not to be compared in degree with

that in an aneurysm of a similar tension. Again, if the cyst com-

municates with another cavity, as some cysts near joints communicate

with the articular synovial cavity, the tumour can be emptied and then

fills out again. But this emptying and refilling can be distinguished

from that of aneurysm by noticing three points: (1) that compres-

sion of the artery above does not cause shrinking of the tumour,

nor return of circulation fill out the tumour if it has been emptied
;
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(2) that the cyst is emptied by steady gentle pressure equally well

whether the artery above is compressed or not, and that it fills out
steadily without pulsation, not per saltumj (3) the fluid expressed
from the cyst may be detected in the joint. By attention to these

signs, then, tumours over and receiving pulsation from arteries

can be shown not to communicate with the arteries, and, therefore,

not to be aneurysms.

Tumours which pulsate from their extreme vascularity, such as

some forms of sarcoma and pulsating bronchocele, differ from
aneurysms in the pulsation being less markedly expansile, and in the

fact that when the main artery supplying the part is compressed and
the pulsation stopped, the tumour does not shrink, nor can it be

reduced in size by pressure, and when the compression of the artery

is removed, the pulsation returns instantly to its former degree—the

tumour is not appreciably filled out. If there be a bruit in

these pulsating tumours, it is of a soft whiffing character, and is

usually more intense in some parts than in others ; it is not modified

by pressure. A slight thrill may be perceived. In some cases other

signs at once establish a diagnosis ; for instance, the tumour may be
situated quite away from any large artery, as on the side of the knee,

or it may be distinctly movable over the neighbouring artery, as a

bronchocele, or pulsation may be noticed in part of the tumour only,

the rest of it being very firm, or even hard in consistence, or special

signs, as of expansion of bone, may be present.

A pulsation and thrill in the veins of the part, and a loud

rasping bruit conducted along the vessels, would indicate com-
munication of the aneurysm with a vein. {See Arterio-venous

aneurysm, page 633.)

Enlargement of the tumour, without loss of its distinct outline

and with increase in the intensity of pulsation, are the signs by
which growth of the aneurysm, as distinguished from rupture of the

sac, is recognised.

(b) Signs and diagnosis of an aneurysm undergoing
cure.—When an aneurysm is undergoing cure by becoming gradually

filled with clot, the tumour becomes smaller and harder, with less

marked pulsation ; its compressibility, when the circulation is arrested,

is diminished, and the bruit and thrill are modified or lost. When
*/he aneurysm is quite full of clot, but the artery still remains

patent, the pulsation is heaving and has lost all its expansile charac-

ter. The tumour is then quite incompressible ; and if a bruit is

heard over it, it is increased in intensity by gentle pressure. At the

same time the local pain and any pressure-signs that may have been

present diminish or disappear. The fixity of such a tumour to the

artery, and, when known, its previous condition and the general

clinical history, serve to distinguish it from a gland or other solid

tumour over an artery. When the case passes into one of cure,

by the artery becoming obliterated, pulsation disappears, and the

tumour shrinks still more, while afterwards the collateral arteries

may be felt to be enlarged. When cure takes place more suddenly
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by embolism, or by rapid coagulation in Lhe artery and the sac,

there is often sudden pain in the part, as well as abrupt cessation of

the pulsation, bruit, and thrill in the tumour, and a sudden failure in

the circulation in the part beyond, shown by coldness, pallor, loss of

pulse in the arteries, weakness, and numbness. The tumour then
gradually shrinks, and meanwhile the anastomotic vessels enlarge, and
the circulation in, and function of, the parts beyond are restored.

(c) Signs and diagnosis of rupture of the sac of an
aneurysm.—The signs of subcutaneous rupture of the sac of an
aneurysm are increase in the size of the tumour, with loss of its

definite outline—due to the escape of blood around the sac—and
diminished or abolished pulsation in the tumour, for the pulsation

depends upon the resistance of the sac. If the rupture is small—

a

mere leak—these are all the signs it presents, and the rapid enlarge-

ment of the swelling is distinguished from that caused by growth of

the aneurysm by the less clear outline of the swelling, and by the

diminished, instead of increased, pulsation. If the extravasation of

blood is more extensive, but is still surrounded by a spurious sac,

there is noticed a sudden increase in size of the tumour, which
presents very little, if any, pulsation, and perhaps both bruit

and thrill are lost. The coagulation of the blood in the tissues

may make the swelling firmer in places, and the tumour ill-defined.

It increases rapidly, and when it reaches the skin, it points, and
often fluctuates like an abscess before it bursts. Such a rupture

is attended with pain, the circulation in the parts below is consider-

ably interfered with, the pulse in the arteries is very weak or lost,

the veins are full, and the cellular tissue is cedematous. The pressure

on the nerves makes the parts benumbed and heavy or motionless.

When a wide rupture of the sac occurs, and the blood is poured freely

into the tissues, the patient usually experiences a sudden acute pain

in the part, and he turns cold, pale, and faint. The parts about the

aneurysm become very greatly swelled, livid, and cold ; all pulsation,

oruit, and thrill are lost. The arteries below are pulseless, and
the tissues livid, cedematous, and insensitive, and quickly become
gangrenous from entire arrest of the circulation. The signs, in fact,

are two : those of severe internal haemorrhage, and the rapid accumu-

lation of blood in the tissues under such pressure that all circulation

in the parts is stopped. There is no local heat or other evidence of

inflammation. The three degrees of rupture here indicated might

be distinguished as "leaking," "diffusion," and "rupture" of an
aneurysm.

(d) Signs and diagnosis ol suppuration ofan aneurysm.
—The inflammatory oedema around the aneurysm causes an increase in

the swelling, which obscures the outline of the tumour, and makes
the pulsation, bruit, and thrill less apparent. At the same time the

part is hot, red, acutely painful, tender, and it pits on pressure.

There are also a high temperature, and the other phenomena of

acute inflammatory fever. When pus forms, the swelling fluctuates

and " points " ; and when it is evacuated, chocolate-coloured pus,
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mixed with fibrinous coagula and sloughs, escapes, and subsequently
free arterial haemorrhage may occiu*. If, before the abscess bursts,

the artery opens into it, there is a sudden increase of the swelling

with great increase in the force and superficiality of the pulsation.

The signs of suppuration and rupture are closely alike, for

both are attended with increased swelling, diminished clearness of

outline of the tumour, and lessened pulsation. In rupture, how-
ever, the part is cold, there is no fever, and the circulation in the

parts beyond the aneurysm is obstructed ; in suppuration the part

is hot and red, and the patient is feverish, and the circulation

beyond may be but little interfered with.

Treatment Of aneurysm.—In treating an aneurysm the surgeon

should imitate nature in her methods of curing the disease. We have
seen that cure is only obtained when the portion of artery from which
the aneurysm springs is obliterated. This may be accomplished (1) by
lessening or removing the obstacles to the coagulation of the blood

within the sac of the aneurysm, and to the extension of the clot into

the artery
; (2) by exciting coagulation within the sac ; or (3) by

occluding the artery from which the aneurysm springs. All the

numerous methods of treatment are effective only as they lead to

one or other of these results. They are conveniently divided into

constitutional and local methods of treatment.

Constitutional treatment.—Constitutional measures are of

great value in reducing the tension within an aneurysm, and by this

means favouring the coagulation of the blood within it. They are also

employed with a view of increasing the plasticity of the blood, and
of combating the disease of the arterial wall. In both of these

directions their value is much less certain.

To reduce arterial tension two methods are principally relied

upon—the lessening of the force of the heart, and the diminution of

the total quantity of blood.

(1) To lessen the force of the heart the patient must be kept at

perfect rest—physical, mental, and emotional. He should lie as nearly

horizontal as is compatible with comfort , all his wants should be

attended to, so that he shall make no movement to help himself. He
must not sit up to take food, or empty the bladder and rectum ; and
in some cases he has been forbidden even to raise a handkerchief to

his face. He must not be allowed to transact any business, nor be

excited by books, conversation, or other influences. In cases of

excited action of the heart some good may be obtained by giving

aconite or belladonna internally, and by wearing a belladonna plaster

over the prsecordia. Opium is often of great service in relieving

pain, and in allaying physical and mental restlessness.

(2) To reduce the quantity of the blood it is generally sufficient to

place the patient on a dry and restricted diet, such as the following :

6 oz. of bread, 2 oz. of meat, a little butter, and 6 oz. of milk or

water per diem. It is better to reduce the diet gradually than to

cut it down to this point suddenly, and care must be taken not to

distress the patient too much by these restrictions, lest the good

u
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effect of the diet is counteracted by the evil influence of fretfulness

and worry. When the patient is plethoric, and the arterial tension

very high, repeated saline purges and venesection are useful.

This treatment has sometimes been pushed to an extreme point, and
the patient has been so reduced by purgings and repeated bleedings,

that he fainted if raised in bed, and the tension of the circulation

has been at the minimum consistent with life. Such a course would
only be pursued in cases of internal aneurysm, in which no local

measures could be adopted ; and even in them physicians refuse

nowadays to carry their treatment to the point sanctioned by

Valsalva and others. But while this extreme measure is to be depre-

cated, the wise employment of constitutional means to reduce arterial

tension should never be omitted or neglected.

To increase tine plasticity ofthe blood has been the second

aim of constitutional treatment. It has been thought that by a dry
restricted diet, such as that just mentioned, or by a very richly

nitrogenous diet, the proportion of fibrin in the blood can be increased,

and the natural cure of an aneurysm thereby promoted. Apart
from the consideration that so little is as yet definitely known of

haemopoiesis and the means of influencing it, that much uncertainty

must be felt on the efficacy of treatment to attain this end, it is

important to bear in mind that cure of an aneurysm is never hindered

by lack of fibrin in the blood, and that the essential condition for

coagulation of the blood is a setting free of the fibrin-ferment from
within the corpuscles in which it normally lies. Even supposing

that by constitutional means we could cause a breaking-up of these

"ferment corpuscles," we should still do more harm than good unless

we could ensure that it should only occur in the aneurysm and the

artery adjacent—a condition impossible to secure by constitutional

means alone.

Iodide of potassium in full physiological doses (5ij per diem) has

been much vaunted, but there is great divergence of opinion as to

its value. If syphilitic arteritis is the cause of the aneurysm, the

iodide is said to exert a beneficial influence upon this disease, ai-resting

its progress and even leading to absorption of some of the inflamma-

tory deposit. But inasmuch as syphilitic arteritis is attended with

great thickening of the intima, and only leads to aneurysm when
absorption of this new tissue has weakened the artery, it is difficult

to appreciate how iodide of potassium can do good by causing the

absorption of the syphilitic products. Indeed, when an arteryhas been

so softened that an aneurysm has developed, it is open to question

whether any effective repair of the vessel wall can occur. The
beneficial effects that have followed the use of iodides in full doses

have been probably due to their depressing action on the heart and

their power of reducing arterial tension rather than any more direct

action upon the diseased vessel. Other drugs, especially acetate of

lead, and perchloride of iron, have been employed in aneurysm ; but

nothing definite is known of their value.

In conclusion, then, we may sum up by saying that constitutional
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treatment—when not pushed to an extreme barely compatible with

life—is very valuable in reducing the arterial tension ; but that its

beneficial effect upon the composition of the blood and upon the

disease of the artery is open to doubt.

Local treatment.-—-The simplest local treatment is to raise the

part, if a limb, and to bandage it with gentle pressure over the

aneurysm. By these means the arteries of the part are made to

contract, the tension in the aneurysm is lowered, the sac is sup-

ported, and the resiliency of it and of the surrounding tissues is

supplemented. Combined with judicious constitutional measures
this is all that is required to cure some cases, and unless there are

special conditions of urgency, these means may be carefully tried in

all appropriate cases before adopting more active local measures.

These are many, and we will consider them in the following order :

—

1. Treatment by compression.

2. Treatment by ligature.

3. Excision of the aneurysm.

4. The introduction of coagulating agents.

5. Amputation.
1. Treatment by compression.—

(a) Digital compression.

(b) Instrumental compression.

(c) Flexion.

(d) Esmarch's bandage.

(e) Temporary ligature.

By these various forms of compression a temporary diminution
or arrest of the circulation through the diseased artery and the

aneurysm can be obtained without, it is hoped, any permanent block

in the arterial system elsewhere, and (with one exception) without
the risks inherent to a cutting operation involving blood-vessels.

Before the introduction and perfecting of the aseptic treatment of

wounds, compression occupied a much more important place than it

does to-day : asepsis and the ligature of arteries without rupture 6i

their inner tunics have abolished the perils which formerly attended
the operation of ligature, and which were avoided by the use of com-
pression. We shall see that compression and ligature are closely alike

in the processes by which they lead to the cure of an aneurysm, that

there is no difference in the principle of the two methods, and that the
choice between them is determined by secondary considerations.

(a) Digital compression is the best means of temporarily con-

trolling the flow of blood through an artery. In order that the

pressure of the thumb shall be easily efficient, it is necessary for

the artery to be placed not too deepty, and to be well supported by
bone. This greatly limits the positions in which digital pressure

can be successfully employed, and its applicability is further re-

duced by the fact that relays of assistants are required to carry it

out. It is employed as follows: the part, if hairy, is carefully

shaved and well dusted with boric acid powder or French chalk.

A spot where the artery to be compressed is most superficial

u 2
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is chosen, and the thumb is placed upon it with just sufficient

force to stop all pulsation in the aneurysm ; it is not necessary

completely to occlude the artery, and still less is it right to use such

pressure as will light up inflammation or cause sloughing. The hand
of even the strongest man quickly wearies unless

the muscles are relieved by resting upon the thumb
a weight of about 6 lbs.— a conical bag of shot is

the best weight to use—then the pressure may be

kept up for 20 to 30 minutes. Three assistants

should be in attendance together : one compressing

the artery, one with his hand on the

aneurysm to regulate the amount of com-
pression and to note its effect, and the

third resting and ready to relieve the com-
pressor. When the change of hands is

made care must be taken to have the

artery controlled by the fresh man before

the weary one raises his thumb ; and this,

not only to protect the aneurysm from a

sudden return of pulsation in it, but to

secure that the pressure shall not be made
upon exactly the same portion of skin

and artery. The arteries that can be com-
pressed digitally for the treatment of

Fig
'pr^r

a
for

S

th^
te
F
y
emorai

aneurysm are the common femoral, the

Artery. common carotid, the subclavian, the

axillary, and the brachial.

The advantages of digital over other forms of compression

are, that it is less painful than instrumental ; more exact, for, in

many cases, the pressure can be brought to

bear upon the artery without involving the

companion vein or nerves ; the pressure can

be better regulated both as to position, direc-

tion, and amount by the finger than by an
insentient compressor, and the skin of the

thumb is less liable to gall that of the

patient than any other substance is. Digital

pressure can also be employed in two situa-

tions at least, where instrumental pressure

cannot—to the common carotid and sub-

clavian arteries. On the other hand there

are many situations where it cannot be used,

and in all cases it is troublesome to carry

out owing to the relays of assistants required.

(6) Instrumental compression is carried

out by various forms of tourniquets and

artery compressors, which replace the thumb
more or less efficiently ; the best are a conical bag of shot and Carte's

compressor (Fie. 175V in which the force is elastic, and the direction

Fig. 176.—Signoroni's
Tourniquet.
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can be well regulated. Signoroni's tourniquet (Fig. 176) and Lister's

aorta compressor (Fig. 177) are also sometimes of use. In using any
form of instrumental compression, great care must be taken to pre-

serve the skin from galling and sloughing, and, if possible, to com-
press the artery only (not the vein) with just enough and not too
much force, and so to fit on the compressor that it will not shift or
allow any alteration of the direction of pi'essure ; the pressure is best
made on two parts of the vessel alternately, using two instruments,

one of which is adjusted before the other is raised. To effect all this

requires the constant attention of a skilled assistant, and it should
not be left to the patient to carry out the treatment. Instrumental
compression is more painful than digital, and more difficult to carry
out without accident or temporary remission ; it can be employed in

some situations where no other form of pres-

sure is available

—

e.g. the aorta.

The facility with which either form of

compression can be carried out is greatly

affected by the disposition of the patient

;

the pressure is painful, and the entire repose

of the patient, which must be rigidly en-

forced, is irksome ; sedatives and narcotics

are often necessary, but with a restless,

irritable patient, successful compression of

an artery is exceedingly difficult to carry

out, and may be impossible.

The effects of compression of the artery on
the proximal side of an aneurysm, whether
digital or instrumental, vary considerably.

They may be nil, and even when the com-
pression has been long continued, its re-

moval may be followed by the return of pulsation in the sac just

in its former intensity, and no benefit is obtained. In other

cases it is found that the aneurysm gradually becomes firmer and
smaller, and the pulsation less marked and less expansile, until it

ceases altogether, and the solid pulseless aneurysm wastes to a

fibrous knot on a permanently obliterated vessel. When this is the

case, successive acts of coagulation have occurred as a result of the

diminution of the tension in the aneurysm, and each clot as formed

has been flattened out against the sac, forming "laminated clot/'

until at last the sac has been filled, and the clot has then extended

into and plugged the artery. The clot is formed by successive acts

of coagulation, each one being represented by a lamina, and being

due to some specially favouring condition of the circulation. Evid-

ence of this can be found in the remains of white corpuscles found

between the various laminae. The clot is not, therefore, a gradual

growth of coagulum. Further evidence of this lies in the fact

that the pulsation always finally disappears suddenly. As
soon as the pulsation is wholly heaving in character, showing
that the sac is filled, the pulsation no longer gradually

Fig. 177.—Lister's Aorta
Compressor.
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diminishes in force, but ceases suddenly, if at all, from a clot

filling the artery.

In other cases—and these form a large proportion of those that

are successful—it is noticed that the aneuiysm within a short time
suddenly becomes solid and pulseless, and subsequently undergoes
the shrinking and hardening indicative of cure. Here a single

act of coagulation has filled both aneurysm and artery with clot,

which subsequently organises. These different effects upon the

aneurysm are due in part to the varying degrees in which the pressure

employed controls or arrests the circulation in the aneurysm, and partly

also to the varying " tendency of the blood to coagulate," including

in this term possibly varying conditions of the. sac and its lining, and
of the ferment-containing corpuscles. Compression of the main artery

may merely reduce the pressure of the blood in the artery beyond,

the blood still flowing into and out of the aneurysm, but with little

force, and in a continuous non-pulsatile stream, having either flowed

on through the partly-closed artery or through collateral vessels.

On the other hand, it may arrest the arterial circulation so effectively

that the blood in the aneurysm is stagnant. When the varying

degrees of pressure applied, and the varying number and size of

anastomosing channels through which the blood can find its way are

borne in mind, it becomes at once clear that the effect upon the

circulation of compression of a main artery must vary.

But an aneurysm that has become partially or wholly solid does

aot always become cured. It has often happened that shortly after

such a change has been observed, the sac has been found of its

former consistence, and pulsating as forcibly as ever. This is because

the clot has been disintegrated by the force of the blood and carried

away, partly in the form of minute embolisms. The clotting of the

blood is only the preliminary step to cure, which depends solely upon
the organisation of the thrombus.

Two other effects of arterial compression must be noticed. If it

is long-continued or often repeated, the collateral vessels enlarge and
permanently take an important share in the blood supply of the part.

As a result of this, the blood pressure in the aneurysmal artery is

permanently lessened, and the effect of occlusion of the main artery

is then less marked upon the whole part, including the aneurysm. It

follows from this—and it is most important to bear it well in mind

—

that the beneficial effect of compression is greatest when first

employed, and steadily diminishes Avith long continuance or frequent

repetition, and that its long use lessens the prospect of cure from

subsequent ligature of the artery. If long continued and too violent,

periarteritis, arteritis, or phlebitis may be excited, and in one case at

least a communication has been known to form between the artery

and vein—aneurysmal varix—at the point of pressure.

The mode of practising compression varies. It may be con-

tinuous or interrupted, or digital compression may alternate with

the use of a compressor, or the amount of compression may be

diminished to allow the patient to sleep. Continuous compression
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is to be preferred in all cases where the patient can bear it, and the

requisite arrangements can be made. Opium may be given to allay

pain and restlessness, and to secure sleep ; and when considerable

pressure has to be employed, especially in controlling the abdominal
arteries, the patient may be kept under the influence of an anaesthetic

while the compression is applied. In any case in which compression

is employed, care should be taken to choose the most suitable form,

and to try it thoroughly ; if it fails, it should not be frequently re-

peated, nor continued long. If it succeeds in procuring a clot, great

care must be taken to guard this from disintegration, by keeping the

part at rest with moderate compi^ession of the artery for two or three

days. When compression fails, ligature may often be successfully

practised, but it influences the result of the operation in several

ways. The ligature should never be placed, if possible, exactly

where an artery has been long compressed, as the parts may be

found matted together, and the risk of injury to the vein is thereby

increased. The enlargement of the collaterals diminishes the risk of

gangrene after ligature, but, as we have seen, it lessens the prospect

of cure of the aneurysm.

(c) Flexion.—Aneurysms in the ham or at the bend of the elbow-

may often be rapidly cured by fully flexing the joint for several

hours. By this means the sac is compressed, and the artery is

occluded partly by the pressure of the sac, partly by the bend in its

course. In these circumstances the blood may coagulate en masse.

If the flexion is less acute, the flow of blood through the aneurysm
may be so moderated that successive acts of coagulation occur, and
the sac is gradually filled with laminated clot. This treatment

has the merits of simplicity, safety, and rapidity, and it is attended

with a minimum of discomfort. It is especially adapted for small

slowly-growing aneurysms, and should never be employed when the

tumour is of large size, rapidly-growing, or threatening to become
diffused. The limb should be evenly bandaged up to the joint, and
then fully flexed, and fixed either by a bandage, a strap and buckle, or

heavy sand-bags. Frequent examination of the part should be

made, and as soon as the sac is found to be consolidated, it is to be
protected from the full force of the blood, either by moderate flexion,

or by some form of compression of the. artery higher up.

(d) Esmarch's elastic bandage (Reid's treatment) may be used to

secure stasis of the blood in the aneurysm and adjacent artery, in the

hope that the stagnant blood may coagulate, and the thrombus sub-

sequently organise. It is only applicable to aneuiysms below the

groin and axilla. The elastic bandage should be carried firmly from
the fingers or toes, nearly up to the tumour, and then, missing the

tumour altogether, continued firmly round the limb above for a short

distance. Sometimes the bandage is carried lightly over the aneu-

rysm, so as slightly to compress the sac, and perhaps also empty the

companion vein. The bandage should be left on for an hour and
a-half—not more—and the pain subdued by morphia or chloroform

;

and if, on its removal, the blood is found to have coagulated within
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the sac, the clot must be protected for two or three clays by moderate

compression of the main artery. This treatment differs from all other

forms of treatment of aneurysms, in that for the time it entirely

arrests the circulation in the part. The advantages of this method
are its simplicity and rapidity. Its disadvantages are that it is so

painful that it is usually necessary to administer an anaesthetic ; it

often fails ; it may modify the general blood pressure to a serious

extent, and, by causing rupture or thrombosis of the arteries around

the sac, it may interfere with the anastomotic circulation, and cause

gangrene ; and it may rupture the sac. It is ill-adapted for patients

with disease of the heart or internal aneurysm. It does not lessen

the prospect of cure by subsequent ligature.

(e) Temporary ligature.—This is really a form of compression,

for it differs from all other forms of

ligature in not aiming at a permanent
occlusion of the artery operated on.

It may be employed in the form of

acupressure, a long stout curved needle

being passed well beneath both artery

and vein, and a pad fastened over the

artery by thread tied round the ends
of the needle. A much better plan is

to expose the artery in the usual way
for ligature, pass a ivire ligature

beneath it, and bring the ends of the

wire out through the skin on each

side of the wound, about an inch

apart. A piece of cork can then be
placed over the artery, and the ends

of the wire twisted over it sufficiently

tight to impede, but not to arrest, the flow of blood through it.

Other forms of ligature may be used. These methods are perhaps

ingenious, but they have nothing else to commend them. They art

attended with a certain risk of embolism from a clot forming above
the ligature and being afterwards carried on, they may cause per-

manent occlusion of the artery from the contusion of its walls, and
they are attended with the risks common to all cutting operations.

An aseptic ligature, properly applied, is distinctly to be preferred.

2. Treatment toy ligature.

The proximal ligature cures by causing a permanent occlusion in

the artery on the cardiac side of the aneurysm, and such a diminu-

tion of the tension in the sac, and slowing of the flow through it,

that clotting occurs, and eventually spreads into and permanently

blocks the artery. The ligature may be applied quite close to the

sac, as was first done by Anel, in 1710, for a traumatic aneurysm of

the brachial artery at the bend of the elbow (Fig. 178, a) ; or it may
be done at a distance above the aneurysm, as was first done by
Hunter in 1785, who tied the femoral artery (and vein) in the

middle of the thigh for a popliteal aneurysm (Fig. 178, b). Since

Tig. 178.—Ligature of Arteries for
Aneurysm.

\, Ariel's operation ; B, Hunter's operation.
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that historic date the Hunterian operation for

aneurysm has been attended with greater suc-

cess than any other, and its details must
therefore be carefully considered.

As compared with Anel's method, Hunter's

operation claimed three conspicuous advantages

—(1) It was sasier to cut down upon and tie a

normal artery than to expose a vessel close to

the sac of an aneurysm which might have
seriously displaced parts, and even overlapped

the part of the vessel sought
; (2) it was free

from the danger of injury to the sac, either by
the surgeon's knife or from inflammation

around it. In pre-antiseptic days, when
nearly every wound suppurated, this was a

very grave danger. An incision which exposed

the sac was very liable to be followed by sup-

puration around the sac, which then sloughed.

With our present knowledge and means of

preventing infection of wounds this danger

pertaining to Anel's method has disappeared.

(3) The third advantage claimed was that the

artery at a distance from the aneurysm was
more likely to be healthy and safely tied than

at a spot close to the sac. There is no
anatomical proof of this statement. Arteries

close above aneurysms are not found to be

more diseased than at some spot nearer the heart

chosen at random. Further, with the use of

aseptic animal ligatures, especially if so tied as

not to sever the inner coats, even diseased

arteries may be safely ligatured. To-day, there-

fore, the advantages that a Hunterian operation

presents over Anel's are reduced to this—that in

many cases it is easier of performance, and
that it does not exvjose the sac to the risk of

injury. (See also page 519.)

TIse Hunterian operation. (1) Effects.

—As a rule, branches come off from the artery

between the seat of operation and the aneurysm,
and when the ligature is tied, the anastomosing
vessels enlarge, and pour blood through these

branches into the main artery below the

obstruction. This blood flows on in a gentle,

usually pulselsss, stream past the mouth of the

sac, and into it, if still patent. This flow be-

comes more and more free as the anastomosing
170.—Showing the

Result of Ligature of the External Iliac Artery, for Aneurysm of the lower end of the
Common Femoral Artery. A considerable length of the iliac artery is obliterated.
(Ballance and Edmunds.

)

U*
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vessels enlarge, and by it the limb below the ligature is nourished.

The force of the circulation being thus removed, the blood in the

aneurysm coagulates, and the clot extends into the artery, and causes

a second block in the main blood channel. This thrombus organises,

and so leads to the cure of the aneurysm. What we have seen above in

considering the effects of compression (page 613) as to the gradual or

sudden occurrence of this complete coagulation is equally true when
the artery is tied. In some cases—the majority—all the blood in

the aneurysm at once clots, and often . that in the

artery, too ; but in other cases the coagulation is

partial, and repeated until the cure is completed.

This second block in the main artery may necessi-

tate the enlargement of a second set of anastomos-

ing channels, to carry the blood from the patent

part of the artery between the ligatui-e and the

aneurysm into the vessels below. The vitality of

the parts below the aneurysm thus comes to

depend upon the sufficiency of a double set of

anastomosing arteries, and it is exposed to great

peril. It is for this reason that gangrene is more
likely to occur when an artery is ligatured for

aneurysm than for any other cause.

In some cases—as, for example, in ligature

of the lower part of the common carotid artery

for an aneurysm at the bifurcation of this trunk

—no branches intervene between the ligature and
the sac. Then, when the thread is tied, the

onward flow of blood into the artery and aneurysm
is entirely arrested, and only a regurgitant flow

from the vessels beyond the aneurysm occurs. The
cure is brought about in the same way as before,

by the clotting of the blood in the sac of the

aneurysm now that it is freed from the force of the

circulation. In these cases the clot fills the whole
length of the artery from the ligature to the

aneurysm, and all this part of the vessel is permanently obliterated.

There is no reason to think that this clot results from a gradual

growth of that formed on the distal side of the ligature. Rather
it is that the whole mass of stagnant blood coagulates. Only one set

of anastomoses are enlarged, from the vessels on the cardiac side of

the ligature to those on the distal side of the aneurysm. Even when
there are branches between the ligature and the aneurysm, clotting

and permanent occlusion of the main vessel sometimes occur in the

whole length of the vessel. Thus, in a case of Hunter's, in which he

ligatured the superficial femoral artery for a popliteal aneurysm, the

artery was found to be permanently obliterated from the origin of the

profunda femoris to just above the bifurcation of the popliteal trunk
;

but this result is the exception, for Savory has shown that of seven-

teen cases cf ligature of the femoral for popliteal aneurysm the

Fig. ISO.—An Artery
that had been
tied in its Con-
tinuity, showing
Obliteration of
the Vessel for
half an inch only

.
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vessel was pervious between the ligature and the cured aneurysm in

fourteen. In some cases the length of artery obliterated at the seat

of ligature is very small, and this is well illustrated by the specimen
in St. George's Hospital Museum, from which Fig. 180 is taken.

(2) Failure to cure the aneurysm by proximal ligature may be due
to two or three causes. Very rarely it is found that the sac remains
filled out Avith fluid blood, no coagulation occurring, and it may even
enlarge without pulsation from the blood regurgitating into the

artery. More often the clotting that occurs is limited to the

aneurysm, and does not extend into the artery ; or, if it does, the

arterial thrombus is disintegrated, and disappears leaving the vessel

patent. Whenever this is so, the aneurysm is not cured even if

it become solid and undergo considerable shrinkage ; enlargement
may at any time occur. Thus Mr. Scott, of Bath, has recently

recorded the case of a man whose femoral artery was tied for a

popliteal aneurysm in 1883, the tumour became much smaller, and
was said not to pulsate. Eight years later it began to increase

in size, and in 1894 a large aneurysm was excised from the ham, and
the popliteal artery was found to be patent. Here it is clear that

the first operation failed to cure the case, because the artery was
not occluded, and the shrunken aneurysm afterwards yielded to the

pressure of the blood.

This " recurrent pulsation," as it is called, or failure in the cure

of the aneurysm, may depend upon some special relation of the

mouth of the sac to the artery ; but its more probable and better

known cause is a too forcible stream through the artery. This may
result in some cases from failure of the ligature to occlude the artery,

and this may arise either from the first knot in the thread slipping

before the second is tied, or from premature softening and absorption

of an animal ligature allowing the artery to open out, or from the

vascularisation of the scar in the artery being so free as to open up
the vessel again. All these may be included under the head of failure

of the ligature to occlude permanently the tied artery.

Another equally important cause is too great freedom of the anas-

tomotic circulation, so that the blood is carried in a rapid and forcible

stream into the artery below the ligature. Hence any circumstance

which leads to a previous enlargement of the collaterals, such aslong-

•continued trials of compression, diminishes pro tanto the prospect of

cure by the Hunterian ligature. That this is the explanation of most
cases (at any rate) of " recurrent pulsation " is shown by the readi-

ness with which these cases are cured by compression or by religa-

ture of the artery lower down. Recurrent pulsation is more fre-

quent with the modern aseptic absorbable ligatures than with others :

this is in part due, no doubt, to the failure to occlude the artery

that may attend their use
;
possibly also the smaller extent of the

clot which forms on the distal side of such a ligature than of a septic

non-absorbable one has something to do with this result. As with

compression, so with ligature ; the more delayed the cure of the

aneurysm, the less likely is it to be brought about at all. As a
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curative agent the ligature is most potent immediately after its

application when the disturbance of the circulation at the seat of

the aneurysm is at its maximum.
(3) The accidents that 'may occur after the Hunterian operation,

as distinguished from mere failure to cure the aneurysm, are (a)

secondary haemorrhage at the seat of ligature, (b) gangrene, and
(c) inflammation and suppuration around the sac. For the causes

and treatment of secondary haemorrhage from an artery tied in con-

tinuity, the reader is referred to page 541. Gangrene after ligature

of an artery is also dealt with elsewhere. (See page 534.) We may
here repeat, however, that the gangrene is generally of the " moist

"

variety, for venous obstruction is a marked element in the case.

When an aneurysm has been the cause of great venous obstruction,

ligature of the main artery of the part, by greatly diminishing the

vis a tergo, is very liable to lead to moist gangrene, extending as high

as the aneurysm. " Dry " gangrene is the result of failure to esta-

blish a sufficient anastomotic circulation, or of thrombosis in a

diseased artery ; it may be limited to a small area, or involve the

whole limb up to the aneurysm. Inflammation around the sac is a

much rarer occurrence ; it has occurred most often in the groin and
axilla, where the tumours are not well supported, and particularly

in the case of a large sac or where the aneurysm is becoming diffused.

The causes that have been assigned are the handling to which the

tumour has been subjected before and after the operation, and the

presence of large masses of fibrin in the sac. The sudden solidifica-

tion of a large aneurysmal sac in the midst of soft loose tissues is

probably an important element in the production of local gangrene

from pressure and thus of suppurative inflammation.

(4) Symptoms after ligature.—At the moment of tightening the

ligature the aneurysm shrinks and ceases to pulsate. In the best

cases it quickly becomes solid, and then gradually diminishes in size,

without any return of pulsation in it. Very often, in eighteen to

thirty hours, when the anastomosing vessels are fully dilated, and

the limb is warm, a faint pulsation, or a trembling sensation, or a

distinct throbbing is detected in the aneurysm ; this may last foi

hours, or even days, and then pass off, or it may increase and become

permanent. These differences depend upon the extent and rapidity

of the clotting; if the whole aneurysm and adjacent artery become

at once thrombosed, no pulsation is felt ; if the sac is filled and

the artery patent, pulsation is felt, which varies in intensity

with the force of the heart and the freedom of the anastomotic

circulation.

The limb is at first cold, benumbed, and the arteries below the

ligature are all pulseless ; if all goes well, sensation returns, the part

becomes warmer, and a pulse can be felt in the arteries, and some

of the enlarged collaterals may also be felt. If moist gangrene

comes on the part remains cold, swells, becomes mottled, vesicles

form on it, sensation and the power of motion are entirely lost,

and with this the usual constitutional symptoms of moist gangrene



TREATMENT OF ANEURYSM. 621

develop. If dry gangrene ensues, the bloodless part remains cold

and insensible, shrivels, dries, and mummifies.

(5) Treatment after ligature of the artery.—Immediately after

ligature the limb, covered up with a thick layer of cotton wool,

should be slightly raised and supported evenly on pillows. Hot
bottles may be placed in the bed, but not in contact with the limb

;

the aneurysm should not be examined or disturbed. When the re-

establishment of the circulation and the cure of the aneurysm are

accomplished, these precautions may be gradually and carefully

dispensed with. Should pulsation be noticed after a short time, the

surgeon must have patience, as in great probability it will pass off

But if it persists, or even increases, and it is evident that the

operation has failed to cure the aneurysm, compression of the main
artery with gentle pressure upon the tumour should be tried, and if

the aneurysm is in the ham, flexion

is very likely to succeed. If this

fails, the artery should be tied

nearer the sac, if possible, in such

a place that no large branch shall

intervene between the second

ligature and the sac ; should this

fail or be impracticable, the aneu-

rysm should be excised. If the

sac remains full of fluid blood, but
pulseless, it should be excised.

If moist gangrene supervenes

amputation above the aneurysm
should be performed at once; but
if the gangrene be "dry " a line of

demarcation should be awaited,

and time given for the full re-

establishment of the circulation

before any operation is done, and
then the surgeon should content himself with either removing the

dead part, or only so much more as will permit of the formation of a

good stump. If the ligature fails by slipping or premature softening

and absorption, the wound should be opened up, and a second one
applied immediately above the position of the first.

If secondary hsemorrhage occurs, religature of the artery should

be practised if simple pressure fails to arrest it, and if that does not

succeed, amputation above the aneurysm at the level of the ligature

must be performed. (See also page 548.)

When the sac suppurates, the best treatment to pursue is open
to question. When suppuration is only threatening, free antiseptic

incision may succeed in cutting short the inflammation. When the

mischief is more advanced, the choice lies between excision of the

sac and amputation ; where haemorrhage has already occuired, where
the aneurysm is large or deeply-placed, or the inflammation widely-

extending, amputation is certainly indicated.

Fig. 181.—Diagram illustrating the Mode
of appljing Distal Ligature for Aneu-
rysms at the Root of the Neck.

The ligature on left common carotid artery, A, is
Brasdor's operation ; ligature of right carotid
and subclavian arteries, B and o, for innomi-
nate aneurysm is Wardrop's operation.
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The distal ligature.—This is employed in two ways. Brasdor's

operation consists in tying the diseased artery beyond the aneurysm, so

as to arrest entirely the circulation through and past the sac : e.g.

ligature of the common carotid artery close to its bifurcation for

aneurysm of the root of the artery (Fig. 181, a). Wardrop's operation

is a modification of this, inasmuch as one or more of the branches

coming off beyond the aneurysm are tied, but the whole stream

through the aneurysmal artery is not stopped : thus, in a case of

innominate aneurysm, the common carotid and third part of the

right subclavian arteries may be tied, still leaving the stream of

blood passing from the innominate trunk into the branches of the

first part of the subclavian artery (Fig. 181, b).

The distal ligature resembles in its mode of action the plugging

of an artery by an embolus washed out of an aneurysm. It succeeds

in curing an aneurysm partly by the clotting spreading back from the

seat of ligature to the aneurysm, and partly by the lessened tension

and stasis in the aneurysm caused by the diversion of the blood

stream, allowing the natural tendency of the blood in the aneurysm
to coagulate, to have full play. When the common carotid artery is

tied near its bifurcation for an aneurysm lower down, not only may
the clot formed at the seat of ligature extend down along the artery

as far as the aneurysm, but this clotting is favoured by the fact that

such a diversion of the blood stream into the subclavian artery of the

same side occurs, that the tension in the carotid is diminished.

In Wardrop's operation these influences are less powerful in their

action, and it is therefore less frequently successful than in Brasdor's.

In some cases, after a temporary improvement, the sac has rapidly

enlarged after distal ligature, and the operation has appeared to do
harm ; suppurative inflammation around the sac may also occur.

The distal ligature is never used where the proximal can be applied;

it has been chiefly employed on the arteries of the neck for aneurysm
of the aorta and of the arteries at the root of the neck. When
dealing with these special aneurysms we shall have to discuss its

value more in detail.

3. Excision of tlae aneurysm.—This operation is called also

the " old " operation for aneurysm, the " operation of Antyllus," and

the method of " double ligature," but the name we have chosen is the

one that best describes it. It may be performed in two ways. The
circulation in the part being controlled by a tourniquet, one method
is for the surgeon to make a free incision down to the outer surface

of the aneurysmal sac, and then carefully to separate all the structures

from this sac, taking great pains not to injure veins and nerves.

The artery or arteries attached to the sac are then carefully ligatured

in turn ; when all are tied they are cut on the aneurysm side of the

ligatures—or they may be tied with double ligatures and divided

between, one by one—and the tumour is lifted away. By the other

method, the sac is laid freely open, all blood and clot within it

turned out, and each end of the artery entering it and any branches

passing out from it are tied. Where possible, the first method is
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the best to employ. The second method, which is the ' old

"

operation, may be one of the most formidable operations in surgery,

and, up to the days of Hunter, many bold surgeons preferred to

amputate the limb rather than expose their patient to the enormou?
primary and secondary risks from haemorrhage, diffuse cellulitis, and
gangrene. Percivall Pott spoke of the event of the operation as
" always fatal," and Hunter had not a single successful case.

The experience of a century ago is not a sure guide to us to-day

in any operation. With ansesthesia to secure perfect stillness of the

patient, and to free the surgeon from all need to hurry ; with

improved means of hsemostasis, enabling us to operate without loss

of blood, where formerly continuous bleeding not only exhausted the

patient, but obscured the field of operation ; and with asepsis, which
abolishes inflammation, suppuration, blood-poisoning, and secondary

haemorrhage, it follows that we must try to form a new estimate of this

operation. Viewed from our present standpoint, then, the operation

has two defects : («) it may be, and often is, very difficult of execu-

tion ; and (6) it exposes the patient to danger from injury of

important structures. The risks from wound infection and from
hsemorrhage can generally be avoided ; it has the merit which
belongs to no other treatment of aneurysm—that if the operation is

successfully carried out it certainly "cures" the aneurysm. Largely

owing to the great success of other treatment, this operation is

rarely employed, but where proximal ligature fails to cure, it should

always be chosen in preference to amputation. Unfortunately it is

just in those cases in which the ligature is least applicable and least

successful that excision cannot be employed. Several successful

cases of excision of aneurysms have recently been recorded, and it is

probable that this mode of treatment will be employed more
frequently in the future than in the century following Hunter's

memorable operation.

4. The introduction of coagulating ageaats.— Manipula-

tion of the sac ; acupuncture; galvano-puncture ; injection of coagu-

lants ; introduction of foreign bodies.

Manipulation was suggested by Sir W. Fergusson. His object

was to displace the clot lining the sac into the mouth of the artery.

To employ it properly the artery should be compressed on the cardiac

side of the aneurysm ; the sac is then inverted by the thumbs until

its contents are felt to be displaced ; it is hoped that the artery

may be occluded, and the tumour cured by this means. The treatment

has been occasionally successf id, but it has been attended with such

grave accidents that now it is abandoned. Employed in aneurysms

at the root of the neck, there is great danger from fatal or very

serious embolism ; in any situation it may lead to rupture of the

sac or to inflammation around it. The manipulation of an aneurysm

involved in its surgical examination has not unfrequently led to its

rapid solidification, and such an "accident" is always welcome; but,

as an intentional mode of treatment, manipulation is not now re-

sorted to.
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Acupuncture.—By simply passing needles into the sac and leav-

ing them for some days, coagulation has been set up in aneurysms
which had resisted other means of cure. Dr. Macewen, of Glasgow,

has employed the method in a move precise manner, and has un-

questionably obtained admirable results. He passes his needles in

such a way that by the throbbing of the aneurysm its sac is scratched

against their ends. He asserts that by this scratching of the sac a

white clot is produced, and he lays great stress upon the importance

of this " white clot," which he says resembles the clot which can be

watched to form in the capillaries of a frog's web when it is injured.

It is evident that to pass needles in the way directed must be an ex-

ceedingly delicate operation, for if done carelessly the sac might be

torn quite through. It is open to doubt whether a white clot, com-

posed of fibrin and disintegrated corpuscles only, is formed, or that

if it were, its presence would be of greater value than ordinary blood

clot. The treatment should only be employed when compression,

ligature, and excision are alike impracticable.

Galvano-puncture is employed as follows : two or more fine steel

needles, carefully insulated to within one-third of an inch of their

points, are introduced into the aneurysm about an inch apart, having
the whole of their bare points within the sac. One needle is con-

nected with the negative pole, and the other or others with the

positive pole of a constant current battery ; or all the needles may
be connected with the positive pole, and the negative pole placed in

contact with the skin close by. A current of low intensity, but
high tension, such as is obtained from sevei'al small cells—a battery

of ten or twelve Leclanche cells will do— is used, and should be con-

tinued until a decided effect is produced, such as diminished pulsa-

tion or hardening ; the needles are then withdrawn and the punc-

tures sealed with collodion. When successful, a firm clot is formed
around the positive pole or poles, consisting of fibrin and coagulated

albumen precipitated by the dissolved iron of the needle ; this clot

is acid in reaction and oxygen gas is given off at this pole. A soft,

frothy, spumous, alkaline clot is formed at the negative pole. The
operation usually requires to be repeated. The evolution of gas

may be so abundant as even to give a resonant percussion note.

Galvano-puncture has, up to the present, had the greatest amount of

success among the methods now under consideration.

Injection of coagulants, such as perchloride of iron, has been

practised. It is necessary that the artery should be compressed

above and below the aneurysm during, and for some time after, the

injection, lest the fluid pass into the general circulation and serious

thrombosis and embolism result. The best of all coagulants is

Woolclridge's ferment. Owing to the difficulty of guarding against

the coagulant escaping from the aneurysm, the scope of this method
is very limited. Langenbeck suggested the injection of a solution

of ergotin around the sac, with a view of exciting contraction of the

muscular fibres in its wall ; but this treatment lacks both theoretical

and practical sanction.
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Introduction of foreign bodies (Moore's operation).—Foreign
bodies have been passed into the sac of an aneurysm to excite

coagulation of the blood, and to assist in filling the sac with
solid matter ; iron wire, catgut, and horsehair have been employed.
The best material to use is fine steel wire coiled small and
rendered aseptic by pi*olonged immersion in liquor potassse. This
can most conveniently be passed into the sac through a Southey's
cannula. The success attending this operation has been exceed-

ingly small, and the method is not regarded with favour. Cure
and improvement have been reported from it, but in the great

majority of cases failure has attended its use ; in one case extensive

sloughing of the sac followed its employment. If used at all, only a

small quantity of wire should be introduced at any one time.

The introduction of coagulants is the least satisfactory of all the

methods of treating aneurysm. In the first place it can only be

carried out by means which involve more or less injury to the

sac ; if any clot is formed it may be caiTied away as an embolus and
do harm, or the coagulating agent may itself escape into the artery.

For these reasons it is most safely employed where the aneurysm can

be completely controlled by compression of the artery above and
below, and this is just the condition which renders the aneurysm
suitable for treatment by compression, ligature, or excision. As
a curative agent, therefore, this method has a very limited value.

In cases of internal aneurysm, for which other surgical measures

are unavailing, it may be cautiously used with the object of pro-

ducing a certain amount of clot in the sac, and thereby to strengthen

it and prevent its enlargement ; in cases of aortic aneurysm, acupunc-

ture and galvano-puncture have sometimes succeeded in accomplish-

ing this amount of good.

5. Amputation.—Amputation is sometimes necessary for various

reasons and to accomplish different purposes. Thus, in the first place,

it is to be employed to remove a disease which threatens life, and which
cannot be satisfactorily treated in any other way. Before the time of

Hunter, amputation was often employed for popliteal or femoral

aneurysm, being preferred to the risks attending the disease or any
other then known treatment. Now, amputation is rarely necessary

for this purpose ; it may be needed in cases of inflamed and sup-

purating or sloughing aneurysms.

It is required, in the second place, in certain accidents attending

the treatment of aneurysm—gangrene and secondary haemorrhage.

Thirdly, in very rare cases, amputation of the limb below an

aneurysm may be employed to cure the aneurysm ; for example,

amputation through the shoulder has been performed for aneurysm
of the subclavian artery. The cure is effected partly by the spread-

ing of clot in the artery from the stump to the aneurysm, and in

great part by the lessened tension in the artery caused by the

reduction in the stream of blood passing through it.

The Choice Of treatment.—Having reviewed the various

methods that may be employed, it remains now to consider the
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principles that should guide the surgeon in choosing the course to

follow.

(1) In external aneurysm, rest with elevation of th.3 part

and moderate pressure with a bandage should first be tried. If not
quickly successful, the most suitable form of compression for the

particular case should be given a careful trial ; if success is not
attained, the attempt should not be prolonged, but proximal ligature

should be performed. The line of conduct to be pursued, when liga-

ture fails or is attended with accident, has already been stated

(page 621).

This may be taken as the general routine plan to be followed,

which may have to be modified under certain special conditions,

some of which are stated below in the compai'ison between com-
pression and ligature, and others are as follow :

—

(a) If the aneurysm is rapidly enlarging, or if blood is leaking

from the sac into the tissues, as shown by enlargement of the tumour
with diminution of the pulsation in it, the proximal ligature should

be practised without any delay.

(b) If the sac of the aneurysm has given way, but the blood is

not widely extravasated, being still bound in by a spurious sac, the

patient should be subjected to operation at once. The vessels having
been emptied, and controlled by Esmai-ch's bandage and tourniquet,

an attempt may be made to excise the aneurysm, turning out all

extravasated blood, and, of course, ligaturing every divided artery.

Failing this, amputation must be performed above the aneurysm.

(c) In cases of subcutaneous rupture of the aneurysm immediate
amputation above the aneurysm is the only possible resource.

(c?) Where inflammation around the sac has occurred, the artery

should be at once tied on the proximal side. This relieves the

tension, and lessens the blood supply to the inflamed part. If this

does not check the inflammation, a free incision should be made
down to the outer surface of the sac to set free the inflammatory and
infective products. The patient must then be watched continuously,

and at the first sign of haemorrhage the artery controlled by a tour-

niquet. An attempt should then be made to excise the sac. If this

fails, the limb must be amputated above the tumour.

(e) Where suppuration has already occurred, the pus must be
liberated at once by a free incision and thorough antiseptic irriga-

tion of the inflamed tissues practised. The patient must be watched,

and hsemorrhage dealt with as in the last case.

(/) In varicose aneurysm the arteries and veins communicating
with the sac must all be tied close to the sac.

(#) In aneurysm close to the trunk, where the proximal ligature

cannot be employed, the choice lies between distal ligature, excision

of the sac, and amputation, and they should be chosen in that order.

The complete distal ligature should be preferred to the partial. It

should be performed as near the disease as is compatible with the

integrity of the sac, and if it fail, excision may be practised if thg

other circumstances are very favourable. Galvano-puncture or,
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better, Macewen's acupuncture may be employed in such a case, and
as a last resource there is amputation.

(2) In internal aneurysm.—Careful constitutional treatment
should be given a patient trial, and if the growth of the aneurysm is

arrested, the surgeon should be content ; but if the disease advances,

two courses are open

—

(a) the distal ligature, and (b) the introduc-

tion of coagulating agents. Coagulants can only be used when the

aneurysm is near the surface. They could not be employed, for

instance, in an aneurysm of the aorta which did not extend beyond
the thorax. In many of these cases the distal ligature seems to act

empirically. If compression of an artery beyond the sac markedly
lessens the pulsation in the aneurysm, undoubtedly the surgeon
should tie that artery • or if, by the distal ligature, the circulation

through the aneurysmal artery is of necessity greatly modified, the

operation is indicated. As a rule, if coagulants are used in these

cases, improvement rather than cure is to be anticipated.

In aneurysms in any situation the value of opium in relieving

pain, and of venesection in lessening excessive arterial. tension, must
not be lost sight of.

On the choice of compression or ligature.—Much stress

was formerly laid on a correct appreciation of the relative merits of

compression and ligature in the treatment of aneurysm ; but the in-

troduction of aseptic surgery and absorbable ligatures has narrowed
the grounds of choice to a very limited field, and thereby deprived

this subject of much of its importance. Compression and the proximal
ligature lead to the cure of the aneurysm by the same means—the

sudden and complete, or the partial and repeated, coagulation of the

blood in the sac and artery. Both alike may be rendered free from
the risk of wound infection, and of secondary haemorrhage.

It may be claimed for compression that it can, as a rule, be carried

out without the use of an anaesthetic, and without a dreaded " opera-

tion "
; that it is, by its very nature, free from the risks of wound

infection and secondary haemorrhage ; and that this freedom does not

depend, as in the case of ligature, upon certain precautions taken by
fallible men. It can be applied so as to partially occlude the main
artery, and thus to cause less embarrassment to the general and the

local circulation than the complete occlusion by a ligature may do. It

also does not cause any permanent obliteration in the artery ; and if

the aneurysm is cured, and its artery blocked, the local blood supply

is only, impeded by one instead of two blocks in the main arterial

channel. On the other hand, it may be urged against compression

that it is troublesome to manage ; tedious, if not very painful, to the

patient ; and on the whole, less constantly successful than the

ligature. The ligature, as now employed, is the most successful of

all methods of treatment for aneurysm, and by the use of anaesthetics

it is attended with a minimum of suffering and inconvenience. In
certain positions compression of an artery is impossible, or is attended

with great difficulty and danger

—

e.g. in the abdomen and the root

of the neck.
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Compression and ligature on the distal side of an aneurysm are

attended with the same amount of risk, and the ligature has the

greater chance of leading to cure, as the clot formed about the

ligature may extend into the aneurysm.
The comclussoais we draw from these considerations are as

follow :

—

(a) Where there is reason to fear that the sudden obliteration of

a large artery may embarrass the heart too much, cause the rupture

or enlargement of an internal aneurysm, or produce gangrene of a

limb, moderated compression is to be preferred.

(6) Where the artery affected is known to be seriously diseased,

compression is to be chosen.

(c) Where, in other cases, the patient is of an irritable or sensitive

nature, and intolerant of restraint, or where the aneurysm is acute, of

large size, rapidly-growing, and full of fluid blood, and it is therefore

necessary to obtain a marked effect and a rapid result, the ligature

is to be recommended.
(d) Distal ligature is always to be preferred to distal com-

pression.

(e) Where compression of any particular artery is attended with

special difficulty or danger, its ligature is to be preferred

(f) In the absence of any of these special conditions, compression

should first be tried, the effect being as closely as possible approxi-

mated to that of ligature. If it is not quickly successful, ligature

should be practised.

Obi the choice of the site of the ligature.—In all cases

where it can be safely employed the proximal ligature is to be pre-

ferred to the distal, because it more certainly arrests the circulation

through the sac, and takes off " the force of the circulation," or

diminishes the tension in the aneurysm.
The proximal ligature may be applied close to the sac, or at some

distance above it. The practice of Hunter, Scarpa, and the other

great surgeons of the past century has been to choose a part of the

artery well above the aneurysm, and, as a rule, to have a branch or

branches intervening between the two. A procedure sanctioned by
such authorities cannot be lightly set aside, but the following reasons

may be urged in favour of ligature nearer the sac :

—

(a) It is now known that it is neither necessary nor desirable for

cure of the aneurysm that a stream of blood should enter the artery

below the ligature, and flow gently past the sac.

(6) It is now known that the artery is not progressively more
healthy above the aneurysm. It is as likely to be found healthy near

to as far above the sac.

(c) Even if the artery is not quite sound where the surgeon

exposes it, he can now apply a ligature in such a way as not to in-

volve any evil consequences from the arterial disease.

(d) As a rule, the ligature at some distance above the aneurysm
results in the formation of two permanent blocks in the main artery,

with a patent portion between, and the nutrition of the limb
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depends upon the establishment of a double series of anastomosing
channels.

(e) The stream of blood pouring into the artery between the
ligature and the sac may prevent cure of the aneurysm.

These reasons have led surgeons lately to ligature the popliteal

artery for popliteal aneurysm, and the results have been extremely
good. In fact, the best site for the application of a proximal ligature

is as near to the aneurysm as it can be applied without risk of damage
to the sac. The greater ease and convenience with which arteries

can be exposed at some situations than others, of course, must
influence the choice of operation.

The distal ligature should by choice be placed close beyond the

aneurysm, that there may be the greater chance of clotting spreading

back into the sac, and also because in that situation it most power-
fully affects the circulation in the aneurysm. Where a choice of

arteries beyond the aneurysm presents itself, if all are not tied, those

should be selected whose compression produces the most marked
effect upon the particular aneurysm in question.

3. Dissecting Aneurysm.

This form of aneurysm is more frequent in women than in

men, and in cachectic than in robust persons. It occurs most
often in the aorta, and may extend down the iliacs and as far

down as the femoral artery, or up into the neck as far as the

bifurcation of the common carotid trunk. After extending a certain

distance in the wall of the. artery, the blood may burst through a

softened patch of intima into the lumen of the vessel again, or it

may burst externally through the outer coats and become "diffused";

on the other hand, the passage of the blood may be arrested, and the

aneurysm exist only as a blind pouch or diverticulum in the coats of

the artery ; by projecting inwards it may then greatly narrow the

artery and obstruct the passage of blood through it.

Dissecting aneurysm is very rarely diagnosed during life. At the

moment of its formation a sudden severe pain shooting along

the course of the artery is experienced, and then there is noticed

enfeeblement of the pulse in the arteries beyond, and there may be

syncope. There is no known treatment for this condition.

II. TRAUMATIC ANEURYSM.

Definition.—A traumatic aneurysm is a "blood tumour com-

municating with an artery, produced by an injury dividing all the

coats of the artery." The large share that strain and other injuries

take in the production of spontaneous or idiopathic aneurysm makes
it important to lay stress upon the latter clause of this definition,

and it is by bearing this in mind that the aetiology of traumatic

aneurysm becomes at once clear.

Causes. (1) A subcutaneous wound or rupture of an artery.—
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Such a wound may be produced in fractures by a fragment of bone
tearing the artery ; the ruptures are caused by contusions, strains.

and sometimes in dislocations, either by the displacement of the

bone or by the surgeon's efforts in reducing it.

(2) An oblique or valvular wound involving an artery.—These
are most often stab-wounds, or wounds with broken glass. The
wound may be so oblique that the blood from the first collects

around the artery instead of all escaping externally. But more
often the dressing that is put on seals up the outer wound or closes

the track from the wounded vessel outwards, without occluding the

vessel, and the blood which escapes from it accumulates around
the artery.

(3) Punctured and other incomplete wounds of arteries.—We
have seen (page 500) that a wound of an artery is only soundly and
securely healed when the lumen of the vessel is obliterated ; if the

current through the artery continues, it either prevents the formation

of clot, or displaces any clot that has sealed the wound, or prevents

its organisation into a firm unyielding cicatrix. We have seen that

the primary haemorrhage from such an injury may be arrested

spontaneously or by surgical means, and yet unless permanent
occlusion of the artery is obtained, its healing does not take place,

and an aneurysm forms. In an incomplete division of an artery this

obliteration can only be certainly obtained by completing the division

or by double ligature. Hence it is that the nature of the injury of

the artery is a cause, in this instance, of traumatic aneurysm.

(4) An artificial valvular wound of an artery due to the im-

proper application of pressure.—Many cases of deep wounds of

arteries can be so treated as to lead to the formation of an aneurysm.

Whenever healing of the overlying soft structures occurs without
cicatrisation of a divided artery, this result must follow. So, even
in a case of complete division of a vessel, if the soft parts are

approximated, and such a dressing applied that they heal up under
it, while the pressure is only sufficient to limit but not to arrest the

flow of blood from the artery beneath, when the external wound
heals an aneurysm is found beneath the scar. The reader is referred

to what we have already said on this point in speaking of the treat-

ment of wounded arteries by pressure (page 514).

Varieties.—The varieties of traumatic aneurysm—including the

arterio-venous, which we deal with separately—depend entirely upon
the freedom with which the blood escapes from the wounded artery.

If the internal haemorrhage is rapid and profuse, and the blood finds

its way along the planes of cellular tissue unhindered by firm clot

or tense resistant fascise, forming a huge extravasation, the condition

is better spoken of as a ruptured artery; such a condition is only

met with in subcutaneous rupture of an artery. More commonly
the blood, as it escapes from the artery and infiltrates the soft

tissues, forms a cavity round the artery, which is imperfectly limited

by clotted blood—which becomes firm and fibrinous or " laminated
"

by the pressure to which it is subjected—and by the tension of the
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stretched and displaced fasciae and muscles. Such a condition is known
as a diffused traumatic anetirysm. In many other cases the escape

of blood is smaller', slower, and later after the primary injury.

Around the clots that form a spurious sac is developed by the

inflammation excited by the extravasated blood, and by the plastic

processes of the healing of the primary wound. This sac grows and
yields under the pressure of the blood, and sometimes it bursts, and
the condition comes to resemble that just described, or even that of a

ruptured artery. The flrmness of the sac, and the amount of clot

which forms within it, to strengthen it and lessen the pressure upon
it, are very important elements in determining the progress of the

case. When healing of the wound has advanced considerably before

the external pressure is relaxed, so as to allow the blood to escape

from the wounded artery, a firmer sac forms around the clot than
when the aneurysm begins to form earlier. The presence of tense

and strong fasciae near the artery also affects the strength of the sac

formed. These aneurysms, which are limited by a distinct sac, are

called circumscribed traumatic aneurysms. In no case of traumatic

aneurysm does the arterial wall take any part in forming the sac.

Course and terminations.—A circumscribed traumatic
aneurysm, if the sac is firm and strong, may undergo spontaneous

cure in the same manner as a spontaneous aneurysm. But owing to the

imperfect formation of the sac, there is a great danger of the

aneurysm enlarging, and of the sac yielding, either to form a diffused

aneurysm, or so freely as to lead to that widespread extravasation,

best called a ruptured artery.

A diffused traumatic aneurysm, owing to the absence of

any resistant sac, tends to grow rapidly, and it ends in one of three

ways : (1) It may reach the surface and burst externally, causing

severe haemorrhage, which may be fatal at once, or after repeated

recurrences. (2) It may become widely diffused in the part, the

effusion of blood not being limited even by clot

—

ruptured artery.

(3) Acute suppurative inflammation may be set up round the

collection of blood, and when the abscess bursts, blood-clot and pus

in great quantity are discharged, and then profuse haemorrhage

occurs, unless, by a rare chance, the artery has been sealed by
plastic arteritis.

A ruptured artery.—The extravasa,ted blood, unlimited in any

way, either ruptures externally, or the tension in the part is sc

great that the venous circulation is entirely arrested, and moist

gangrene of the part beyond results. Fatal syncope may occur from

the subcutaneous haemorrhage.

Symptoms.-—A circumscribed traumatic aneurysm has

all the local characters of a spontaneous sacculated aneurysm ; there

is in addition a history of a recent injury, and a scar or unhealed

wound points to the nature of the case.

A diffused traumatic aneurysm varies somewhat in its

characters, according to the rapidity of its formation and growth, and

the amount of clot around the fluid blood. In all cases it is a rapidly-
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formed and a rapidly-growing swelling ; its outline is ill-defined ; its

consistence varies with the tension of the parts, and particularly

with the proportion of clot ; usually it is tense and firm ; the

skin over it becomes stretched and blue, or stained with extravasated

blood. There may be a distinct expansile pulsation in the swelling,

but more often the pulsation is very indistinct, or even only a slight

vibratory tremor. A bruit is generally to be detected at some part,

at any rate, of the swelling, and occasionally there is a thrill. The
pulse in the arteries beyond may be lost altogether, or only weaker

than on the opposite side. If the main arteiy of the limb is the one

injured, and if the injury divides it nearly or wholly across, the

pulse in the vessels below is lost ; but if the aneurysm is formed

in connection with a branch of the main artery, or from a small

wound of the main artery, the pulse beyond is not lost, only

weakened, unless the pressure of the aneurysm is sufficient to

arrest the arterial circulation altogether. The pressure on the veins

causes lividity and coldness of the limb, and oedema, and this and

the pressure on the nerves of the part cause a sense of weight and

numbness. There is generally intense local pain, and this is some-

times markedly relieved by compressing the main artery above the

swelling. The lividity, oedema, and numbness may pass into moist

gangrene.

The greater the want of defined outline to the tumour, the

more rapidly it grows, and the more marked the effect upon the

circulation in the limb below, the greater the warrant for regarding

this case as one of ruptured artery rather than of diffused

aneurysm.

The parts around the aneurysm may become inflamed, the skin

being bright red and hot, and the superficial tissue cedematous, or an

abscess may give rise to a (i pointing " fluctuating swelling.

The diagnosis is usually made by recognising the rapid appear-

ance of such a swelling soon after an injury or wound near a large

artery, or the sudden enlargement of a smaller firm pulsating

swelling under a cicatrix—the diffusion of a circumscribed trau-

matic aneurysm. But considerable difficulty may be found in

distinguishing this form of aneurysm from an acute abscess, and the

difficulty becomes increased by the fact that the two conditions may
be associated together. The diagnosis will be arrived at by paying

careful attention to these points : (1) the exact details of the history

of the case, noticing the precise order of events and their relation to

the injury
; (2) the signs of the swelling communicating with an

artery—the pulsation, bruit, thrill ; and (3) the interference with

the circulation beyond, especially the loss of pulse, but also the

oedema and numbness, for the more marked these are the less the

probability of the swelling being entirely inflammatory, and the

greater the probability that it is aneurysmal.

The circumscribed aneurysms are chiefly met with in the hand
and foot, and the scalp ; the diffused in the ham and axilla.

Treatment.— (1) A circumscribed traumatic aneurysm may
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undergo cure by the simple treatment of rest, combined with eleva-

tion of the limb and gentle compression of the part by a bandage.
Where these measures fail the same treatment may be pursued as in

the case of spontaneous aneurysm in the same situation. Thus,
compression of the artery leading to the tumour may be tried, and if

this fails the proximal ligature or the excision of the tumour, with
the ligature of the artery above and below, is to be resorted to.

When these tumours are small and easily accessible, their excision is

the better course to pursue ; if deeply placed, and this operation pre-

sents any special difficulty, the Hunterian ligature is to be preferred.

Traumatic aneurysm complicating fracture is generally cured by
the compression of the splints and bandages applied for the broken
bone ; if not, the main artery above should be compressed or tied.

In these cases the union of the fracture is generally delayed.

(2) Diffused traumatic aneurysm.—Where the tumour is en-

larging or gangrene threatens, the artery must be tied where
wounded without any delay ; the internal haemorrhage being treated

exactly as if it were primary external bleeding. This operation may
be one of extreme difficulty and danger from haemorrhage. If the

circulation can be controlled by a tourniquet or pressure above, this

should be done, and a free incision rapidly made into the swelling,

and the blood and coagula quickly turned out. The wounded artery

is sought, cleaned, and a ligature is carefully applied above and
below the wound. Difficulty is especially met with where the main
artery cannot be thus controlled ; and if a free incision were made
into the tumour the patient would probably die at once from the

hsemoirhage that would occur. To prevent this, an incision about
one inch and a half is made, and into this two fingers of the left

hand are passed and feel for the open mouth of the ai'tery ; this is

firmly pressed against a bone to prevent any further escape of blood.

A probe-pointed bistoury is now passed along the fingers and the

wound enlarged sufficiently to lay the entire tumour open. The ends

of the artery are then cleaned and tied. Easy as this operation is to

describe, in practice it may be attended with the extremest difficulty.

If the tumour is stationary, or extending but slowly, and there

are no signs of threatened gangrene, the surgeon may wait in the

hope that a sac will form around the clot and then the Hunterian
ligature may be applied.

If moist gangrene occurs, amputation at the level of the wounded
artery is the only available resource.

Wherever there is a limiting sac, proximal compression and
ligature may succeed, but in all other circumstances the double

ligature of the artery above and below the wound is the only

appropriate treatment.

III. ARTERIOVENOUS ANEURYSM.

Definition.—An abnormal communication between an artery and
a vein constitutes, an arterio-venous aneurysm. When the two vessels
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are adherent together, and the blood passes directly from the artery

into the vein, the forcible impact of the blood distends the vein, and the

pulsation in this varix makes it resemble an aneurysm, and so it is

called an aneurysmal varix. But if an aneurysmal sac is developed

between the two vessels, opening on the one side into the artery, and

on the other into the vein, the condition is known as a varicose

aneurysm. This difference is a very important one, and is well

n expressed by these

names, the one

condition being in

essence a varix

with only a re-

semblance to an
aneurysm, while

the other is, in all

important particu-

lars, a sacculated

aneurysm with all

the dangers and
therapeutic indi-

cations of aneu-

rysm, to which a

peculiar kind and
degree of varix is

superadded.

While most
often traumatic in

A origin, arterio-

venous aneurysm
is sometimes idio-

pathic, and there-

fore it is dealt

with in a separate

section of this

article.

Aneurysmal varix. Causes.—A direct communication be-

tween an artery and a vein is nearly always traumatic in origin;

very occasionally it is idiopathic or congenital. The common cause

is a simultaneous punctured wound of an artery and vein, as in

careless phlebotomy, stabs, or gunshot wounds. The edges of the ad-

jacent wounds in the vessels adhere, and then when the pressure with

which these injuries are treated is removed, the blood passes freely

from the artery into the vein. In a stab it may happen that there

is a single wound in each vessel from the knife passing, as it were,

between them ; more commonly, however, it is a lancet which
transfixes the vein and punctures the artery beneath it, the super-

ficial vein-wound heals, and the deep one adheres to that in the

artery. A remarkable case is on record in which the median-basilic

vein one of the humeral veins, and the brachial artery were

:*mm^ u
c

Fig. 182.—Mr. Pemberton's case of Aneurysmal Varix ot the
Common Femoral Vein. (From Med. Clin. Soc. Trans.)

I. The Varix seen from the outside. II. The Varix laid open,
showing the rounded opening into the artery.

A, Common femoral artery ; B, common femoral vein ; c, the varix
laid open ; D, the communication between artery and vein.
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simultaneously wounded ; the result was that a communication
formed between the artery and its companion vein, and another
between the two wounded veins, so that blood passed from the
artery first into the humeral vein, and then on into the median-
basilic vein.

In the days when bleeding was very commonly practised, this

condition was much more frequent than it is now. A remarkable
instance of the idiopathic origin of aneurysmal varix has been
recorded by Pemberton, in which a communication formed between
the common femoral artery and vein some time after prolonged
compression of the artery for aneurysm (Fig. 182).

Aneurysmal varix, whilst most common at the elbow, has been
met with in the skull, the neck, the axilla, the abdomen, and the

thigh. A few years ago a patient with aneurysmal varix in Hunter's
canal, resulting from a stab wound in the thigh, was in Middlesex
Hospital under Mr. Lawson.

Pathological changes.—Whatever the original shape of the

aperture between the two vessels, it soon becomes rounded, smooth,

and thickened. The artery for some distance above is dilated and
its walls are thinned ; below the communication it is sometimes
narrowed, sometimes dilated ; the dilatation is said not to affect the

branches of the artery in any case. The vein opposite the communi-
cation is dilated into a globular or fusiform pouch with thickened

walls. The venous dilatation—varix—extends along the vein in

both directions and into its branches ; below the communication the

enlarged veins are tortuous and pouched, but above it they are

simply enlarged. The interior of the vein may show atheromatous
changes.

The pressure in the artery being much greater than in the vein,

arterial blood is forced per saltum into the vein and this causes

three effects : (1) The vein opposite the aperture becomes dilated

and thickened
; (2) the increased quantity of blood returned to the

heart from the vein causes the enlargement of the vein on the

cardiac side
; (3) the return of blood entering the vein below the

aperture is obstructed by the forcible flow passing from the artery,

and this leads to the dilatation of the veins below the communica-
tion. ,

Signs and diagnosis.—The varix forms a soft, compressible,

often ill-defined tumour in the course of a vein, into which dilated

veins can be traced, both from above and below. This varix is the

seat of a forcible expansile pulsation, a continuous very marked vibra-

tory thrill, and a very loud bruit. The bruit is a continuous rasping,

purring, hissing, or rushing sound, sometimes compared to the noise

of distant machinery in motion, or to the sound of a fly in a paper

box. It is usually of great intensity and may be audible even to

the patient and to bystanders. The pulsation, bruit, and thrill are

all conducted for some distance along the distended veins, but with

gradually diminishing intensity, and the bruit and thrill lose their

continuous character at a little distance from the abnormal commu-
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nication, and become interrupted, and synchronous with the pulse.

Tf the limb be raised the tumour shrinks, and the pulsation becomes

less marked ; if the artery leading to it is compressed, the tumour
not only loses its pulsation, but shrinks and disappears. When the

limb is depressed the tumour becomes very full, and the pulsation in

it is more marked. The dilated condition of the artery above the

varix is sometimes quite apparent. The condition of the limb below

varies in different cases, probably with the freedom of the communi-

cation Avith the artery, and the extent to which the circulation is

interfered with. It may be cold and cedematous, with a feeble

pulse, or it may be hotter and hypertrophied ; obstinate ulcers with

a tendency to bleed sometimes occur. The patient may suffer acute

pain in the tumour, or experience only a sense of numbness
and weakness in the

limb below. It is

often noticed that

the symptoms in-

crease up to a certain

point, and then re-

main stationary. A
scar over the swelling

generally points to

the nature of the case.

Treatmesst.—In
many cases all that

is required is to apply

some form of external

support to the part

—

a bandage or an
elastic stocking—for the condition remains stationary and causes

very trifling inconvenience. If the varix steadily increases, or the

patient suffers serious inconvenience from the pain or the effects of

the disturbance in the circulation, the artery should be ligatured

above and below its communication with the vein.

In a case of aneurysmal varix in Hunter's canal Mr. Lawson tied

the artery above and below the communication with the vein, and the

»patient made a rapid and complete recovery. In the days when this

affection was more common such an operation was fraught with

clangers from which it can now be guarded, and therefore it was
rarely resorted to. Now that the dangers can be avoided the

operation is more readily and more often recommended.

Varicose aneurysm. Causes.—The most frequent cause of

an aneurysm with a communication with a vein (Fig. 183) is the simul-

taneous injury of an artery and vein—usually a stab, puncture, gun-

shot, or phlebotomy wound. In place of the wounds in the two
vessels being sealed up, or cohering together, a circumscribed trau-

matic aneurysm develops between them, which communicates with

both. An aneurysmal varix may slowly develop into a varicose

aneurysm if the tissue uniting the two vessels yields. But such an

Fig. 183.—Varicose Aneurysm at Elbow. (After Erichsen.

)

a, Ulnar artery ; b, aneurysm partly filled with clot ; c, dilatation
of median basilic vein.
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aneurysm may develop spontaneously by an ordinary idiopathic
aneurysm first compressing and then opening into a neighbouring
vein. This has been known to occur in the thorax, abdomen, and
groin. (See Fig. 184.)

PatE*ology.—The only difference between this condition and a
circumscribed traumatic aneurysm arises from the fact that the sac

has an additional opening or openings into it from a vein or veins.

The relative position of the arterial and venous openings into the
sac varies much. A case is recorded in which two veins communi-
cated with the sac of an aneurysm, so that on laying it open four
venous openings were detected. A still more interesting case is one
in which the deep wound in a transfixed vein cohered with that in
an artery ; but the superficial wound in the vein did not heal up,

and the blood escaping from it formed an aneurysmal tumour. The
blood flowed from the artery into the vein, and then on into the sac

of the aneurysm.
The veins of the part undergo the same changes as are seen in

aneurysmal varix. Traumatic varicose aneurysms are usually of small

size, and their sacs may contain very little, if any, fibrin, owing to the
direct passage of blood through them. The sac may steadily enlarge

and rupture externally or subcutaneously. Spontaneous cure is very
rare. Occasionally clot forms in the aneurysm, so as to shut off the

communication with the vein, and the case is reduced then to one of

simple traumatic aneurysm. In internal aneurysms—as of the aorta

—the communication with a vein or the pulmonary artery may
greatly add to the gravity of the case ; but in external aneurysm the

communication with a vein gives rise to very characteristic symptoms,
but does not influence the course of the disease to any important
extent.

Signs and diagnosis.—The signs of the communication be-

tween artery and vein are the same as in aneurysmal varix—distension

and pulsation of the veins, with a very intense bruit and thrill con-

ducted for some distance along the dilated veins. In addition, there

are the signs of an aneurysm. Thus it is sometimes possible to dis-

tinguish two tumours, or two parts of one tumour—one, the dilated

vein, soft and compressible, and the other, the aneurysm, firmer.

The diagnosis is rendered clearer if, when the artery above is

compressed, the dilated vein collapses, leaving the aneurysm plainly

felt as a firm tumour. In addition to the continuous loud bruit, a
soft-blowing systolic aneurysmal bruit can sometimes be distin-

guished ; and it may be discovered, on careful examination, that

pressure on a certain spot stops the loud rasping bruit and the thrill,

without arresting the pulsation in the aneurysm or the true aneu-

rysmal bruit. All these special signs point to the existence of an

aneurysm, in addition to the arterio-venous communication. In
other cases the existence of an aneurysm is known, and the fact that

it has formed a communication with a vein is shown by the marked
vemms dilatation, not merely below the tumour—which might be
caused by pressure only—but over and above it, by the very marked
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thrill and pulsation in the veins, and by the peculiar character and
intensity of the bruit that is developed.

Treatment.—Varicose aneurysm should, whenever possible, be

submitted to active treatment for the cure of the aneurysm. To
leave it alone, or to be content with merely protecting the part by a

supporting bandage, is to expose the patient to all the dangers of an
untreated aneurysm. The most successful form of compression has

been digital pressure of the artery on the proximal side, combined
with local pressure over the communication between the aneurysm
and the vein. Wherever it can be carried out, this plan should be

tried. If it fails, or if the case is urgent from rapid extension of the

aneurysm, the sac should be excised and all the vessels communi-
cating with it carefully tied. To do this, the limb should be rendered

bloodless by Esmarch's bandage and a tourniquet. The dilated vein

is first exposed and a double ligature placed upon it. The sac of the

aneurysm is then carefully cleared and traced down to the artery

with which it communicates ; a double ligature is placed on this

vessel and the sac removed. The Hunterian operation has succeeded

in these cases, but the "old " operation is to be preferred wherever it

can be carried out satisfactorily.

ANEURYSMS OF PARTICULAR ARTERIES.

Having considered the pathological and clinical features of aneu-

rysms in general, without regard to locality, we must now study them
from a local point of view, and try to notice the special features of

aneurysms as they occur in connection with particular arteries.

Aneurysm of the thoracic aorta.—The aorta is the most
frequent seat of aneurysm, and the disease is met with in every part

of the vessel, but most often in the arch, particularly on the right

side of the ascending portion, and least often in the abdominal aorta.

All the forms of spontaneous aneurysm are met with in the aorta.

Fusiform aneurysm is very common, and the enlarged artery may
reach a great size. Sacculated aneurysm occurs without any dilata-

tion of the entire circumference of the artery, but more often as a

pouch or sac projecting from a fusiform aneurysm ; and it is these

cases that attain the greatest size, and also, as a rule, give rise to the

most marked, symptoms. A sacculated aneurysm close above the

valves is a very dangerous form, owing to its great liability to

rupture into the pericardium or heart. Dissecting aneurysm ocelli's

more often in the aorta than elsewhere, but is so rare as to be a

pathological curiosity.

The signs of aortic aneurysm vaiw considerably, for the

tumour may involve any part of the vessel, and grow in any direc-

tion, and the symptoms and whole course of the disease largely

depend upon this factor. The whole artery is so deeply placed that an

aneurysm of it may form no obvious tumour, and although the vessel

is in relation with many most important parts, it may be so placed as

to avoid injurious pressure on any of them. It therefore happens
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that an aortic aneurysm may be present without giving rise to any
symptoms by which a diagnosis can be arrived at, and may even run
its course to fatal rupture without its presence having been suspected.

The tumour reveals its presence by its pressure effects in the
chest, by an abnormal area of dulness to percussion, and by localised

swelling. The swelling is found most often on the right side of the
sternum, at first displacing forwards the structures of the chest wall,

but often absorbing the bone, and forming a tumour superficial to

the sternum. In connection with the transverse part of the arch the

tumour may rise up into the neck at the suprasternal notch. Aneu-
rysm of the descending aorta projects—if at all—posteriorly in

the thoracic region, on the left of the spine. Pulsation may be
felt over an aneurysm in the chest before any bulging of the wall

has occurred, and is a very important sign. Bruits of various

kinds are heard over aortic aneurysms. They may be systolic,

diastolic, or both, soft or harsh, blowing, musical or rasping, and
there may be an entire absence of all bruit. In some cases the
heart-sounds are heard with marked intensity all over the aneu-

rysm ; and in the absence of the more definite signs, this may be an
important sign of aneurysmal dilatation of the first part of the arch.

In aneurysms of the descending aorta the bruits are heard at the
back, especially on the left side of the spine. In some cases a marked
thrill is present in the tumour. The pulse may afford valuable indi-

cations, or none at all. It may be lost in certain arteries—as either

carotid or subclavian—from the aneurysm compressing the origin of

these vessels. In other cases there is a marked difference in the
fulness and force of the pulse in the arteries on the proximal and
distal side of the aneurysm, and the sphygmograph may make this

effect very plain.

The pressure effects of aortic aneurysm vary with the position,

size, and rapidity of growth of the tumour. The most constant is

fain, which may be of at least three kinds : a sense of weight or

constriction, or a dull aching pain at the seat of the aneurysm ; a
deep boring or burning pain when the aneurysm is pressing upon
bone and causing its absorption ; and intercostal neuralgia, a lanc-

inating pain referred to the area of distribution of compressed spinal

nerves. Displacement of the heart is a very common effect of a

thoracic aneurysm : usually the heart is pushed downwards, and to the

left ; but an aneurysm of the descending aorta may push it forwards.

Pressure on the pulmonary artery may lead to serious dyspnoea and
cyanosis from imperfect aeration of the blood, and to dropsy and
the other results of obstruction to the emptying of the right heart.

Pressure on the great systemic veins—the vena cava or either innomi-

nate vein—causes cyanosis, venous distension and oedema of the

areas drained by them. Pressure on the pulmonary veins causes

general cyanosis, dyspnoea and the signs of pulmonary congestion.

The trachea, either bronchus or the lung, may be compressed and
cause grave dyspnoea and interference with the function of one
or both lungs. Pressure on the oesophagus causes dysphagia, more
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or less complete, and compression of the thoracic duct leads to

rapid emaciation and chylous ascites. Pressure upon the left inferior

laryngeal nerve as it courses round the aorta quickly causes abductor

paralysis, the vocal cord is drawn into the position of phonation by

the unopposed adductors and the voice is unaffected. With increased

pressure the adductor muscles are paralysed, the cord is motionless

in the cadaveric position, and the voice is hoarse. Pressure on the

vagus nerve may cause reflex

spasm of the opposite vocal

cord, grave disturbance of the

heart's action, or even its ar-

rest in diastole, and dyspnoea.

Pressure upon the phrenic

nerve paralysesthe diaphragm
on the same side. An an-

eurysm eroding the spine and
compressing the spinalcord or

c «erwscauses paranesthesia,
and paralysis. In the case of

aneurysm of the transverse part

of the arch, if the patient throws

his head back and the surgeon

seizes his larynx and gently draws
it up, he will be conscious of a

sensation of pulling downwards
of the trachea with each beat of

the heart. This has been called

the tracheal tug : it indicates that

the body pressing upon the

trachea in the chest is moved
with each beat of the heart.

Course and terminations.
—Aortic aneurysm may run a

rapid course and be quickly

fatal, or its course may be slow

and insidious and extend over

years. The progress depends first

upon the nature of the aneurysm
—sacculated being much more
rapid and dangerous than fusi-

form ; then upon its position and direction of growth—aneurysms
within the pericardium and those on the concavity of the arch are

the most serious ; upon the size and disposition of the mouth of the

aneurysm, the force of the heart, and upon the habits, occupation,

and temperament of the patient. Patients have been known to live

for some years with aneurysms projecting through their chest Avails.

An aortic aneurysm never becomes truly cured : but great and
lasting improvement may take place either spontaneously or as the

result of treatment, from the deoosit of clot within the sac and

-Aneurysm of the Arch of the
Aorta communicating with the Pulmo-
nary Artery. (From a specimen, in the
Brompton Hospital Museum.)

A, Aneurysm ; B, pulmonary artery laid open

;

C, communication between aneurysm and
pulmonary artery.
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its partial organisation ; but as the artery from which the aneurysm
springs does not become obliterated, such an aneurysm, however
solid, is not really cured, and subsequent growth may and often

does occur. Aortic aneurysm causes death in many ways. The
sac may rupture into the pericardium, heart, pleura, mediastinum,

trachea, bronchus, oesophagus, spinal canal, or externally. Fatal

syncope may occur from obstruction to a coronary artery, or

from the weight of blood above the aortic valves. Death may be

due to interference with the circulation by pressure upon or com-
munication with the pulmonary artery (Fig. 184), or pressure on
the pulmonary or systemic veins ; or to the respiratory difficulty

caused by pressure on the trachea, bronchus or lung, laryngeal

paralysis, bronchitis, and pneumonia. Cerebral embolism is yet

another cause of death. In many cases aortic aneurysm is com-
plicated with valvular disease of the heart, and this is another factor

in the fatal termination of such cases. Great dilatation of the

ascending portion of the aortic arch often leads to incompetence

of the aortic valve.

Treatment.—The treatment of aortic aneurysm is palliative

only : it cannot, so far as our knowledge goes at present, be curative
;

but yet it may be so far successful that the patients may be able to

resume active work for a few years. The constitutional treatment
for aneurysm described on page 609 should be carried out with the

utmost care and attention to detail. Absolute rest should be en-

joined, the heart's action, if excited, should be calmed, and a care-

fully-regulated diet prescribed. Large doses of iodide of potassium
may be useful and, in cases of syphilis, should always be given.

Under this treatment, continued for some time and then most
cautiously relaxed, great improvement may be obtained ; but as

the aneurysm in every case still exists, such patients should care-

fully avoid effort, strain, excitement, and all conditions tending to

raise the arterial tension.

Of surgical measures, electrolysis and acupuncture have been the

most successful. They can only be employed when the aneurysm is

pressing against or bulging through the surface, and it is in saccu-

lated aneurysms with small orifices and without large branches open-

ing out of the sac that the best results have been obtained. In
employing electrolysis it is best to use steel needles connected with

the positive pole only, a large negative electrode being placed on the

back. A current gradually increased up to 40 or 50 milliamperes is

to be employed for 20 to 30 minutes, and repeated if necessary at

intervals of seven to ten days. If acupuncture is employed
Macewen's method should be followed, the number of needles used

and the frequency with which they are introduced varying with the

nature of the case. By either of these plans a clot may be formed
which may arrest the growth of the aneurysm and avert immediate
danger and relieve pain. But the clot may become organised and
greatly strengthen the sac, and in some very favourable cases a

pouch of the aneurysm may in this way be obliterated,

v
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The introduction of wire into the sac has also been practised,

but not with such success as to justify its use. It has also been

suggested that after introducing a coil of wire into the aneurysm,

it should be connected with the positive pole of a battery ; in this

way the effect of the wire would be supplemented by the coagulating

effect of the electricity and of the chloride of iron it produces.

The distal ligature

has also been practised,

and with occasional suc-

cess : thus one carotid

artery—particularly the

left— or the carotid and
subclavian artery, have

been tied. These opera-

tions are themselves

attended with consider-

able risk ; they have

sometimes been followed

by aggravation of the

aneurysm, and there is

neither any satisfactory

explanation of the

rationale of the success-

ful cases, nor guide as

to when the operation

has a prospect of suc-

cess. For these reasons

the distal ligature has

not won the general ac-

ceptance of surgeons.

Abdominal aneu-
rysm.—Aneurysm may
occur in any part of the

abdominal aorta, but it

has been most often met
with at its bifurcation,

or near the origin of the

cceliac axis. The mesen-

teric, hepatic, and splenic

arteries may also be the

seat of aneurysm. These aneurysms, like others, may remain
small, or become filled with coagulum ; but they may attain an
enormous size, and may rupture into the peritoneum, subperitoneal

tissue, stomach, intestine, or pleura.

Symptoms.—These aneurysms may cause local discomfort

merely, but if they erode the spine, the pain is severe—an aching,

boring, or burning pain in the loins—while pressure on the lumbar
plexus may cause pain in the scrotum or front of the thigh. A
strong subjective sense of epigastric pulsation may be present

;

Fig. 185.—Large Aneurysm of the Innominate Artery,
which, grew high up in the Neck and caused great
Displacement of the Sternum, Clavicle and First
Kib. The arch of the aorta is the seat of two fusi-
form dilatations. (Museum, Middlesex Hospital.)

A, Clavicle ; u, aneurysm ; c, first rib; d, second rib; B, arch
of aorta ; P, left subclavian artery; G, right subclavian
artery; H, innominate artery; I, left carotid artery;
k, right carotid artery ; l, sternum.
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pressure upon the bowel may cause signs of obstruction; jaundice,

vomiting, and albuminuria are other symptoms that may be observed
;

serious compression of the inferior vena cava very rarely occurs.

The diagnosis may be a matter of considerable difficulty and
the complete relaxation of the abdominal muscles by means of an
anaesthetic is a great help in arriving at it. A j>ulsating aorta is

often observed in anaemic women, who at the same time suffer from
dyspepsia. This condition is distinguished from aneurysm by noticing

the absence of all tumour, that the pulsation can be traced along

the line of the artery, that there is no aneurysmal bruit, and
that when the patient lies on her hands and knees, with the

abdominal walls relaxed, the hand laid gently over the part does not

detect any pulsation. Faecal accumulations over the aorta, and
malignant growths of the pylorus, pancreas, or spine are other con-

ditions that may simulate aneurysm.
Treatment.—In all cases a prolonged and careful trial of

constitutional measures only should be made ; this alone may be

successful. If it fails, and the aneurysm is so placed that the pad of

a tourniquet can be insinuated above it and over the aorta, proximal
compression of this artery continued for several hours, and with the

patient under the influence of an anaesthetic, should be tried ; this

treatment has been fairly successful. Distal compression of the

abdominal aorta has not been practised with success.

Aneurysm of the innominate artery.—Innominate aneurysm
is always spontaneous ; it may be either fusiform or sacculated, and
may affect any part or the whole of the artery ; aneurysm of the

origin of the artery is always associated with dilatation of the arch

of the aorta.

Symptoms.—The tumour may not project at all and merely give

rise to dulness over the sternum and beneath the inner end of the

clavicle
;
projection of the aneurysm is usually first observed behind

the sternal origin of the sterno-mastoid muscle, and as the tumour
grows it displaces this muscle, or the sternum and clavicle, or the

trachea. As the tumour increases in size it may grow upwards into

the neck over the carotid artery, where it has been known to

reach as high as the cricoid cartilage, or backwards and inwards
towards the trachea and spine, or outwards along the subclavian

artery (Fig. 185). Pouches of the sac may extend in several

or all of these directions, but growth outwards is most common.
On auscultation over the tumour no bruit may be heard, but the

heart's sounds may be very plainly audible.

The special symptoms of the aneurysm are alteration of the pulse in

the radial and branches of the external carotid artery on the right side,

dyspnoea, stridor, and alteration of the voice, dysphagia, cyanosis,

and oedema of the right hand and arm, and of the right side of the

face, head, and neck ; the oedema may extend to the left side of the

face also. The patient often experiences pain down the right arm,
and weakness in it, from pressure upon the brachial plexus, and
shooting pains in the head and neck from irritation of the superficial

v 2
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cervical plexus. Compression of the sympathetic trunk may lead to

dilatation of the arteries of the same side of the head and face, with
abundant sweating, and contracted pupil. Spontaneous cure has

been noted in one case only ; the disease generally proves fatal,

death being due to asphyxia from pressure; or to rupture of the

aneurysm, either externally or into the trachea, oesophagus, or lung.

Treatment.—Careful constitutional treatment should first be
well tried, and digital compression of the right common carotid

artery may be combined with it. If these means fail, simultaneous

ligature of the right common carotid and subclavian arteries should

be practised. It does not suffice to tie one of the trunks, for the

free current of blood still flowing through the parent vessel prevents

cure of the aneurysm ; even when both are tied, the flow of blood to

the branches of the first part of the subclavian artery may be

sufficient to prevent occlusion of the artery and cure of the

aneurysm.
Should the size of the aneurysm prevent the ligature of one or

both of these arteries, or the operation fail to cure, electrolysis and
acupuncture are the only other means at the disposal of the surgeon.

Diagnosis of aneurysms at the root of the neck.—

A

tumour at the root of the neck having been recognised as an
aneurysm, it is often a matter of great difficulty to determine

exactly what artery, or part of artery, it is connected with. Atten-

tion to the following points, will, however, generally lead to a

correct diagnosis.

(1) Apparent origin.—An aortic aneurysm is often detected

within the chest before it appears at the root of the neck, and
generally extends farther into the mediastinum than an innominate
aneurysm ; its first appearance in the neck may exactly resemble

that of an innominate or carotid aneurysm ; an aneur}Tsm of the

second part of the arch may project immediately above the

episternal notch. An innominate aneurysm appears first behind and
above the inner end of the right clavicle, and fills up the hollow

between the two heads of the sterno-mastoid muscle. A carotid

aneurysm bulges forwards beneath the inner head of the sterno-

mastoid. A subclavian aneurysm appears first in the posterior

triangle, or beneath the outer head of the sterno-mastoid muscle.

(2) Direction ofgrowth.—An aortic aneurysm may extend in

any direction, especially within the chest ; the detection of a

considerable tumour within the thorax renders the diagnosis clear.

An innominate aneurysm may be of a globular shape and project

forwards, or it may extend along either of its branches. A carotid

aneurysm grows up the neck along the sterno-mastoid, while a

subclavian aneurysm usually extends horizontally along the upper

border of the clavicle.

(3) Limits.—No lower limit can ever be felt to an aortic or

innominate aneurysm, but the finger can often be dipped down below

a carotid aneurysm, or to the inner side of a subclavian tumour.

(4) Pressure effects.—The pressure signs are very similar in
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the different cases. Pressure on the left recurrent laryngeal nerve
would distinguish an aortic aneurysm from one situated on the right

vessels
;
pressure on the right nerve in a like manner excludes an

aortic aneurysm. Pressure on the left innominate vein indicates

aortic aneurysm rather than innominate ; compression of the internal

jugular or subclavian vein only, points to carotid or subclavian

aneurysm. A " tracheal tug " indicates an aneurysm of the aorta.

(5) The piaSse in the branches of the great arteries is, perhaps,

the most useful sign of all. Where the pulse in the two radia1

arteries is exactly similar, it shows that the aneurysm is aortic, either

on the proximal side of the innominate artery or the distal side of

the left subclavian : the sphygmograph may show the dicrotic wave
and percussion stroke lost. If, however, the left radial pulse is

" aneurysmal '' and the right is normal, it points to an aneurysm
either of the transverse part of the arch beyond the origin of the in-

nominate trunk, or of the left subclavian artery, and the condition

of the pulse in the branches of the left carotid artery will determine
this point. When the right radial and carotid pulses are aneu-

rysmal, and the left are normal, it indicates an innominate aneurysm
;

where, of these, only one is aneurysmal, it shows an aneurysm of

the corresponding branch. It must be carefully remembered that

the pulse may be lost in an artery by the sac of an aneurysm of a
neighbouring trunk compressing it, or occluding it by displacement
or by a plug of clot. The special aneurysmal pulse, and not the loss

of pulsation, is the guide to diagnosis.

Aneurysms of the carotid arteries.—Aneurysm of the,

common carotid artery is nearly always "spontaneous" in origin,

for "wounds of the artery are generally fatal—those that are

recovered from are frequently associated with wound of the jugular

vein. It occurs more commonly in women than any other external

aneurysm. The favourite seat of the aneurysm is at the bifurcation

of the trunk and the next most frequent spot is at the origin of the

right artery : the thoracic portion of the left artery appears to be
exempt.

Symptoms.—Commencing as a small tumour, the aneurysm may
grow very slowly, and remain unaltered for years, or it may more
quickly attain a large size and fill up the neck from the chin to the

sternum. In addition to the usual signs of aneurysm, there may be

great dyspnoea with frequent spasmodic cough, which may end in

asphyxia, hoarseness and loss of voice, dysphagia, tinnitus aurum,
dimness or loss of sight, contracted pupil, giddiness, stupor, hyper-

esthesia of the scalp, and a sense of pulsation referred to the whole

of the same side of the head. These symptoms are the result of

pressure upon the larynx, trachea, pharynx, oesophagus, recurrent

larnygeal and sympathetic nerves, or of interference with the cir-

culation in the brain. Spontaneous cure has been known to occur;

more often the aneurysm ruptures externally or into the trachea,

larynx, or oesophagus, with rapidly fatal haemorrhage. Cerebral

emboljsm is another danger.
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The diagnosis of carotid aneurysm often presents great difficul-

ties, and many mistakes have been made. Tumours of the thyroid

gland are distinguished by rising and falling with the trachea during
deglutition, by their fixedness on the inner side, often by the

implication of the isthmus, and by their mobility over the carotid

artery. Lymphatic glandidar tumours are globular, ovoid, or

lobulatecl in outline, often multiple, and generally incompressible

and freely movable away from the artery. When the artery passes

through the middle of the tumour it may be somewhat compressible,

and it is not movable over the vessel ; in such a case the outline of

the swelling, its history, the presence of other enlarged glands, and
of some obvious cause for the swelling—one or all of these—clear up
the diagnosis.

A cyst under the sterno-mastoid muscle may pulsate from its

close proxiinicy to the artery, and if the cyst is flaccid and folded

round the artery, there may be slight expansile pulsation in it.

The history of the case, the irreducibility of the tumour, the fact

that conrpression of the carotid artery below the tumour does not
affect its size or tension, distinguish it from aneurysm. In some
cases when the sterno-mastoid muscle is relaxed, the cyst can be
lifted away from the artery and then its pulsation is lost.

Abscess over the artery is distinguished by the usual signs of in-

flammation, by obvious fluctuation, and by the irreducibility of the

swelling when the artery below is compressed ; the special features

of the aneurysmal pulsation and bruit are also absent. When the

artery has opened into an abscess cavity, the diagnosis is more
difficult ; the signs of inflammation and the absence of a clearly

defined outline of the swelling, as well as of many of the other lead-

ing signs of aneurysm, are the chief points to be noted. Varix
of the internal jugular vein is a soft compressible swelling, which
shrinks during deep inspiration and becomes fuller when expiratory

efforts are made ; the pulsation in it is transmitted and is not truly

expansile. Other solid tumours, fatty or sarcomatous, must be dis-

tinguished by their outline, mode of growth, mobility upon the

artery, fixity in some cases to other structures, and by their in-

compressibility and the absence of the other signs of aneurysm.
Ts*eatBSieBTit.—Whenever practicable, digital compression below

the aneurysm should be tried, as it has been attended with a good

deal of success ; if possible, the artery should be controlled by
pressure against the transverse process of the sixth cervical vertebra

without pressure upon the vagus nerve. Ligature of the artery,

either below or above the aneurysm, is the other chief means of

cure ; the proximal ligature is to be preferred in all cases where

there is room to apply the thread between the tumour and the

sternum. This operation is attended with risk. Its chief danger

is cerebral anajmia followed by white softening, or by the passive

congestion which may follow the ligature of an artery in any situa-

tion. An abscess may develop in the anaemic area. Immediately

on tightening the ligature there may be syncope, dimness of .sight,
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tinnitus, and giddiness ; and if softening occurs, hemiplegia ensues,

and there may be convulsions, and death often results.

Pulmonary congestion is another frequent complication and it

is liable to run on to hypostatic pneumonia. The interference

with the circulation in the brain and medulla caused by the

operation is the probable explanation of this occurrence. It is

noteworthy that the effects of sudden closure of the carotid artery

are much more grave than when the obstruction is gradual. A
patient has even lived for some time after gradual obstruction of

both carotid and both vertebral arteries. Simultaneous ligature of

both carotids is always fatal from cerebral anaemia and coma, but

if an interval of two or three weeks is left between the ligature

of the two vessels, the danger of cerebral disease is not greater than

if one only is tied.

Suppuration around the sac of the aneurysm may follow ligature

of the artery, either from the sudden solidification of the tumour, or,

more probably, from wound infection. The pus should be evacuated

by an early free incision, and if haemorrhage occurs the sac must be

laid open and the ends of the artery tied. Manipulation or the in-

troduction of foreign bodies should never be practised in carotid

aneurysm on account of the great danger of cerebral embolism.
Aneurysm of the internal carotid artery in the neck is

rare ; it has a great tendency to bulge into the pharynx and even to

simulate an abscess in the tonsil. It should be treated by digital

compression or ligature of the common carotid artery.

Aneurysm of the external carotid artery may, by pres-

sure upon the hypoglossal nerve, cause paralysis of the same side of the

tongue. If digital compression of the common carotid artery is not

successful, a ligature may be placed upon the external carotid

artery below the aneurysm, and only if the tumour arises too low
for this to be possible should the common carotid artery be tied.

Recurrent pulsation is very apt to occur, owing to the free

anastomoses of the many branches arising close together from the

artery. For this, if rest and careful direct pressure fail, the

branches communicating with the aneurysm should be tied. If the

tumour is small, or of moderate size, its excision may be undertaken

at first, instead of the proximal ligature.

Aneurysmal varix in the neck, is usually the result of sabre

cuts and stabs, in which the weapon has passed through a vein into

an artery. A case is recorded, however, in which a communication

between the common carotid artery and internal jugular vein arose

spontaneously. The vessels involved may be, in order of frequency

:

(1) The common carotid artery and the internal jugular vein
; (2)

the internal carotid artery and the internal jugular vein
; (3) the

common carotid artery and the subclavian vein; and (4) the external

carotid artery and the internal jugular vein.

Immediately after the injury there is a great effusion of blood

in the cellular tissue of the whole side of the neck, and this may
be so great as to threaten asphyxia; when this is absorbed, the



648 ANEURYSM.

characteristic symptoms of the aneurysmal varix manifest tnemselves.

The patients are liable to headache, giddiness, and other signs of cere-

bral congestion, and also to palpitation, which it is believed may arise

from the presence of arterial blood in the right side of the heart.

The bruit may be so loud as even to interfere with the patient's

sleep. Only palliative treatment has been adopted for these cases
;

when the common or internal carotid artery is implicated, operation

is not, as a rule, indicated ; if the symptoms are very marked and
annoying, a ligature may be placed on the artery above and below

the communication with the vein ; but if in any case the surgeon

can satisfy himself that the artery involved is the external carotid,

this artery should be tied above and below the communication with

the vein. The cerebral congestion, when severe, may be relieved

by leeches.

A case of varicose aneurysm of the internal carotid artery close

to the skull has been recorded ; the appropriate treatment for such

a condition is ligature of the artery lower down in the neck.

Traumatic aneurysm of the temporal artery may result from
accidental wounds, or after arteriotomy. The best treatment is

excision of the aneurysm.

Intracranial aneurysm.— The miliary aneurysms on the

arteries in the substance of the brain, which are always to be found in

cases of cerebral haemorrhage, are met with almost exclusively in the

latter half of life, and may be regarded as the result of arterial de-

generation. The aneurysms which are met with in the arteries at

the base of the brain are less frequent, but to the surgeon more
important, and the following remarks apply exclusively to them.

These aneurysms are nearly equally frequent in each decade of

life after the first to the seventh, and after that become very rare.

They appear to be due most often to syphilis or embolism, rarely to

injury or atheroma. Syphilis is known to affect the arteries of the

brain more often than other arteries ; the association of intracranial

aneurysm with valvular disease of the heart is also very marked.

The arteries most often affected are the middle cerebral, the basilar,

and the internal carotid. The aneurysms are generally the size of a

pea, but may be as large as a hazel nut, a grape, or even a hen's

egg. Both fusiform and sacculated aneuiysms are met with ; a

variable amount of clot may be found in the sac, and spontaneous

cure has been known to occur. Rupture of the aneurysm is the

most frequent termination, and the resulting haemorrhage into the

membranes, brain substance, or cerebral ventricles, causes sudden or

speedy death ; occasionally the rupture is small and the surrounding

parts resistant, and the haemorrhage is slow and its effects are

gradually produced.
Symptoms.—In many cases no symptoms have been observed

prior to those of the fatal rupture. The most constant symptoms are

headache and giddiness
;
paralysis may be induced by pressure upon

the nerves at the base of the brain, or the brain itself, and by care-

fully noting the paralysis the exact position of the tumour may be
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determined ; optic neuritis has been especially observed in connection

with aneurysm of the internal carotid artery. In some cases a bruit

is audible to the patient, or to the observer, and the place of greatest

intensity, and the effects upon the bruit, of compression of the

carotid artery in the neck may enable the surgeon to determine on
which series of vessels the aneurysm is placed ; aneurysm of the

basilar artery has been known to give a bruit audible just behind
the mastoid process ; the bruit of an aneurysm of the internal

carotid is arrested by compression of the vessel in the neck. In
some cases of spontaneous aneurysm the patient gives a history of a
sudden pain, or a sense as of something bursting in his head at the

outset of the disease.

Treatment.—If the aneurysm be diagnosed, and cannot be

exactly localised, the only treatment that can be pursued is consti-

tutional—the avoidance of all causes of increased arterial tension,

and, especially in cases of syphilis, large doses of iodide of potassium.

If the aneurysm be known to be on the internal carotid or middle
cerebral artery, the internal carotid artery should be ligatured in

the neck. For an aneurysm of the basilar artery, one or both
vertebral arteries might be tied.

Intra-orbital aneurysm.—Pulsating exophthalmos is probably
a better name for the series of cases we are now to consider, for

they have been grouped together on account of their clinical

resemblance, and not their pathological identity.

The symptoms of these cases are more or less marked proptosis,

with swelling of the eyelids, congestion and oedema of the conjunctiva,

and a well-marked pulsation in the orbit. Often there is a distinct

thrill to be felt, particularly near the inner canthus, and on listening

over the brow or temple a loud musical or whizzing bruit is audible;

the bruit is heard also by the patient. There may be ocular

paralysis, dilated pupil, steamy cornea, and opacity of the media,

causing almost entire blindness ; if the fundus can be seen, the

retinal veins are noticed to be full and often pulsating, and the

outline of the disc is blurred.

Pathology.—The conditions that have been shown by careful

dissection to give rise to these symptoms are varied. They include

aneurysm of the ophthalmic artery within or behind the orbit,

rupture of a carotid aneurysm into the cavernous sinus, aneurysmal
varix—the carotid artery communicating with the cavernous sinus

—

dilatation of the carotid artery in the petrous bone, thrombosis of

the cavernous sinus, and compression of the ophthalmic vein by
inflammatory products. It is believed that cirsoid aneurysm may
occur in the orbit as a congenital affection. Many of the cases are

traumatic in origin, arising from severe injuries to the head causing

fracture about the cavernous sinus, or from punctured wounds of

the orbit. In the idiopathic cases a sudden sense of something
bursting or giving way behind the eyeball may usher in the

symptoms.
Course and diagnosis.—The rapidity with which the

v *
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symptoms develop varies in different cases ; in some they quickly run
on to pronounced exophthalmos and blindness, in others the course

is slow, and the symptoms may remain stationary for years, or even
abate spontaneously.

The pulsation, the thrill, the loud bruit, and the effects of

compression of the common carotid artery distinguish this condition

from a pulsating sarcoma in the orbit, the only other liable to

be confounded -with it. An exact diagnosis of the cause of a given

case of " orbital aneurysm " is often difficult and may be impossible.

If congenital in origin it may safely be regarded as a cirsoid

aneurysm ; if traumatic in origin the cause is most probably a rent

of the carotid artery, where it lies in the cavernous sinus—
aneurysmal varix. In the idiopathic cases attention should be paid

to the history and to any concomitant affection. A history of a

sensation as of a sudden snap behind the eye before any proptosis

or pulsation was noticed would justify the diagnosis of aneurysm.

The existence of suppuration in the ear, nose, face, or about the

base of the skull would support the diagnosis of thrombosis, and if

the affection spreads to the other orbit, is attended with fever of a
remittent type, or if rigors and secondary abscesses occur, this

diagnosis is established. Cardiac disease or general arterial de-

generation would suggest aneurysm.
Treatment—Prolonged rest in bed with avoidance of all car-

diac stimulants in many cases leads to a gradual or more abrupt

cure, and should always be carefully tried before resorting to other

measures. In addition, an ice-bag may be applied externally and
iodide of potassium given internally. If, in spite of this treatment,

the symptoms persist, the internal carotid artery should be tied in

the neck, if there is reason to believe that the condition is an
aneurysm or an aneurysmal varix ; in such cases this operation has

been very successful. For cirsoid aneurysm electrolysis may be used

before, or after, resorting to ligature of the carotid. Electrolysis

has been successfully adopted in some other cases. For infective

thrombosis of the sinus no surgical measures are of any avail.

Aneurysm of the subclavian artery.—Subclavian aneurysm
is much more common in men than women, and on tho right than

the left side, and this is believed to be due to the influence

upon the artery of free and forcible movement of the shoulder and
of injuries to the part. Although strain and over-use of the right

arm play an important part in causing spontaneous aneurysm, true

traumatic aneurysm from wound of the artery has not been met
with, partly because the vessel is so well protected from direct

injury, and partly because the haemorrhage from a wounded sub-

clavian artery is quickly fatal. There are, however, at least two
recorded cases of aneurysmal varix from stabs.

Symptoms.—An aneurysm may arise from any part of the

artery, except the first part on the left side, but is most common in

the third part of the artery. It usually forms a small tumour about

the size of a hen's egg in the clavicular triangle, but it may be much
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larger, and bulge forwards the sterno-mastoid muscle ; in other cases

it grows downwards and backwards towards the pleura, which then
becomes thickened and adherent to the lung, and the lung may be
incorporated in the sac of the aneurysm. The radial pulse on the
same side is weakened and delayed ; there is often oedema of the arm,
and usually distension of the external jugular vein, and the venous
obstruction may even cause gangrene of the arm. From pressure

upon the brachial plexus the patient may suffer from pain down the

arm, numbness, or muscular weakness, and pressure on the phrenic

nerve may cause spasm or paralysis of the diaphragm. The aneu-

rysm may remain stationary or progress but slowly ; in many cases

spontaneous cure has been accomplished ; in other cases steady

enlargement ending in rupture of the sac occurs. The condition

most likely to be mistaken for subclavian aneurysm is that in which
the artery is raised over a cervical rib ; a little care will at once
guard against this error.

Treatment.—The surgical treatment of subclavian aneurysm is

very unsatisfactory. In all cases rest and constitutional treatment
should be well and fully tried, and to these means, careful direct

pressure upon the sac may be added. If these measures fail, the

question of treatment is one of great gravity. Where there is room
on the proximal side of the aneurysm for compression of the artery

that should be first employed, and if it fails the artery may be

ligatured in its second or the commencement of its third part. Very
often this is impossible. Ligature of the first part of the artery has

never been successful and should not be practised. Ligature of the

innominate artery has been recovered from in only two instances out

of eighteen operations ; but with the practice of aseptic surgery,

and the use of a ligature so applied as not to lacerate any of the

arterial wall, better results may be hoped for. In any case, however,

this operation must be attended with grave danger, owing to the

depth and important relations of the artery. Distal ligature of the

artery has never succeeded, but combined with amputation at the

shoulder joint, may be successful. By removing the limb, the

amount of blood passing through the subclavian artery is greatly

diminished, and the pressure in the artery is lowered; and this fact,

together with the proliferation of the intima that results from it,

greatly favours the consolidation of the aneurysm and obliteration of

the artery. The other means that have been employed are manipu-

lation of the sac and electrolysis, each of which has attained a limited

success. The matter may be summed up by saying that where

active surgical measures are called for, if possible a ligature should

be placed on the cardiac side of the aneurysm, but if from any cause

this is impossible, or imperils the sac, or fails, the arm should be

amputated at the shoulder joint, the vessel being ligatured as high

up as practicable, as the first step of the operation.

Aneurysm of the vertebral artery in the neck is always traumatic

in origin. The artery may be tied just before it enters the trans-

verse process of the sixth cervical vertebra, or the sac may be laid

v * 2
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open and the artery closed by very careful and firm plugging, or

electrolysis may be employed.

Aneurysm Of the axillary artery.—Aneurysm may arise from
any part of the axillary artery ; it is more common in men than
women, and on the right than the left side. Traumatic aneurysm
from stabs and wounds, or from injury attending dislocation of the

shoulder and its reduction, is not infrequent. Injury also plays an
important part in the production of spontaneous axillary aneurysm,
owing to the very free movement of the arm at the shoulder joint,

and the frequency of injuries to the shoulder.

Symptoms.—Owing to the laxity of the surrounding tissues, an
axillary aneurysm grows rapidly and may attain a large size. Most
often it projects forwards between the clavicle and the pectoralis

major muscle ; it may grow up under the clavicle into the clavicular

triangle; the strong axillary aponeurosis retards its downward
progress. The tumour, if large, interferes with the free movement of

the arm, especially with abduction ; the head may he held inclined

to the same side and the outer end of the clavicle may be pushed

up. By pressure upon the axillary vein it causes blueness and
oedema of the hand, fore-arm, and arm, and afterwards of the

chest-wall ; there is often severe lancinating pain down the inner side

of the arm to the elbow, and weakness, numbness, or even paralysis

may result from the pressure on the brachial plexus. The aneurysm
may burst into the shoulder joint or erode the humerus, or extend in

between the ribs and displace the lung. From the obstruction of

the artery, the brachial or radial pulse may be lost. Owing to the

great size of the sac and the looseness of its surroundings, it is

peculiarly liable to inflammation ; when the venous obstruction is

very great, gangrene may ensue. Varicose aneurysm has been met
with in the axilla, but only rarely.

Treatment.—Oases of spontaneous cure are extremely rare.

The surgeon should first of all treat the disease by digital com-
pression of the subclavian artery just above the clavicle, where it

lies upon the first rib ; and, if necessary, the patient may be placed

under an anaesthetic while continuous pressure is maintained. At the

same time, gentle direct compression of the sac to compensate for

the absence of the tense tissue which usually surrounds an aneurysm
may be of service. Where the aneurysm has so spread up into the

neck, or has so raised the clavicle that digital compression of the

subclavian artery is impracticable, Esmarch's bandage may be

applied to the limb up to the sac for one to two hours, with a view

to leading to coagulation of the blood. Should these means fail,

the subclavian artery should be tied in the third part of its course,

or in the second part if the vessel is encroached upon by the tumour,

or is found very diseased. This operation may be rendered very

difficult by the proximity of the sac or the displacement of the

clavicle. Secondary haemorrhage may occur after this operation,

and should be treated by a carefully-applied compress
;
gangrene is

rare, owing to the freedom of the anastomotic circulation. But two
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special dangers attend the operation, viz. inflammation of the aneu-
rysm and intrathoracic inflammation. The latter is the more frequent

cause of death ; it may take the form of pleurisy or pneumonia, or

of cellulitis in the anterior mediastinum, with secondary pericarditis.

The causes of these complications are wound of the pleura at the

time of the operation, implication of the pleura in the sac of the

aneurysm, rupture of an inflamed aneurysm into the pleura or lung,

injury to the phrenic nerve, and the extension of septic inflammation

along the cellular tissue between the scalene muscles, which is

continuous with that in the mediastinum. Where the aneurysm
has been situated low down, it has been recommended to tie the

first part of the axillary artery, but it is better to tie the subclavian

trunk. In the case of a very large axillary aneurysm it has been
advised to tie the subclavian artery, and then at once amputate
at the shoulder joint. For sacculated traumatic aneurysm, digital

compression of the subclavian artery, with careful pressure on the

tumour, should be tried first, and that failing, the third part of the

artery should be tied. If the sac is very thin and threatens to rup-

ture, it would be better to lay it open and tie all the arteries open-

ing into it. Varicose aneurysm must be treated by ligaturing the

artery above and below the sac.

Inflamed axillary aneurysm.— The inflammation may arise

spontaneously or after ligature of the artery above ; in the latter

case the inflammation may spread from the wound to the sac,

or it may result from the sudden solidification of a large quantity

of blood. The condition is recognised by the onset of pyrexia,

with increasing swelling of the tumour, local heat, redness, and
pain ; then fluctuation may be detected, an abscess burst, and
the escape of discoloured pus and coagula be followed by free

arterial bleeding. The abscess may, however, burst into the pleura,

or into a bronchus, and the pus be coughed up. If suppuration

occur after ligature of the subclavian artery, an early incision should

be made into the fluctuating part, and, if bleeding occur, an attempt
should be made to tie the bleeding vessel, and failing this, the limb

should be amputated. When occurring spontaneously, amputation
is usually indicated ; but if the aneurysm is small, and the sac firm,

the subclavian artery may be first tied.

Recurrent pulsation.—If ligature above the sac fail to cure the

aneurysm, carefully-adjusted direct pressure, as by a sandrbag, should

be tried. If that fails, the surgeon has to choose between employing

a direct coagulant, such as electrolysis or acupuncture, laying open

the sac and tying all vessels communicating with it, and disarticula-

tion of the limb. Laying open the sac has been successful, but the

milder means should be first tried, and if the " old " operation of

Antyllus is undertaken, the surgeon must be prepared to amputate
if he is unable to complete it. Diffxise aneurysm, or aneurysm with

threatened gangrene of the arm, can only be treated by amputation
at the shoulder joint.

Brachial, radial, and ulnar aneurysm.—Aneurysms are
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rare below the axilla, except those at the bend of the elbow, due to

traumatism. Not only are the majority of such aneurysms trau-

matic in origin, but there is no other part of the body where so

many traumatic aneurysms have been met with. Nearly all the

spontaneous aneurysms are associated with cardiac disease and
embolism. At the bend of the elbow an aneurysm generally grows
upwards along the brachial vessels, being limited by the biceps on
the outer side, and by the internal intermuscular system internally

;

it may extend as a flattened sac under the biceps.

Symptoms.—Owing to the proximity of the median nerve, pain

is often felt along the palmar surface of the thumb, forefinger,

middle finger, and the outer side of the ring finger. If the aneu-

rysm attains a great size, the flexor and pronator muscles of the

fore-arm may be paralysed. The anastomotic circulation is so free in

the upper limb that it imperils the success of the ligature, owing
to the rapidity and freedom with which blood returns to the sac

;

it also renders the danger of secondary haemorrhage greater than in

the leg, while the danger of gangrene is much less. Excision of the

aneurysm is therefore more widely practised here than elsewhere.

Treatment,

—

Aneurysms at the elbow, whether traumatic or

spontaneous, should first of all be treated with compression of

the artery above the tumour ; if that fails to cure, the choice lies

between the Hunterian ligature and excision of the sac ; owing to

the superficial position of the artery, and the ease with which we
can control all the vessels of the upper limb by a tourniquet, excision

of the aneurysm is often to be preferred.

Varicose aneurysm at the elbow may be treated with Esmarch's

bandage, and if that fails, by laying open the sac and carefully

tying every vessel opening into it. The only treatment necessary

for an aneurysmal varix is some form of external support, such as

an elastic armlet.

Aneurysms of the fore-arm are to be treated first by direct and
indirect compression ; full flexion of the elbow is the best means of

compressing the brachial trunk. Esmarch's bandage may also be

employed. If these means fail, when the aneurysm is deep beneath

the flexors of the fore-arm the brachial artery should be tied low

down in the arm ; but when the aneurysm is superficial in the lower

half of the fore-arm it should be carefully excised.

Aneurysms of the hand are not common. Compression of the

radial and ulnar arteries at the wrist, or of the brachial artery by
acute flexion of the elbow, together with direct pressure over the

sac, should first be tried. When that fails, excision of the aneurysm,

or the Hunterian ligature, must be performed. A few years ago the

writer had a case of traumatic aneurysm of the radial artery

immediately before its entry into the palm ; it was successfully

dealt with by excision of the sac and double ligature of the radial

artery. Eor aneurysms deep in the palm, ligature of the brachial

artery is the best treatment. Small traumatic aneurysms of the

digital arteries are sometimes met with ; they should be excised.
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Inguinal aneurysm.—Aneurysms of the external iliac and
common femoral artery are most conveniently discussed together,

for they are most common at Poupart's ligament, and then often

grow both up into the abdomen and down into the thigh, the sac

presenting two lobes with a constriction opposite the fold of

the groin.

Symptoms.—Inguinal aneurysm is commonly of slow growth
and may be long unobserved, but it may form a very large tumour
in the iliac fossa ; the part in the thigh expands less rapidly than
that in the belly, owing to the support it receives from the strong

fascia lata. By pressure on the femoral and internal saphena veins,

the tumour causes oedema and lividity of the lower limb, and pain

along the front of the thigh, or down to the inner side of the knee
and instep, may be caused by irritation of the genito-crural or

anterior crural nerve. The natural termination of inguinal aneu-

rysm is external rupture and death from haemorrhage.

Diagnosis.—Great care is often required in deciding the nature
of a tumour in the groin ; and when any special difficulty is met
with, an examination should be made under an anaesthetic, so that

the abdominal muscles may be completely relaxed. The conditions

which simulate aneurysm are abscess, pulsating tumours, and enlarged

glands ; in several instances, inguinal aneurysms have been opened
in mistake for abscesses. The directions already given will enable

the surgeon to make a correct diagnosis. An aneurysm of the aorta,

even in its thoracic part, may extend down to Poupart's ligament,

and then form an external swelling, at first sight like that of an
inguinal aneurysm.

Treatment.—Constitutional treatment should always be care-

fully tried before resorting to surgical measures. Where it fails,

proximal compression or ligature, or galvano-puncture may be resorted

to. Proximal compression of the lower end of the aorta by
Lister's compressor, the patient being under an anaesthetic, has been

successful, and should be tried in all cases where there is no special

bar to it, such as great size of the aneurysm or obesity of the patient.

Distal compression of the common femoral artery and gentle

direct compression of the sac may be combined with it. Where the

aneurysm is low down in the groin, ligature of the external or

common iliac artery—by preference the former—has been very

successful. But if the aneurysm is too high for this operation, the

case presents great difficulties ; ligature of the aorta has never been

recovered from, and distal ligature has never been successful in

leading to the cure of an inguinal aneurysm. In these cases galvano-

puncture or acupuncture may be employed. Excision of the sac can

only be practised in special circumstances, where the aneurysm

is low in position, small in size, or is the seat of recurrent pulsation
;

in other cases it is difficult of execution, and very dangerous from

haemorrhage. The sudden consolidation of an inguinal aneurysm is

liable to be followed by suppuration around the sac, owing to the

looseness of the cellular tissue in which it lies. Wounds of the iliac
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artery are usually fatal, but a single case of inguinal varicose anetb-

rysm has been recorded.

Aneurysm in the buttock.—An aneurysm in the buttock

may spring from either the gluteal or sciatic artery, and is about as

often traumatic as spontaneous in origin. Gluteal aneurysm is quite

four times as frequent as sciatic.

Symptoms.—The tumour is buried deep in the buttock, and
unless large, may escape notice for a long time ; if connected

with the sciatic artery it may grow into the pelvis. At first the

tumour is small, firm, deep, and fixed, and closely simulates a

pulsating tumour of bone ; later in its course it may attain a great

size and come to resemble an abscess, and to render certain the diag-

nosis between abscess and aneurysm a fine exploring needle should

be passed into the swelling, when, if it is an uncured aneurysm, bright

red blood will escape. The chief symptoms of these aneurysms is

limitation of movement at the hip, pain in the part, and pain from
pressure upon the great sciatic nerve. When small, the height of

the swelling on the buttock distinguishes a gluteal from a sciatic

aneurysm, but when of large size it may be impossible to distinguish

one from the other ; the early onset of pain along the sciatic nerve,

and the extension of the tumour within the pelvis, are points in

favour of its being connected with the sciatic artery. Spontaneous
cure has been known to occur, but the general termination of these

cases is death from external htemorrhage.

Treatment.—Entire rest and the usual constitutional treat-

ment should be given a fair trial. Aneurysm in the buttock is well

adapted for galvano-puncture, and the employment of other direct

coagulating agents ; there is no danger of wounding any important

structure in operating, and if portions of clot are washed into the

branches of the artery, the embolism is without special danger. At
the same time, the tumour is particularly badly situated for the

employment of other means. The distal ligature cannot be practised;

it is very rarely possible to place a ligature on the diseased artery

between the pelvis and the aneurysmal sac ; excision of the tumour is

difficult, and there is danger of primary and secondary haemorrhage,

but it has been successful in five cases. Ligature of the internal

iliac artery also is available, and has been successful, and with the

improved method of reaching this artery through the peritoneum,

instead of behind it, this operation is to be recommended.

Aneurysm Of the femoral artery.—Spontaneous aneurysm
of the femoral artery is not very common, as in the upper part of

its course the artery is well supported by its strong fibrous sheath,

and in Hunter's canal it is surrounded by muscles as well as covered

over by a strong aponeurosis. It is more frequent in Scarpa's

triangle than in Hunter's canal, and is an affection limited to the

male sex. It may be fusiform, but it is more commonly sacculated

in nature.

In Scarpa's triangle it is usually globular in form and often

projects through the saphenous opening; but in Hunter's canal the
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pressure of the surrounding parts causes the tumour to assume a

more flattened outline.

Aneurysm of the profunda femoris artery occasionally occurs.

It is distinguished from femoral aneurysm, which it closely simulates,

by the fact that the pulse in the popliteal and tibial arteries is

the same on the two sides, and that the unaltered femoral artery

can be traced pulsating over the side of the tumour in the upper
part of the thigh.

Traumatic aneurysms in connection with the superficial or deep
femoral artery are met with, and they may be circumscribed or

"diffused," and in the latter case the swelling attains a great size.

Varicose aneurysm has been met with at the groin, and aneurysmal
varix both at the groin and in Hunter's canal.

Spontaneous cure of femoral aneurysm sometimes occurs, but the

more frequent natural termination of the disease in this situation is

rupture externally and death from haemorrhage.

Treatment.—Rest and constitutional measures, combined with

slight direct pressure, may prove successful. The other surgical

measures that may be employed in cases of spontaneous aneurysm
are compression by Esmarch's bandage, digital or instrumental

compression of the common femoral artery, and the proximal

ligature. Either the external iliac, common femoral, or superficial

femoral artery may be tied. If there is room above the aneurysm
the ligature should be placed upon the superficial femoral trunk.

Ligature of the common femoral artery has been discarded by

many surgeons on account of the danger of haemorrhage, owing
to the proximity to the ligature of one or more of the branches of

the artery, and also because the anastomotic circulation is less free

when this artery is ligatured than when either the external iliac or

the superficial femoral artery is tied. With an aseptic ligature so

applied as not to sever any of the arterial coats , the danger of

haemorrhage can be obviated, and the operation has found more
favour of late. Ligature of the external iliac artery is, however,

preferred by some surgeons ; it is liable to fail on account of the

extreme freedom of the anastomotic circulation. In a case where
this happened, Mr. Rose excised the aneurysm with complete suc-

cess, and this example should be followed in similar cases. Aneu-
rysm of the profunda femoris artery is to be treated by compression

or ligature of the common femoral trunk.

Circumscribed traumatic aneurysm is treated like spontaneous

aneurysm, but the diffused variety can only be dealt with by
cutting into the swelling, turning out the clot, and applying a

ligature above and below the mouth of the sac.

For varicose aneurysm of the groin, the external iliac artery has

been tied, but without success, and it would be better in any such

case to tie the artery above and below the opening into the sac.

Ligature of both the common femoral artery and vein exposes the

patient to great risk of gangrene. Aneurysmal varix in the groin

should be treated by elastic support ; in a case of aneurysmal varix
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in Hunter's canal the writer saw the femoral artery tied above and
below the opening into the vein, with entire success.

Popliteal aneurysm.—With the exception of the aorta, aneu-

rysm occurs more frequently on the popliteal than any other artery.

The affection is often symmetrical, the two tumours being noticed

simultaneously, or the second appearing after the cure of the first.

The frequency of popliteal aneurysm is due to several causes :

—

(1) The contact of the artery with the bone. (2) The alteration of

the length and calibre of the vessel occurring in the frequent and
rapid movements of the knee-joint. (3) The want of support of the

artery ; all the other main arteries of the lower limb are well

supported by muscles or fasciae, the popliteal alone is surrounded by
loose cellular tissue and fat. (4) The termination of the artery in

small arteries which lie deep among the muscles ; in the mouth of

these branches an embolus may be caught and prove the starting-

point of an aneurysm.
Symptoms.—Both fusiform and sacculated aneurysms are met

with in the ham, and the latter may spring from either the front or the

back of the artery. When springing from the back the sac often attains

a considerable size, compresses the popliteal vein and nerve, and tends

to rupture. Sacculated aneurysm of the front of the artery is usually

of small size; it is liable to erode the femur or tibia, and to cause

effusion into the knee joint, or even to rupture into the articulation.

Popliteal aneurysm may spread up along the artery into Hunter's
canal, or down into the leg and rupture beneath the calf muscles, or

it may burst subcutaneously. Sometimes the patient can state

exactly when the tumour developed, but more often its origin and
early progress are insidious. Often the first symptom is pain about
the knee or down the leg into the ankle, together with stiffness of

the knee, and the condition is frequently mistaken for rheumatism

;

if there is effusion into the knee joint, still further support is lent to

this error. Pressure upon the internal popliteal nerve causes pain

shooting down to the toes, cramps, muscular weakness, and
paralysis. Pressure upon the popliteal vein causes cyanosis of the

limb below, with distension of the superficial veins and oedema.

Erosion of the bones or of the ligament of Winslow is attended with

constant aching or hot burning pain in the joint itself, with great

stiffness of the joint and pain on attempting to move it.

When a popliteal aneurysm opens into the knee joint, the

synovial cavity becomes suddenly distended, the part is hot to the

hand, and if the common femoral artery is compressed, the swelling

of the knee yields a little to gentle compression. In any case of

doubt, the introduction of a grooved needle or fine trocar will

demonstrate the nature of the fluid in the joint.

Popliteal aneurysm must be diagnosed from abscess, bursal cyst,

pulsating sarcoma, and a solid tumour over the fascia. The signs by
which the diagnosis can be arrived at have been already mentioned.

An aneurysmal varix of the popliteal artery and veins has been

several times observed.
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Treatment.—Spontaneous cure may occur, and in some cases

all that is required is to place the patient at rest in bed, with the

affected limb raised and lightly bandaged, and to order a suitable

diet. Should this simple treatment fail, and the tumour is small

and firm, flexion should be tried, or Esmarch's bandage may be
employed.

Digital or instrumental compression of the femoral artery has

been successful in a large number of cases ; if the aneurysm does not
quickly consolidate under this treatment, it should not be prolonged

for the reasons already given, but the artery should be tied.

Ligature on the proximal side of the aneurysm is a very successful

operation; it maybe applied to the superficial femoral arteryat the apex
of Scarpa's triangle, or in Hunter's canal, or to the popliteal artery

just below the opening in the adductor magnus muscle. Of these

situations, the one that has been most favoured by surgeons is the

apex of Scarpa's triangle, partly because the artery is more superficial

and more readily accessible there, partly because it is far removed
from the seat of disease, and the artery is probably healthy. But
the great length of artery between the ligature and the aneurysm is

really a disadvantage, for when the operation is successful, it causes

cither a double obliteration of the main artery—at the seat of liga-

ture and at the aneurysm— or the obliteration of the entire length

of artery, and in either case it causes an unnecessary interference

with the circulation in the thigh ; also failure to cure the aneurysm
—or so-called "recurrent pulsation"—is frequent. For these rea-

sons, and also because the artery close above an aneurysm is not so

often diseased as to render its ligature perilous, ligature of the

highest part of the popliteal artery has been recommended of late,

and in practice this has been very successful. The operation is not

difficult, with modern methods it is not dangerous, and in its effect

upon the aneurysm it is more certain than ligature of the femoral

vessel. Hunter, in his first three cases of ligature of the femoral

artery for popliteal aneurysm, included the vein with the artery, but

in his fourth case he tied the artery only, and since then surgeons

have taken special pains not to wound or include the companion
vein.

Where the aneurysm is growing rapidly, and especially if with

rapid enlargement there is a loss of clear outline and forcible

pulsation, showing that the sac is leaking, the artery above should

be tied without any delay, and without trial of any other method.

If after ligature of the femoral artery pulsation recurs in the

aneurysm, that is to say, if the operation has failed to cure the

aneurysm, digital compression at the groin, with direct pressure over

the tumour, is usually successful ; if not, the surgeon must either

tie the artery lower down, in Hunter's canal or in the ham, or must
excise the aneurysm.

For secondary haemorrhage after the ligature the wound may be

carefully plugged or, better, opened up, and the artery tied above and
below the bleeding point, great care being taken not to rupture the
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inner coats of the artery, and to leave the wound aseptic ; on the

appearance of a few drops of bright blood in the discharge from the

wound—the precursor of "secondary haemorrhage"—the femoral

artery should be controlled in the groin by compressors or assistants'

fingers, and if this prevents freer haemorrhage, the control should be
maintained until the wound is consolidated. If this treatment is

unsuccessful, amputation through the thigh is necessary ; ligature of

the artery at a higher level either fails to arrest the bleeding or it

causes gangrene of the limb.

If moist gangrene follows the ligature, the limb should be at

once amputated above the knee without waiting for any " line of

demarcation"; but if the gangrene is dry, the separation may be

left to nature, the mummified part being meanwhile swathed in

iodoform wool.

"When the aneurysm is threatening to become diffused, or is

"leaking" into the tissues, the artery above should be at once

ligatured, and with great hope of success. But if the aneurysm has

really ruptured into the cellular tissue, or externally, amputation
through the lower end of the femur is the only resource. If the sac

has ruptured into the knee joint, the artery above should be tied, in

the hope that the aneurysm may be consolidated and the blood

absorbed from the joint ; but if the tumour has caused extensive

absorption of the femur and disorganisation of the joint, amputation

should be at once practised.

For inflammation of the sac, ligature of the artery above with

appropriate local treatment is indicated ; if suppuration occurs, a

free incision should be made to liberate the pus as soon as its

presence is detected ; if, upon this, haemorrhage occurs, the surgeon

should attempt to excise the sac and secure the artery beyond the

area of inflammation, and failing in this, he must amputate the

limb.

Gangrene of the leg and foot may occur as the direct result of

the aneurysm, either from venous obstruction, embolism, or arterial

thrombosis. If from venous obstruction it will be moist in variety,

and involve the whole limb up to the knee ; the only treatment that

can be employed is immediate amputation above the aneurysm. If

the gangrene is arterial and dry, and it involves all the foot and
part or the whole of the leg, amputation is likewise indicated ; but

if it is limited in area, involving the toes only perhaps, these

mummified parts may be left to separate, and the aneurysm treated

on ordinary principles.

Aneurysm in the leg and foot.—Aneurysm is rare below

the ham, and in the leg and foot is usually traumatic in origin,

resulting from gunshot wounds, stabs, punctures, and fractures.

When complicating fracture of the leg, the firm application of

the splints employed for this injury is often sufficient to cure the

aneurysm. In other cases, circumscribed aneurysm in the leg must
be treated by compression of the femoral artery or ligature of the

popliteal trunk. If the aneurysm is ruptured, an attempt may be
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made to tie the artery above and below the sac, and failing this,

amputation must be performed.

For aneurysm at the ankle or in the foot, the " old operation "

of excision of the sac and ligature of each artery communicating
with it, is the best course to pursue. Compression or ligature of

the artery above is very liable to fail, owing to the very free

anastomoses between the arteries of the foot.
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V
Wounds Of lymphatic vessels.—Except in very rare in-

stances, the lymphatics of the extremities show little of the results

of injury, although in any extensive laceration their trunks must of

necessity be severed. The lymph that exudes from the divided

vessels is not to be distinguished from the blood and serum which

are poured out in much larger quantity, the numerous valves pre-

vent any considerable reflux, and the divided ends are quickly closed

by the collapse of the tissues, aided also by the coagulation of the

lymph itself as it issues from the vessels.

Lymphatic fistulce have sometimes developed on the surface as a

sequel to the opening or removal of lymphatic glands, and very

large quantities of lymph have been discharged, and death, it is said,

has followed from exhaustion.

The most important lesion of the lymphatic vessels is section or

rupture of the thoracic duct, which, though so deeply placed

and so well protected throughout its course, has been divided by
stabs and gunshot wounds, and lacerated by such severe injuries as

a crush of the thorax or fracture of a vertebra. More commonly, a

rupture of the duct has occurred as the result of closure of the lumen
of the tube by the pressure of a tumour, or by contraction after

destructive inflammation.

In certain of the reported cases of division of the duct, associated

with external wound, a whitish fluid, which was whiter and more
opaque after meals, escaped at the external opening. In instances in

which there was no surface wound the fluid has been effused into the

pleural cavity in such amount as to call for l-epeated tappings. The
fluid thus evacuated coagulates on exposure. A diagnosis of the in-

jury is impossible without evidence of chylous fluid either escaping

from a wound or obtained from the pleural cavity by tapping. In
every case death must follow (in a period of weeks rather than of

months) from marasmus, consequent upon the discharge. The treat-

ment is purely symptomatic.
Lymphatic fistula, giving rise to lymphorrhoea, or lym-

phorrliagia, occurs, as has been already stated, sometimes from
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wound. It occasionally also arises as the result of obstruction in the
glands or vessels due to inflammatory changes, and is more often
met with in the lower than the upper limb. It is characterised by
the discharge of a thin colourless fluid, which rapidly coagulates into a
gelatinous film. Sometimes the fluid has a milky appearance, leading
to the probability of a communication existing with the lacteal s or
the thoracic duct. The discharge

does not usually proceed from a
single spot, but exudes from
numerous small vesicles which
appear upon the surface of the

skin around the site of the ob-

struction (Fig. 186). This occurs

to a greater extent after exercise,

and is intermittent in amount,
subsiding when the limb is raised

and the patient at rest. In a

case recently under my care,

which occurred as the result of

suppuration of a gland over the saphenous

opening during an attack of small-pox, ten

ounces were collected in a few hours, and
in some instances the quantity is much
more profuse. This fluid was examined
by Dr. Manson, and pronounced to be
chyle-like, and not pure lymph. On
analysis it was found to be composed of

—water, 95 per cent. ; total solids, 5 per

cent. The latter contained 53 per cent.

of fat ; ash, 47 per cent, (sodium chloride

;

traces of phosphates ; no sulphates). A
second examination, six months later,

gave a nearly identical result. In this

case there was obstruction at the site

of the inflamed gland, but in most
other instances there has also been noted

some diseased or dilated condition of

the lymphatic vessels (lymphangiectasis), which has been evident

upon the surface of the skin. The limb below the site of obstruction

has sometimes shown hypertrophy of all its tissues, but in all cases

it is considerably enlarged, and the skin is affected with a fibrous

hyperplasia.

The only treatment consists in raising and bandaging the whole

limb, with pressure upon the site of the fistula. All operative pro-

ceedings are worse than useless.

Dilatation of lymphatic vessels.—The lymphatics are subject

to the same congenital affections as the blood-vessels, and give rise to

conditions which will be mentioned later (page 678).

LiyinpfiBangeioma. is the term given to a dilated condition of

Fig. 186.—Lympliorrlioea due to
Blocking of Lymphatics.
(Lancereaux.)
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the larger lymphatic vessels, in which cystic spaces are formed, often

of large size, associated with hypertrophy of the vessel wall and
atrophy of the intervening tissue (Fig. 187). Sometimes this dilata-

tion gives rise to a single cyst, the walls of which consist of fibrous

tissue lined with epithelium, and the contents of more or less clear

fluid.

LyMiplmngiectasis is the result of a varicose condition of the

lymphatics analogous to that of the blood-vessels, and is most com-

mon in the lower limb, especially in the inguinal region. It consists

Pig. 187.—Lymphangeioma from the Inguinal Eegion. (Lancereaux.)

of a circumscribed dilatation of the vessels, and gives rise to swell-

ings on the surface, varying in size from that of a pea to that of a

walnut. These are not painful, except when over-distended ; and if

aspirated or punctured—as they have sometimes been under a mis-

apprehension of their true nature—they yield a clear or milky
coagulating fluid. To a dilatation of these natural channels, causing

distension and rupture of lymph spaces in the papillary layer of the

skin, Hutchinson has applied the term lupus lymphaticus—a some-

what misleading appellation (Fig. 188).

Both these conditions may be brought about by the pressure of

tumours—such as an aneurysm—compressing the thoracic duct, or

of malignant tumours in the course of that vessel, or arising in the

groin or axilla. The pressure thus exercised may so obstruct the

return of chyle in the one case or of lymph in the other, that

the vessels beyond become dilated and varicose, and may either burst
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and discharge their contents, or may form dilated pouches at the site

of the valves in which the lymph remains stagnant. In this way
may be accounted for many instances in which chyle is found to be
mingled with the lymph flowing from fistulas in the groin or scrotum,

or passed by the natural passages with the urine, and occasionally

poured out in large quantities into the peritoneum.

From whatever cause an obstruction to the lymphatic circulation

may arise, it is attended by a hypertrophied condition of the limb

below, causing it to assume a permanent enlargement, due mainly to

a solid oedema of the cellular tissue. The skin may remain smooth
or brawny, or may become rough and coated with a thick incrusta-

tion of epithelium, which resembles the condition seen in elephanti-

asis Arabum. Repeated attacks of inflammation of an erythematous
character are prone to involve all the tissues, and leave the enlarge-

ment greater than before.

Angeioleucitis or lymphangitis.—These terms are applied to

an inflammation occurring in the lymphatic vessels, as a result of the

entrance into their channels of some irritant and probably septic

product. This may originate in the tissues from which the lymphatic

radicles arise : as, for example, from the irritation of a blister, the

application of iodine, or even from sunburn. Lymphangitis is a

frequent concomitant of erysipelas, especially in its milder and cuta-

neous forms. Acute inflammation of lymphatics is much more
frequent in young adults and children than in old people ; but in

those debilitated by excesses, or alcohol, or in the subjects of

Bright's disease, it occurs on very slight provocation.

But the more usual source of origin is the direct absorption of a

morbid material through an abrasion, often slight and unperceived,

such as a scratch, or prick, into which the septic products of

some decomposing tissue have found entrance. Thus it is of fre-

quent occurrence amongst butchers and fishmongers, or amongst
those engaged in dissecting or conducting post-mortem examinations,

and especially where these duties entail contact with septic or much
decomposed tissues. In a wound where suppuration is free and
drainage is secured, as from the flaps of an amputation, absorption

does not take place, since the current of discharge from the granu-

lations sets in the opposite direction ; but when the pus is confined by
a scab or by any form of dressing, such as collodion, the lymphatics

may readily become inflamed by the material which they convey.

Thus it is not uncommon to find it occur as the sequel to a small

pustule or the sting of an insect, and it will even result when the

skin of the hand is brought in contact with some particularly viru-

lent material when no abrasion can be detected.

An example of tuberculous lymphangitis is shown in Fig. 62,

page 341.

Pathology.—The exciting cause of this affection is undoubtedly

the entrance into the lumen of the vessels of some septic alkaloid

(ptomaine), derived from decomposing tissues or from a parasitic

micro-organism which has gained access to the wounded part This
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excites an -inflammation of the vessel, and particularly of its outer

coats, which, spreading to the surrounding tissue, causes a peri-

lymphangitis ; the affected vessel can then be perceived superficially

as a thickened cord beneath the skin. The contents of the vessels

are increased by the cells from the intima, by white blood corpuscles,

and later by pus. The inflammation may subside and the lymphatics

regain their natural condition, but localised abscesses may form, and,

bursting on the surface, will lead to a complete obliteration of the

vessels in which they arise. When this happens in the deeper chain

of lymphatics, a very severe and extensive cellulitis may ensue.

Symptoms.—The affection is first notified by pain and throb-

bing, with great tenderness at the site of origin, around which there

;. 1S8.—Lupus Lymphaticus.
(From a drawing in St.

Bartholomew's Hospital
Museum.)

appears a red areola. Radiating from
this spot, the skin of the arm or leg be-

comes marked with red striae, which some-
times coalesce to form an erysipelatous

area. Although marking the course of

the lymphatic vessels, these stripe are

much broader than the vessel itself, and
are lost as they approach the next set

of glands, disappearing at the elbow or

popliteal space, and never extending be-

yond the axilla or groin. At the same
time pyrexia supervenes, and may be
extreme, with rigors of more or less frequency. The principal pain

is seated in the region of the glands, but there is great tenderness

along the line of the vessels, which are evident as hard cords

beneath the skin. The inflammation is more often acute than
chronic, and in the former case may last only a few days, and
terminate in resolution, the parts returning to a normal state. But
if, as is usual, pyogenic organisms have formed part of the infecting

virus, and suppuration takes place, abscesses will form at various

parts in the course of the vessels, and the case may last for many
weeks, and the abscesses may not close until the granulations lining

their cavities have been scraped or treated with some such caustic

antiseptic as a solution of chloride of zinc. When the deeper set of

lymphatics is involved, the superficial redness is not so marked, but

the pain is deep-seated and severe, and there is cedema along the whole
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or part of the limb. Suppuration in these parts extends widely and
leads to extensive loss of tissue, and the subsidence of inflammation
is followed by an obstinate and chronic oedema. The glands are

very early affected, as shown by dull aching pain, followed by acute
tenderness even before there are the above signs of lymphangitis.

They are at first swollen and movable in the surrounding tissue, and
may remain so for some time after the inflammation has subsided in

the vessels, when they gradually resume their normal condition.

But often suppuration occurs in them, and this is marked by in-

creasing pain, tenderness, and throbbing, by continued and often

excessive pyrexia with rigors, while the gland enlarges and the

cellular tissue around becomes inflamed, and signs of suppuration are

soon evident. The abscess thus formed may attain a large size, but

the glands are not affected beyond the axillary or inguinal regions.

The constitutional symptoms vary with the acuteness of the

process. The fever, the superficial redness, the pain in the glands

may pass off in a few hours; but, on the other hand, they may be
followed by rigors, and all the evidences of septicaemia or pyaemia.

When the pain in the glands persists even after all redness of the

striae has disappeared, suppuration generally occurs at a shorter or

longer interval.

Treatment.—In dealing with this affection, the nidus from
which the poison has been absorbed must be sought. If this be an
open wound, it must be cleansed thoroughly and washed with strong

solutions of perchloride of mercury ; if covered with a scab, the crust

or epithelium must be 1'emoved. Should there be no perceptible

wound, an incision into the red and throbbing areola must be made,
and lotions of carbolic acid or perchloride of mercury applied.

Warmth is the greatest alleviator of pain, and much relief is given

by soaking the whole limb in hot boracic baths, and by warm boracic

fomentations along the whole course of the inflamed lymphatics. A
mercurial purge, followed by salines, should be administered, and
the limb raised throughout its whole length. Quinine should be given

in large doses from the first onset of pyrexia, and opiates if the pain

be excessive. To subdue the swelling of the glands, nothing is so

effectual as warmth, which may be applied in the form of hot lead

and opium lotions or boracic fomentations ; and this also has the

effect of encouraging the pus, if it has formed, to come to the surface,

and as soon as fluctuation can be detected, free incision and

drainage give instant relief, the wound being dressed with strict

antiseptic details.

The oedema which occurs with inflammation of the superficial

lymphatics will gradually subside as the lymph finds its way through

its former channels, or when an anastomosis is established through

the deeper set of vessels ; but when the latter set of lymphatics are

blocked or destroyed, the oedema is more severe, and often permanent.

Frequent bathing in hot water, massage, and the application of

elastic bandages are means by which this may be diminished, or

even cured-
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Lymphadenitis. Symptoms.—As described in the preceding

section, inflammation of the lymphatic glands is generally due to the

absorption of septic material, although the effects may be first per-

ceptible in the glands, and no traces of its passage along the lymphatics

may have been evident. When the process is acute, the symptoms
are well marked and the diagnosis is easy. Pyrexia of greater or

less intensity, often accompanied with rigors, precedes a feeling of

swelling, with pain of dull aching character, rapidly becoming more
acute and throbbing, and situated in the known position of lymphatic
glands. All movement of the limb or part affected is extremely

painful. Sometimes a single gland, sometimes a whole chain, is

attacked. The swelling increases, the skin for some distance around
becomes cedematous, and afterwards red and tender. So soon as

suppuration has taken place the pain may be less severe, but the

swelling increases. Pus may form in several portions of the gland

at once, or the whole may be converted into an abscess, confined by
the fibrous structures of the gland. At the same time, the sur-

rounding parts break down, and an abscess is formed in the loose

cellular tissue, which may spread over a large area. The changes

that take place affect all the component parts of the gland. The
fibrous cortex is first affected, and becomes thickened by the increase

in size and number of its blood-vessels, and by the exudation of

blood and leucocytes. The follicles of adenoid tissue are at first red

and hypersemic, but soon become paler as the corpuscles are con-

verted into pus-cells. Thus small collections of pus are formed, and
these, by coalescing, convert the whole structure into an abscess,

confined by the fibrous coat of the gland, which gradually softens,

and allows the matter to escape into the already inflamed and sup-

purating cellular tissue. Other glands in the chain may become
inflamed and follow the same extreme course.

The process, however, may fall short of this condition and assume
the subacute form. In this, all the component tissues, and particularly

the fibrous portions of the gland, become congested and swollen, but
pus is not formed in the surrounding cellular tissue ; and if it occur in

the substance of the follicles, the collections do not coalesce, the

gland subsides to a smaller size, but remains larger than natural and
is prone to recurrent attacks of inflammation on slight provocation.

A further and subsequent change may result in calcification either of

a part or of the whole gland. Sometimes the substance of the gland

breaks down, forming what is known as a suppurating bubo, and the

skin gradually becoming involved, the contents are discharged on

the surface, and a sinus is formed, which leads clown to the necrosing

tissue of the gland. In cases where the primary inflammation is of

a simple nature (sympathetic bubo), this readily admits of cure, but

when it is due to the absorption of a specific virus, as from a

soft chancre, the discharge from the suppui'ating gland has not

only the same characteristics as that from the primary sore, and

is likewise inoculable, but will cause the surrounding tissue to

break down even to a considerable distance, and to present the



LYMPHADENITIS. 66b

ragged edges and the indolent grey slough which characterises the
initial sore.

In syphilis the glands nearest to the sore are early affected, and
later those throughout the whole body undergo changes which render
them hard and prominent, forming what is known as the "bullet
bubo." They rarely suppurate, except when the sore or its sur-

rounding parts are inflamed. They remain isolated, rounded, and
very hard, or they may be elongated and moderately firm—the

amygdaloid bubo—the change being due to effusion of plastic

material confined to the gland, and accurately circumscribed by its

capsule, so that the surrounding cellular tissue is not affected.

General glandular enlargement is very frequent in the secondary

stage of syphilis, but possesses no distinctive histological characters.

The capsule and tissue of the hilum are infiltrated with cells, and
leucocytes accumulate in the follicles and alveoli. (See pages 388
and 398.)

Chronic lymphadenitis often occurs in the neck or axilla as a

sequela of the specific fevers, and the source from which absorption

has taken place may be impossible to detect. Where the glands of

the neck are thus affected after scarlet fever, it may be presumed
that the throat or tonsils are the site of primary irritation, or, in

later stages, the external or internal parts of the auditory apparatus.

The glands, once enlarged, become prominent, but are not painful,

though they diminish in size or increase in accordance with the

general health of the patient. The same condition may be set up
by the existence of a carious tooth. The condition is characterised

by an increase of bulk, causing the gland or glands to feel firm and
dense and to attain a considerable size. It is due to a hyperplasia

of the fibrous elements of the capsule and septa, and a consequent

diminution and compression of the lymphoid tissue. In the

diagnosis of these swellings it must be remembered that the border

line between inflammatory hypertrophies and other morbid conditions

of the glands is clinically extremely narrow.

The treatment of adenitis is generally simple and satisfactory.

The axilla and groin are the parts in which inflammation of the

glands is most frequent, and the source from which absorption has

taken place can generally be discovered by searching the regions

from which the absorbents converge. The glands of the neck—
receiving as they do the lymphatics from so many parts in which

irritation may arise—are very frequently the site both of chronic and
acute inflammation. The mucous surfaces of the posterior nares,

the tonsils, and pharynx are amongst the deeper parts from which

absorption of irritant and septic materials are particularly liable to

cause enlargement of the glands of this region. In the case of

glands in the upper part of the neck, the scalp, the ear, and external

meatus must be carefully searched for any source of irritation.

The alveoli of the jaws must be inspected for any carious teeth or

periosteal inflammation in the case of glands enlarging beneath the

lower jaw and in the lower part of the neck, though the source of
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origin may be obscure ; the glands often become acutely inflamed,

and in this situation, owing to their confinement beneath the dee})

fascia, any collection of pus is deep and extensive, and gives rise to

considerable pain and swelling, with redness and oedema of the skin,

before it makes its way towards the surface. In the pelvic region

enlargement and suppuration of glands frequently occur, as the
result of products absorbed from an inflamed uterus.

In all cases, the first efforts of the surgeon must be directed to the

treatment of the primary focus, if it can be detected ; the part must
be cleansed and, if necessary, scraped, and lotions of perchloride of

mercury, carbolic acid, or other antiseptic applied. Before suppuration

has taken place, the pain and swelling of the glands will be greatly

relieved by warm lead and opium lotions, or by hot boracic fomenta-

tions, and in the less acute forms by the application of glycerine of

belladonna. When suppuration is manifestly present, no time should

be lost in giving exit to the pus, even if this involves a somewhat
deep dissection. The surface of the gland must be exposed, the capsule

incised, and a pair of dressing forceps inserted and opened. If the

substance of the gland be much destroyed, all necrosed tissue should

be removed with a sharp spoon, and a drainage-tube inserted for two
or three days. The parts must be thoroughly syringed with an anti-

septic solution and dusted with iodoform powder or scrubbed with

iodoform emulsion. If only one gland has suppurated, those in its

neighbourhood will subside. In the case of chronic enlargement,

the removal of the gland 2?ay be necessary, on account of its un-

sightliness or its tendency to recurrent inflammations. This

involves a careful dissection, and must be performed without

rupture of the capsule, the gland being cleared from its surroundings

by the fingers or by blunt instruments.

Tuberculous lymphadenitis. Pathology. — Tuberculous

glands may occur in any part of the body, but are far most frequently

met with in the glands of the neck, the mediastinum and the mesen-

tery ; this frequency, as pointed out by Mr. Treves, being due to

the extensive collections of adenoid tissue in the mucous membranes
from which these glands derive their lymphatic supply. It occurs

generally in individuals predisposed by heredity or .other causes tG

the tuberculous diathesis, and is much more frequent in the young,

though occasionally seen as senile scrofula in persons between seventy

and eighty. The bacillus absorbed from the surface of a mucous
membrane is conveyed by the lymphatics to a gland where it finds

a suitable nidus and develops the tubercle, which is surrounded by
an area of inflammation, and passes through all the various stages of

the disease which are seen to occur in other tissues. {See page

340.) The condition may be confined to a single gland, or may
be disseminated over many in the neighbourhood, or even throughout

the body. The further changes are characterised by a fatty meta-

morphosis, which converts the substance of the gland into a whitish

caseous material, often mingled with thick curdy pus, and contained

within a thickened capsule. This pus, gradually accumulating,
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eventually makes its way towards the surface and involves the

superjacent skin, which becomes thinner and redder till it gives way
and allows the matter to be discharged. The discharge is usually

thin and serous, mixed with some of the caseous material. The
sinus thus formed has a characteristic appearance : its margins are

surrounded by cedematous granulations, and it leads to the broken-

down structure of the gland often at a considerable depth. This
may be found in some instances entirely destroyed, but more often

exhibits in its various loculi all the stages through which it has passed.

The surrounding tissues are not infiltrated. The granulations of the

gland and of the sinus are often infected with bacilli, and in scraping

these abscesses all granulations must therefore be destroyed, as well

as the walls containing them.

The cicatrisation of the sinuses and cavities, if not freely dealt

with by the surgeon, leads to a peculiarly disfiguring and characteristic

form of scar. The cicatrix is often adherent to the deeper parts

and, therefore, depressed, or it will present ridges of skin with small

processes and deep furrows.

Sysnptoms.—With regard to the clinical features of this

affection, the enlargement is generally insidious and painless, and
progresses but slowly at first. The involved glands are in the

early condition freely movable, but with their increase in size

the surrounding parts become involved in a periadenitis, and the

gland becomes adherent. Their increase in size and the rate of

implication of neighbouring glands are very irregular ; but large

masses of glands will often be found aggregated and in various stages

of the morbid condition, and will often, by their pressure, cause

serious complications, in the shape of oedema, dyspnoea, or dysphagia.

When one gland has discharged or has been opened by the surgeon,

the others may subside and become quiescent. Even when pus has
formed, it may become inspissated, or there may remain a focus of

caseous material, round which the gland shrinks, or the whole may be

converted into a calcareous mass. Even after many years, however,
such glands are liable to recurrent attacks of inflammation.

Trcatumefiito— In the treatment of these cases, local must be
combined with constitutional remedies. The source of irritation must,

if possible, be ascertained, and inflamed or ulcerated surfaces must be
scooped or swabbed with an antiseptic; carious teeth must be removed,
and enlarged tonsils excised. In delicate patients the least decline in

health induces a fresh enlargement of glands which have once been
inflamed. Whenever pain or swelling occurs, warmth, as applied in

hot fomentations or warm lead and opium lotions, affords greatest

relief, and protection should be continued by surrounding the part

with flannel or cotton-wool. Where enlargement remains in a passive

state, and there is no evidence of the presence of suppuration, it may
be diminished by careful rubbing with the iodide of lead ointment

;

but the application of tinctura iodi is to be condemned, as also the in-

jection of anything like carbolic acid or tincture of iodine into the sub-

stance of the gland. When permanent enlargement has taken place,
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or the size of the swelling appears to be on the increase, and when it

has not acquired very firm connection with other parts, by far the most
satisfactory results are gained by dissecting out the entire gland and
its capsule. Often this can be effected through a very small incision,

and at the same time other glands which threaten to follow the same
course can be removed through the same wound. Care must be

taken to tear the gland from its surroundings, and the free use of

any sharp instrument should be avoided, on account of the importance

and size of the vessels in the parts where such glands are most fre-

quently situated, and the difficulty of restraining haemorrhage in the

deep wound that is left. If possible, the gland should be removed
entire, without rupture of its capsule ; but if this be found impossible

on account of its close connection with surrounding parts or the

fluid nature of its contents, the fibrous capsule must be opened and
the cavity freely cleared by means of a sharp spoon, and the interior

must be wiped out with a solution of chloride of zinc (gr. 20 ad ^j),

and if necessary, a drainage-tube inserted for a day or two. But this

should be avoided, if possible, and stitches must not be used unless

absolutely necessary, though both may be required when the gland

is situated beneath the deep fascia ; and horse-hair or silkworm gut

is the best material. At the same time, any neighbouring glands

which can be seen should be punctured, and, if necessary, dealt with

in a similar manner. When suppuration is evident, and before the

skin becomes involved, it is better to make an incision directly into

the gland, and to evacuate its contents thoroughly by means of the

spoon, and after swabbing with chloride of zinc solution or iodoform

emulsion, to drain for a short period. Others prefer to puncture
with the fine point of a thermo-cautery at a bright red heat, which

should be passed in several directions into the substance of the gland.

After any of these operations, the parts must be kept at absolute

rest ; and in the case of the neck, this may render necessary the ap-

plication of a stock made of guttapercha or ©f poroplastic felt, such

as is used in cases of cervical caries. The great object to be kept in

view is the avoidance of sinuses and the formation of those ugly

cicatrices which are characteristic of long suppuration from this

cause, and this is best secured by providing complete immobility of

the parts concerned.

The constitutional treatment consists in cai'eful dieting and regu-

lation of the digestive organs. Cod-liver oil, especially during the

winter months, must be given for long periods, and it may be asso-

ciated with some preparation of iron or of cinchona, with a mineral

acid or strychnia. Sea air, particularly that of the east coast of

England, works wonders for the generality of these patients ; but it

must be continued for long periods and repeated for several years,

while at the same time every opportunity for out-door exercise must

be given where possible. (See page 359.)

Hypertrophy and atrophy of glands.—The lymphatic glands

even in health vaiy greatly in size, being proportionately larger in

children and of greater size in adults than in old age. They are
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small in thin, wiry persons, and large in individuals of soft fibre.

In emaciation from any cause the glands waste, but the transition

between indolent enlargement, due to a condition of the tissues from
which the lymphatic vessels arise and a morbid change, is often

imperceptible. In cases of prolonged suppuration amyloid degenera-

tion is not infrequent, and commences with a hyaline thickening of

the reticular trabecular, and as this increases the lymphoid corpuscles

diminish. The follicles of the lymphatics are often stained by the

retention of foreign matters conveyed to them through the lympha-
tics. This is most frequently observed in the bronchial glands

through the deposit of matters inhaled with the air, and varies with

the occupation of the patient. If the substance be large in amount,

Fig. 189.—Mass of Lymphadenoinatous Glands from the Axilla. (Lancereaux.)

it leads to shrinking of the gland, through increase of fibrous tissue

and proportionate discoloration of the reticulum.

The disease first described by Dr. Hodgkin under the title of

Lymphadenoma as a painless hypertrophy of lymphatic glands, more
commonly occurring in the neck, but often in other and sometimes

in many regions, may be to a certain extent subdivided ; but the

characteristics first pointed out by Dr. Hodgkin are more or less

common to all forms. The enlarged glands increase gradually,

though intermittently and without pain. They never suppurate.

At first the glands are separate and distinct, but later they may
become confluent, and form large lobulatecl masses, and may be
followed by lymphatic growths in various organs, particularly the

spleen. Three conditions may be described.

(1) Lymphoma.—In simple lymphoma, unassociated with any
diathesis, a gland usually in the neck, but often in the groin or axilla,

or other parts of the body, enlarges gradually and painlessly, without
signs of inflammation. Sometimes this may appear to arise as the

result of irritation ; but on removal of the cause the increase of size

continues. The health is not affected, though one or two neighbouring

glands may be implicated, and may unite to form a lobulated tumour.

w
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The surface is smooth and elastic and painless, and they contract no
adhesions. On section, they exhibit a hyperplasia of lymphoid tissue,

in which the trabecular structure disappears, and is replaced by
lymphoid cells, which are identical with the white corpuscles of the

blood ; but their proportion varies considerably with the rate of

growth of the tumour. Under treatment by arsenic, iron, phos-

phorus, and especially sea air, the enlarged glands will often subside

or remain quiescent ; but the enlargement may continue and the

glands fuse together, and cause danger, and even death, by pressure

upon important structures. There is little tendency to degenerative

changes. When single, removal at an early stage may be attempted.

There is no tendency to recurrence.

(2) Lymphadenoma.-Lymphadenoma is a more extensive

development of a like condition, and may or may not be ac-

companied by leukaemia. It is a disease of early life, and more
common in males than females. Beginning usually in the neck,

a whole chain of glands becomes involved, and later the adenoid

tissue throughout the body becomes implicated (Fig. 189). The spleen

is most frequently affected, but the liver, kidneys, intestines, and
many other tissues, including the medulla of bones, may share the

condition. When cut across, the glands present a uniform grey or

yellowish colour. Microscopically, the trabecular structure is found

to have largely disappeared, and to be replaced by lymphoid cells.

In some specimens the reticular and fibrous parts of the glands

preponderate, to the exclusion of the lymphoid tissue, and thus give

a greater firmness and consistence to the tumour. In the viscera the

lymph corpuscles are seen in enormous numbers in the sheaths of

lymphoid tissue, which naturally enclose the vessels, and their

encroachment leads to an atrophy of the natural structures. Death,

when leukaemia is not present, occurs either as a result of pressure

upon important structures or from diarrhoea or dropsy. When
leukaemia accompanies this affection of the glands, the enlargement of

the spleen is very marked, and the blood shows, on examination, a

considerable increase in the proportion of white corpuscles, and

a diminution in the number of red. Anaemia and exhaustion set in

early, and epistaxis or subcutaneous haemorrhages are frequent, and

death occurs early from debility.

In the matter of treatment, operation is of little or no avail, and
reliance must be placed upon iron, arsenic, iodide of potassium, and
change of air.

(3) Lymphosarcoma.—Sarcoma, usually of the round-celled

variety, occurs rarely in single glands, or in a group of neighbouring

glands, as a primary affection, and quickly invades the surrounding

tissue (page 466). Clinically, it is to be distinguished from the

simpler forms only by its more rapid growth, and by its tendency

to invade the neighbouring parts and to protrude through the skin,

and by the absence of leukaemia. Very early removal may some-

times be warranted, but the progress is generally rapid and the

prospect of cure is hopeless.
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Elephantiasis Arabum, lymph scrotum. Etiology.—in
certain countries, particularly the West Indies, the Brazils, China,

India, and Australia, the lymphatics form the habitat of the embryos
of a mature nematode worm—the filaria sanguinis hominis (see page

331)—and, by setting up inflammation, or otherwise blocking the

circulation, give rise to various diseases. The parasite is introduced

into the human body either by absorption from the surface through

bathing, or by drinking water in which the embryos, freed from the

dead bodies of mosquitoes, which act as intermediary hosts, have
fallen. The female, which has been found in the lymphatics, is a fine1

thread-like worm of white colour, from 3|- inches long and yi^ inch

wide. It is viviparous, the embryos measuring -^ to
3

* of an inch,

enclosed in a delicate sheath, and when freshly removed exhibit lively

eel-like movements, and when searched for at night about 10 to 100 can

be counted on a slide. (See Fig. 59.) If looked for during the daytime,

few or none can be detected, the cause of their disappearance being a

matter of dispute. Dr. Manson's view as to the causation of stasis in

the lymphatics is that the parent filarise occupy the lymphatics ; and
if the lymph channel be free, the embryo will be carried with the blood

without necessarily causing disease. But if the lymph channel be
obstructed, the embryo will be confined to the distal branches of the

occluded lymphatic. He further believes that aborted ova escaping

from the female, being too large to pass through the lymph glands,

act as emboli, and cause stasis of lymph, this condition spreading

backwards until the whole of the glands connected with the vessel

into which the female ejects her ova are obstructed, Dr. Stephen
Mackenzie, who has minutely studied the subject, suggests that

the presence of the parent worm alone may be sufficient to cause

inflammation and obstruction, just as any condition which causes

mechanical obstruction of the lymphatics may produce, as it does,

all those conditions which are found to co-exist with the presence

of filarise.

Symptoms.—The leading clinical phenomena are (1) Ghyhiria,
in which the urine is noticed to have a heavy milky appear-

ance, due to the admixture of chyle, and sometimes of blood,

and emits a heavy urinous odour. After standing, it coagulates into

a reddish jelly, which, on examination by the microscope, shows
quantities of minute granules of fatty matter, together with crystals

of urinary salts, epithelium, and embryo filarise in a more or less

moribund condition. This admixture of chyle is due to a distended

or varicose condition of the lymphatics, brought about by the presence

of these parasites, and leading to exudation of chyle, or to a fistulous

communication between the lacteals and lymphatics in the lumbar
region, the pelvis of the kidney, the ureter, or bladder. Similar com-
munications and results may be produced by the pressure of tumours
on the thoracic duct or lacteals, when the urine presents similar

appearances, but without the presence of filaria?. The peritoneum
and the tunica vaginalis are the seats of chylous effusions, due to a
similar cause (fatty or chylous hydrocele). Varicose groin glands is

w 2
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the name given by Dr. Manson to a condition in which both groins

are occupied by large obscurely lobulated swellings, which to the

touch feel boggy, doughy, semi-fluc-

tuating, with here and there a firmer

kernel-like lump, from Avhich a needle

will extract chylous or Jymphous fluid.

These are due to filarial obstruction of

the thoracic duct.

(2) Lymph scrotum—elephantiasis

scroti — results from the plugging

of the upper group of the super-

ficial inguinal glands if anastomosis is

not established. It attacks Euro-

peans, but is much more frequent

among native races. The condition

commences by an attack of inflamma-
tion, accompanied with elephanloid

fever (Fayrer), which differs from the

fever of malaria in the irregularity of

the attacks, and in the greater length

both of the febrile paroxysm and of

the intervals. This is followed by a
discharge of lymphous or chylous fluid,

which recurs at intervals. The scrotum
is red and enlarged, and its surface

vesicles,

sanguino-

which

Fig. 190.—Lymph Scrotum.
(Maiisou.)

covered with herpes-like

from which a milky or

lent fluid escapes, and in

almost invariably living filarise are

to be detected. These conditions

continuing, the skin of the scrotum
and penis becomes rough and coarse,

and gradually the parts attain enor-

mous size, until the scrotum reaches

a weight of 10, 20, or 30 lbs., whilst

masses weighing 110, 140, and even

224 lbs. have been recorded. The
tumour is pear-shaped, with its nar-

rowest part at the pubic and perineal

attachments. The testes are dragged

down and are found at the back part,

considerably below the middle of the

tumour. The penis is to be distin-

guished at the upper part of the neck

of the mass at the extremity of a

tunnel formed by the hypertrophied

skin of the penis and prepuce (Fig.

!90). The weight of the tumour draws down the skin of the abdomen
and alters its form. The discharge from the varicose lymphatics'

Fig-. 191. — Elephantiasis of the
Extremities. (Manson.)
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forms crusts upon the surface, and sores and ulcerations are

numerous where these are removed. A similar condition affects the

external genitals of females.

(3) Elephantiasis Arabum sometimes affects the upper, but much
more frequently the lower, extremities. It commences with attacks of

lymphangitis, accompanied with elephantoid fever, of which relapses

take place at irregular intervals. Each attack leaves the part more
enlarged, until the ankle measures as much as 24 inches, or, on an
average of 340 cases, 11 inches in circumference. The hypertrophy
exists principally in the skin and subcutaneous tissue, the fascia, and
periosteum ; the muscles are wasted, the lymphatic trunks much
enlarged and distended, the glands swollen and dense (Fig. 191).

Both in the scrotum and in the leg the morbid tissues are seen to

consist of two parts :
" the hypertrophied layer of the skin and more

superficial layers of the subcutaneous tissues, and an inner layer ofloose

blubber-like, dropsical, yellowish connective tissue—the hypertrophied

subcutaneous fascia." The epidermis is greatly thickened in some
places, hardly affected in others. The blood-vessels are very
numerous and of large size, the lymphatic channels fairly numerous
and of considerable diameter.

Treatment.—In the treatment of both these conditions, drugs,

except quinine in case of malarial complications, are of no service.

Lymphangitis must be treated on general principles. In elephantiasis

of the leg, Martin's bandage is successful in the prevention of hyper-

trophy. Chyluria may be modified by rest and careful dieting.

Removal of the enlarged scrotum is justifiable on account of the

deformity and inconvenience, the sexual disability, and the impair-

ment of general health which ensues from the recurrent attacks of

pyrexia, which are undoubtedly diminished by removal of the tumour.
In undertaking the operation, the tumour must, by elevation and
bandaging, be emptied as far as possible of blood, and the restraint

of haemorrhage during the operation is best effected by means of an
elastic cord which embraces the neck of the tumour. All diseased

tissue, both of the penis and scrotum, must be removed, the testes

must be secured in position, and every precaution taken to keep

the wound aseptic. The successful results which follow this appa-

rently formidable undertaking are remarkable.*

Secondary implication Of glands.—Sarcoma rarely, but car-

cinoma very generally, implicates the lymphatic glands, the frequency

very largely depending upon the site and nature of the original

tumour. In cancer, the affection of the gland differs in no respect

from that of the primary growth, and the series of changes which
take place are of a similar character, and through the lymphatic

system the growth may be disseminated throughout the body. The
cancer cells are conveyed by the lymphatics to the gland and

* The fullest and most complete account of these diseases is to be found in Dr.

Patrick Manson's article in Davidson's "Hygiene and Diseases of Warm Climates,"
to which I am largely indebted for this brief account and for the use here of

Figs. 190 and 191.
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germinate in the sinuses, and the stroma of the tumour is developed

from the lymphadenoid tissue. {See pages 4S0 and 485.)

Congenital defects of the lymphatics.—Certain congenital

defects of the lymphatics give rise to tumours which, though

not noticed at birth, make their appearance soon after. Fore-

most amongst these is congenital cystic hygroma, which

occurs most frequently in the neck (hydrocele of the neck), in the

axilla, on the back, and occasionally in the region of the kidney. It

is very rarely,

but sometimes,

seen in the limbs.

„«._ It consists of an
aggregation of

numerous cysts,

which spring, in

the neck, from
beneath the deep

cervical fascia,

and presents on
either side of the

sterno-mastoid at

any point between
the clavicle and
the mastoid pro-

cess. (See Art.

XLIIL, on In-

juries and Dis-

eases OF THE
Neck, Vol. II.)

When occurring

beneath the lower

jaw, they consti-

tute a form of

ranula. (See Art.

XLY., on Af-
fections of THE
Mouth, Palate,
Tongue, and Ton-

sil, Yol. II.) (The connection of these cysts with the branchial clefts

is alluded to on page 490.) In size the cysts vary from that of a pea

to that of an orange, or even larger, and their increase is capricious,

the whole mass often attaining very large proportions. They distend

the superficial skin so that their shape, and even contents, may be

seen on the surface. Prolongations often extend down into the thorax,

and any increase in this direction may produce fatal effects from pres-

sure. On dissection they are found to be composed of innumerable

cysts, formed by the dilatation of lymph spaces, with walls formed by
areolar tissue, and lined by a single layer of endothelial cells. The
size and contents of the component cysts vary greatly both as to

Fig. 192.—Congenital Dilatation of the Lymphatics of the
Tongue. Lymphangeioina cavernosuni. (From a patient in
the London Hospital.)
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colour and consistence, the walls of some being thin and con-

taining clear serum, others being surrounded by hypertrophied
connective tissue, and containing dark blood-stained serum, in

which masses of lymph coagula lie free. The lymphatic glands

are not enlarged, but the vessels and nerves are surrounded by
the tumour. Erom fatty tumours they may be distinguished by
their congenital origin, and from large venous neevi by their not
diminishing under compression. Occasionally, single cysts of a
similar character arise in adults, and are most usually met with in

the neck or axilla.

"When single, these cysts may be treated successfully by tapping,

and subsequent injection of tinctura iodi or Morton's fluid ; but when
multiple, their treatment is made difficult by the proneness of this

tissue to acute and extensive inflammation, which is often alarming

ill its extent and severity. The introduction of setons has, notwith-

standing, been satisfactory in many instances. On the whole, the

ablation of the entire or major portion of the tumour is to be advised;

and although even under antiseptic precautions considerable inflam-

mation of the neighbouring parts will ensue, the result after a while

is satisfactory, the parts not removed shrinking and the skin

contracting over them.

JTIacvoglossia. is due to a congenital defect in the lymphatic
vessels oi the tongue, which does not, however, always show its

results at birth, but which leads to hypertrophy of the tongue
and of all its component tissues. (See Art. XLV., on Affections
of the Mouth, Palate, Tongue, and Tonsil, Vol. II.) Other
names have been given to the condition, such as lingua vitulina

or propendula ; but the pathological condition is expressed by
the term given by Virchow— " lymphangeioma cavernosum."

As a result of the pressure of the lower incisors in the act

of sucking, or following a bite during a fit (these patients are

frequently epileptic), or from some slight injury, the tongue becomes
inflamed, and the consequent enlargement does not subside, and re-

current attacks of inflammation leave it still further increased in

size, until it attains such proportions that it may measure 6^ inches

along the dorsum beyond the upper lip, and 10 inches in circumfer-

ence at its base. As a result of exposure, the surface becomes dry,

brown, and is covered with fissures and small ulcerations ; the

papillse are enormously swollen and covered with a crust of epithelial

debris ; the veins on the under surface are large and tortuous and
unevenly dilated. The muscular tissue is not increased, but the

fibrous elements are dense and firm, and are infiltrated with leu-

cocytes, while the lymphatics are dilated and varicose.

In some cases the hypertrophy of the tongue is not so marked,
but the surface of the organ is covered over with minute translucent

or semi-opaque blebs or vesicles. These, if pricked, give issue to a

clear fluid. Fig. 192 shows this condition. The patient was a

man of twenty-five, who had been the subject of the condition

described since boyhood. There was often a copious discharge of
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lymph from the surface of the tongue, which was often the seat of

a painful but superficial inflammation.

Compression by means of isinglass plaster, beneath which are

strips of calico steeped in alum or tannin, has in some instances

effected a cure, but is difficult of application. The best result is

obtained by the removal with scissors of a V-shaped portion from
the extremity of the tongue, and uniting the parts thus separated

with deep sutures of silver wire or silkworm gut. These should be

removed before suppuration occui*s. The bleeding is seldom trouble-

some and can be easily restrained by ligatures.

Macrocheilia, or congenital hypertrophy of the lip, is due to a

similar cause. The lip and cheek are greatly enlarged and continue

to increase with the growth of the patient. The swelling is firm

and is not compressible, but its resemblance to a nsevoid swelling is

very intimate in consequence of the veins partaking of the varicose

condition which affects the lymphatic tissues. Excision of the whole

or of a large poi'tion of the mass is the only remedy and can be

performed without much haemorrhage. (See Art. XLV., on Affec-
tions of the Mouth, Palate, and Tongue, Vol. II.)
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PART I. INJURIES.

I. THE SECTION OF A NERVE.

The effects Of section Of a nerve are much greater in pro-

portion to the size of the part injured than are the effects of injury

to most of the other tissues of the body. Not only do changes ensue
in the divided nerve itself, but the various parts to which it is dis-

tributed also undergo structural and functional alterations, which, in

turn, give rise to the most diverse pathological conditions. It is

necessary, therefore, before describing the clinical symptoms and
the treatment of nerve injury, to consider in detail the results of

section of a mixed nerve.

1. Changes in tiie nerve itself.—After section, the whole
of the peripheral portion undergoes degenerative changes in its entire

length and distribution, and it has been experimentally demonstrated
that this degeneration is due to the separation of the motor fibres

from the large nerve cells in the anterior cornua of the spinal cord,

and of the sensory fibres from the similar cells in the ganglion on the

posterior root, these ganglion cells constituting the trophic centres

for the fibres which originate in connection with them. The first

and most evident alteration in the degenerating nei-ve is seen in the

white substance of Schwann, which becomes broken up and forms

globules of varying size within its sheath. This change is seen

within the first four or five days, and the disintegration thus early

commenced continues with such rapidity that in the course of four or

five weeks the whole of the myelin has been destroyed. The de-

generative changes are not, however, limited to the myelin ; they

affect also the axis cylinders, which split longitudinally into nume-
rous fibrils, and completely disintegrate even more rapidly than does

the myelin itself. In this way the whole of the axis cylinders and

their white myelin sheath are completely destroyed, and the peri-

pheral end of the severed nerve after a few weeks consists only of

w *
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the perineurium and the endoneuriura, with the sheath of Schwann

.

structures which are chiefly fibrous and incapable of conducting

nervous impulses. A nerve which has undergone these changes is

shrunk to about half its natural size, and is not so white and trans-

lucent in appearance as is a healthy nerve. The changes which
occur in the part of the nerve above the seat of section are of much
less extent, being practically limited to the part immediately above
it. Here there is formed, within three or four weeks, an oval swell-

ing about twice the size of the nerve itself, and commonly spoken
of as the " bulb." It is much harder than the nerve above it and,

on section, looks dense and fibrous. Under the microscope it is

seen to consist of numerous small nerve-fibres, which are probably

of new formation, embedded in fibrous tissue. No other alteration

occurs in that part of the nerve which is between the bulb and the

spinal cord, with the exception of some slow atrophic change, which
causes, after some years, a general shrinkage of the whole trunk,

and only ensues when from some cause union of the severed nerve

has not taken place.

2. Trophic and degenerative lesions.—It has been al-

ready mentioned that the parts which are cut off from their nerve

supply undergo certain changes, and it is necessary to describe these

in some detail, as a proper appreciation of them not only explains

many of the symptoms of nerve injuries, but also supplies informa-

tion as to their proper treatment.

The muscles supplied by the severed nerve are at once paralysed,

and within a few days begin to show evidence of atrophy and of

degeneration. The atrophy is much more than can be accounted for

by simple want of use and is infinitely more rapid and complete.

It is accompanied by degenerative changes in the muscle fibres them-
selves, which result in the development of fat granules in the sarco-

lemma and the disappearance of the muscular fibres. Within a few
months the muscular tissue is practically destroyed ; and not only

does the affected muscle diminish in bulk, it also becomes shrunken
in length and may, by its shrinking, cause interference with the

movements of neighbouring joints. A muscle so altered is much
paler than natural and much more fibrous in appearance.

The skin is liable to be altered in various ways. It usually

becomes smoother than is natural and occasionally, in addition,

shiny and glistening, the papillae appearing to be smoothed out.

Eruptions of eczema, herpes, or acne may result and occasionally

ulcers appear in the anaesthetic area. These are frequently due to

injury of some kind or another, which, on account of its painlessness,

has passed unnoticed by the patient. Thus, an anaesthetic finger may
be burnt or cut without the knowledge of the patient, and the result-

ing sore is slow to heal, partly because of the deficient nerve supply,

and partly also because, on account of its painlessness, the part is

often insufficiently protected. More rarely nerve injuries are followed

by gangrene of the pulps of the fingers or toes and occasionally of a

whole digit. Painless whitlows, with superficial collections of pus,



SECTION OF A NERVE. 683

sometimes develop, and from these a slow form of ulceration occasion-

ally extends.

The hair of the affected area often falls out and in other cases

becomes brittle and stubbly. Microscopically examined, it is seen

that all the glandular tissues of the skin are atrophied and that the

papilke are so shrunk as to be practically obliterated. A section of

skin so altered is more like the section of a scar.

The nails, as might be expected, share in the trophic changes of

the skin. They may merely become fibrous and brittle, or may grow-

so as to be excessively curved and talon-like, and present deep
grooves or raised ridges on their surfaces. In other cases they become
loose and are cast off without pain.

The subcutaneous tissue atrophies with the skin.

The joints undergo changes which are apparently chiefly of an
inflammatory nature, those of the fingers being most often and most
characteristically affected. The process is closely allied to that of

rheumatism and may commence within a few days of the nerve
injury, with swelling of the affected articulation, and often with pain

on movement, although the skin may be anaesthetic. There appears

to be at this stage a synovitis, with exudation of plastic lymph and
inflammation of the fibrous capsule. Such changes are very liable to

terminate in the formation of adhesions and the development of a
fibrous anchylosis. When many of the finger joints are affected, the

hand may be crippled by these articular lesions to an extent that can
scarcely be exaggerated.

3. Alteration in temperature.—For the first few days after

nerve section the paralysed parts are flushed with blood, as the result

of section of the vaso-motor filaments ; but whilst this condition is

barely noticeable and the increase in temperature only recognised by
careful investigation, at a later period the paralysed parts become
colder and more bloodless. The loss of temperature is very rapid and
may amount to as much as eight or ten degrees, the coldness being
very noticeable both to the patient and the surgeon. It is probable

that this condition results from vaso-motor spasm, which ensues some
two or three weeks after section and continues so long as the nerve
remains ununited.

Symptoms of section of a nerve.—The two chief symptoms
which indicate at once that one of the nerves of the extremities has
been injured are loss of power and loss of sensation.

l<oss of power.—The muscles supplied by the divided nerve

are immediately paralysed and remain in this condition so long

as the nerve remains ununited. Later, they rapidly waste and
degenerate. This atrophy is much more rapid and complete than can

be accoimted for by inability to use the affected muscles, and pro-

ceeds so quickly that within three or four months but little of the

muscular tissue remains. The atrophy, moreover, affects not only

the bulk of the muscle, but causes it also to shrink in length and,

by so shortening, to interfere with the action of other muscles and to

produce deformity.

w * 2
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If the condition of the paralysed muscle be examined electrically,

further evidence may be obtained, which, in doubtful cases, will

greatly aid diagnosis. Within twenty-four hours of the nerve section

Faradic irritability begins to diminish, and within four or five days is

completely lost, so that even the strongest currents will produce no
contraction. It is pretty certain that this loss of excitability is clue

to the destruction of the motor nerve fibres.

The galvanic current, which acts more directly on the muscle

substance itself, does not at first appear to lose its effect, for during

the two or three days succeeding the injury the galvanic irritability of

the muscles seems to be actually increased. After this time, however,

muscular contractions grow more feeble, and in the course of about

two or three months gradually disappear. It is during this period of

diminishing galvanic irritability that the " reaction of degeneration
"

becomes marked. Normally, the kathodic closure contraction of a

healthy muscle is greater than the anodic closure contraction. After

nerve section, when the muscle is degenerating, the anodic closure

contraction first becomes equal to, and then greater than, the

kathodic : a reaction which indicates degeneration of muscle and
nerve, and is, therefore, named the " reaction of degeneration."

It is strange that after union of a divided nerve has taken place

voluntary power returns many months before the muscles show any
reaction to either the galvanic or Faradic currents.

JLoss of sefiisataosi.—When a nerve containing sensory fibres is

divided, the patient is usually almost at once conscious of the numb-
ness of the skin area supplied by the severed nerve. In those

cases, however, where the nerve lesion is only a small part of a

serious laceration of the limb, the loss of sensation often passes

unnoticed, on account of the pain and shock accompanying such an
accident, and thus, unless sought for, this evidence of nerve injury

may remain unrecognised. In most cases complete anaesthesia of at

least some of the skin results, and this is always the case when a

nerve of considerable size is cut across ; but in those cutaneous areas

where more than one nerve is distributed, as on the ring finger, more
or less sensibility may persist. Even in these cases, however, the

patient is conscious that sensibility is greatly impaired, and although

the sense of touch may be retained to some slight extent, sensibility

to pain and to heat and cold are almost always lost. At the edge

of the affected skin area the line dividing anaesthetic parts from

healthy skin is usually not very sharply marked, and an area of

impaired sensibility is generally to be found.

In testing the amount and extent of the loss of sensation, it is

necessary to be very careful, and the possibility of exciting sensory

impressions through the medium of neighbouring healthy nerves

must always be kept in mind. Thus, if a finger be pressed or

pushed, the patient may perceive, through his " muscular sense,"

that it is being touched ; or if the supposed anaesthetic area is tested

by the surgeon rubbing it with his finger, the vibrations conveyed

to the neighbouring healthy nerves will correctly convey tactile
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sensations. The point of a pencil is as good as anything for testing

the sense of touch and the surgeon should notice not only whether
the patient can feel, but whether he can also correctly localise

his sensations.

But whilst the alteration in sensation and the loss of muscular
power constitute the most important immediate evidence of severe

injury, at a later period the diagnosis is aided by the development of

the various trophic lesions which have been already described ; and
the wasted muscles, the contracted joints, the shiny and stretched

skin, and the coldness of the paralysed parts, all point unmistakably
to the injury that has been sustained.

Union after Section of a nerve.—If the recently severed

ends of a nerve be placed and maintained in apposition, they will

unite. It is probable that in a few exceptional cases this union

may occur without any preceding degeneration of the distal end, such

as has already been described, but it is quite certain that this is not

usually the case and that, even if the cut ends are maintained in

contact, the lower end degenerates before regeneration and repair

result. The union is ultimately brought about by a development of

new axis cylinders from the nuclei of the sheath of Schwann in

both the proximal and peripheral ends, and, subsequent to the for-

mation of these, there is developed a new myelin sheath. The
development of this new nerve tissue requires a great length of time,

and may extend over a period of from six to twelve months before

material improvement is demonstrable, and sometimes requires a

year or two for its completion.

Treatment of a divided nerve. Primary suture.—In all

cases of recent section of a nerve trunk the cut surfaces should be
approximated by suture. On account of the elasticity of the nerves,

there is liable to be much separation of the cut ends, and it is often

necessary to enlarge the wound in order to bring them into view.

If much tearing or bruising has been sustained, it is well to refresh

the cut surfaces ; and it is of the utmost importance in such cases to

take every precaution to render the wound aseptic and to prevent

suppuration. Sutures should always be of some substance which
is capable of undergoing absorption, because such materials as silk

or horse-hair remaining in the nerve trunk are liable to keep up con-

stant pressure on the surrounding tubules, and to cause severe pain.

The best material is, probably, kangaroo tendon, but fine chromic-

ised catgut is very efficient. Small needles should be used and
the sutures should be passed right across the nerve, so as to include

its sheath.

Two such sutures passed at right angles to each other, about one-

eighth of an inch from the cut surfaces, will generally suffice to bring

the ends into good apposition. If it appear necessary, one or two
more fine sutures may be passed, so as to draw the sheath together

at some place where it gapes, but no more sutures than are necessary

to obtain good apposition should be employed, as they only tend to

split up the cut ends. The sutures should only be tied tight enough
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to ensure proper approximation, for if tied very tightly they will

most likely cut their way through almost at once. After suturing

such tendons as may have been divided, the wound must be closed,

and the limb put up in such a position as to ensure, as far as

possible, complete relaxation of the wounded nerve; splints and
bandages should be applied, so as to prevent any sudden stretching

of the wound.
If the wound heal without suppuration, the nerve, if sutured

with the precautions advised, will in time unite ; but, as has already

been said, the evidences of repair may not be demonstrable for many
months. Union is more rapid in the young and in them is also

more perfect. It is seldom that sensation and muscular power are

completely recovered, and even in the best cases there is liable to be
some permanent numbness, so that whilst the part involved is

nowhere anaesthetic, the touch loses its delicacy. In some cases

sensation may return and motion may never be regained ; in others,

whilst motion is restored, the skin remains numbed. In order to

promote union of the divided nerve, as soon as the wound is soundly

healed the paralysed muscles should be daily galvanised and mas-
saged, and the joints should be moved to prevent the formation of

adhesions. It is, further, of the utmost importance that the whole
extremity affected, especially the paralysed part, should be kept warm.
Cold is most harmful, and repair is in many cases apparently more
rapid during the summer than in the winter months.

Secondary suture*—In many cases a surgeon does not have the

opportunity of seeing a patient till some weeks have elapsed since

the injury of a nerve, and if there be then evidence of division of a
nerve trunk, and no attempt at primary suture has been made, it is

necessary to reopen the wound and ascertain the extent of the

injury. In siich a case it is well to wait till a suppurating wound
has healed before undertaking any operation, so as to be able to

operate on aseptic tissues. The incision should be made in the long

axis of the injured nerve, and should be of sufficient length to

enable the latter to be exposed an inch or more above and below the

seat of injury. It is much easier to find the nerve ends in this way
than by simply cutting into the scar where the various injured

tissues are matted so as to make it difficult to distinguish them from

each other. Having thus found the injured nerve above and below
the scar, it is necessary to dissect the ends from the fibrous tissue

which binds them down. A fresh section of each must then be cut.

In the lower end as little as possible should be removed, for no good
results from cutting away any considerable length, the whole peri-

pheral end being all equally atrophied. As regards the upper end,

the section should be carried through the upper part of the "bulb";
but the whole of the latter need not be resected. If the nerve seems

much shortened, the ends may be stretched before sutures are inserted.

The latter should be of the same material, and passed in the same way
as has been described in the account of primary suture.

Punctured wounds and partial division of nerves.—-
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Punctured wounds of sensory nerves are sometimes followed by
severe pain and hyperesthesia of the skin area supplied by the

injured trunk. The pain is, in turn, sometimes accompanied by
muscular spasm, and is made worse by movement. These conditions

apparently result from some neuritis set up at the seat of injury,

and should be treated by complete rest and the local application of

anodynes, such as belladonna or opium. If these fail to relieve,

small blisters to the hyperesthetic parts are often successful.

In recent cases of partial division, when the patient is seen at

once, it is advisable to suture the severed parts of the nerve trunk in

the way already described. If, however, the patient be not seen until

the wound is healed, the treatment adopted must depend on the

extent of the loss of sensation and muscular power. If this be con-

siderable, the injured nerve should be exposed, and, after separation

from the surrounding scar, the extent of the injury must be carefully

ascertained. If it appear that the nerve has been practically divided,

the injured portion should be resected and the ends sutured ; but if

it seem that the symptoms are rather due to scar pressure, then the

surgeon should be content, with freeing the trunk. Cases of partial

section, when seen at once, generally do very well, because the part

of the trunk which remains intact prevents any more separation of

the cut fibres.

II. CONTUSION OF A NERVE
A severe contusion of a nerve may be followed by all the symptoms

of complete section. Slighter injuries cause a greater loss of motion
than of sensation, and muscles may be quite paralysed whilst the

sense of touch is but little impaired. The treatment of these cases

depends on the severity of the symptoms and the amount of time

that has elapsed since the injury. In all recent cases no operation

should be undertaken, because a very large number of patients

recover without any surgical interference. Again, if there be evidence

that the nerve trunk is capable of conveying sensory impressions

and that the muscles are not all paralysed, then the prognosis is that

with rest, massage, and galvanism a good result will be obtained. On
the other hand, if, after six or eight weeks, there be complete loss of

sensation and of motor power, the injured trunk should be exposed

and examined, for it may be that it has been torn across or divided

by being crushed against a bone. In such cases resection of the

injured part and suture of the ends would be required.

III. NERVE GRAFTING.

Cases occasionally occur in which a considerable portion of a

nerve trunk has been destroyed, and in which it is evident that the

separated ends are too far apart for the application of sutures. In
several such instances a portion of nerve has been successfully trans-

planted between the severed ends, after separating the latter from

the scar tissue surrounding them, and refreshing them. The nerve
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transplanted may either be taken from a recently killed animal, such

as a rabbit, or from a freshly amputated limb. In either case it should

be removed immediately before it is required, and should be placed in

warm sterilised water (or in normal salt solution) pending its inser-

tion into its new bed. Care should be taken that a sufficient length

is cut to prevent any tension in suturing it in position ; and, in

removing the nerve from the animal or limb from which it is taken,

all pinching or holding with forceps should be avoided.

IV. PRESSURE ON A NERVE.

Nerves may be compressed in the most various ways. Tims,

tumours, and especially malignant ones, may involve the neighbouring

nerve trunks, or may become adherent to the nerves. The brachial

plexus is often thus involved in the axilla in cases of recurrent

carcinoma of the breast. In other cases nerves are involved in

inflammatory swellings

—

e.g. in inflamed glands of the neck—and
more often are compressed by scars resulting from wounds of struc-

tures near to the nerve trunks in the upper extremity. In other

cases, again, as in deep-seated pelvic or gluteal suppuration, the

neighbouring nerves may be compressed by abscesses. Dislocated or

fractured bones may also cause pressure. In another class of cases,

nerves are compressed by external objects, such as by crutches or by
some implement used in work, whilst paralysis from pressure on the

nerves of the arm during heavy sleep—especially in drunken sleep

—

is tolerably common.
In most of these cases the pressure is gradual and its effects are

only slowly developed. The first symptoms are commonly numbing
and tingling pains, with sensations of " pins and needles " in the peri-

pheral parts, and these arc succeeded by a slowly developing and
seldom complete anaesthesia. The evidence of pressure on the motor
nerve fibres is supplied by feebleness of muscle, with some tremor,

and subsequently by complete paralysis. Thus, in crutch palsy,

which is due to pressure of the crutches on the axillary nerves in a

patient unused to their management, there is some numbness of

the hand and fore-arm, with tingling, and subsequently loss of power
in the extensors of the fore-arm, with " wrist di'op." These symptoms
are due to the compression of the musculo-spiral nerve against the

humerus, this trunk being the most easily affected, on account of its

proximity to the bone. In other examples, and especially in cases

where there is some neighbouring inflammation, severe pain is the

chief symptom, and many cases of so-called " sciatica " prove to be

due to pressure on the sciatic nerve by an abscess or a pelvic tumour.

Trophic lesions are more rarely developed and are usually of late

onset.

Pressure by the contraction of scars is of sufficiently frequent

occurrence to merit special mention. In some cases merely the

terminations of sensory nerves are so included, but the results are

far more widespread than might be thought. The scar is often
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exquisitely tender and the least touch of it is liable to produce muscular
spasm. Occasionally there result spasm and rigidity of many of the

muscles of the affected limb. The implication of nerve trunks in

scar tissue causes an interference with the function of the nerve pro-

portionate to the amount of pressure exercised. Pain is not so

prominent a feature as in cases of implication of sensory nerve twigs.

The treatment of pressure on a nerve is to remove the cause.

Thus, tumours may be removed, crutches given up for a time, and
painful scars excised. If a nerve trank be compressed by scar tissue,

it should be dissected from it and then thoroughly stretched. The
paralysis and loss of sensation resulting from pressure are best

treated, after removal of the cause, by galvanism and massage.

V. INJURIES OF NERVES COMPLICATING FRACTURES
AND DISLOCATIONS.

In fractures.—Considering the frequency of fractures, nerves

are but seldom injured at the time a bone is broken. They may,
however, suffer in one of two ways. First, they may be torn at the

time of the accident ; or, secondly, they may be subsequently com-
pressed by callus. In the first case the symptoms of loss of power
and of sensation supervene at once ; in the second case their onset is

gradual. Nerves lying close to bones are those most likely to be in-

volved, the musculo-spiral being probably more often injured than
any other. In many cases the nerve injury is overlooked in the face

of the more evident lesion, and the subsequent splinting and bandag-
ing of the limb frequently prevent a patient from having any clear

idea of the condition of his sense of touch and of muscular power. It

is often only when splints are removed that the symptoms of nerve

injury are first noticed. (See Art. XXIX., on Injuries of Bones,
page 789.)

Treatment.—Considering that mere contusion or stretching of a

nerve may also cause a complete, though transient, paralysis, it is

evidently not advisable to undertake any operation at the time of

injury ; and, again, when the symptoms have only slowly developed

and are apparently the result of callus pressure, time should be

allowed for the provisional callus to be absorbed before concluding

that surgical interference is necessary. When, however, the surgeon

is convinced that no improvement is to be expected, he should expose

the nerve at the seat of fracture and, if he finds it torn, should suture

it. In other cases excessive callus must be cut away, and occa-

sionally displaced fragments of comminuted bone must be excised.

Sometimes paralysis of a nerve trunk seems to result from a faulty

position of the bones after the fracture has been set ; in such cases

re-fracture and re-position of the fragments may give good results.

In dislocations.—It is only in certain dislocations that injuries

of the nerves occur with any frequency, such complications being

most common in the case of the shoulder, and after that in dis-

locations of the elbow. In each case the nerves may be either torn
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by the displaced bone, or may be so stretched that their fibres are

lacerated.

In the dislocations of the shoulder joint, any of the cords of the

brachial plexus may be torn, or the circumflex alone may be contused

and stretched by the downward displacement of the humerus. Rup-
ture of the plexus in the neck or tearing out of the roots from
their insertion into the spinal cord may also result. Of these

conditions, mere contusion and stretching are fortunately the most
common, and in such cases it is generally evident that there is no
paralysis of any one nerve, but rather a partial loss of sensation and
a want of power, without absolute muscular paralysis.

In rupture of the brachial plexus, however, there is usually a

very widespread paralysis; and when an opportunity of examining
such cases has been afforded, it has generally been found that the

roots are torn out from the spinal cord instead of the cords them-

selves being lacerated. The extent of the paralysis will depend on
the number of nerve roots so involved, but in almost any case it is

noticeable that such muscles as the supraspinatus, the rhomboids, and
other scapular muscles are paralysed, which could not be affected

if the lesion were in the axllia. In these cases also of tearing out

of the roots, the motor nerves for the dilator fibres of the iris, which
pass from the cervical cord to the sympathetic trunk, are usually

involved, and thus the pupil on the affected side is smaller than
its fellow and does not actively dilate in dim lights.

PART II. DISEASES.

I NEURALGIA.

Neuralgia may be shortly defined as local pain without local

signs of inflammation or disease. In many cases there is no definite

cause, but such general conditions as anaemia and feeble health

appear to account for a large proportion of these cases. Other more
definite constitutional conditions, such as gout and rheumatism,
appear to act as predisposing causes in many patients, whilst

malarial fevers of any kind and influenza may be cited as acquired

diseases, which directly cause neuralgia in a large proportion of those

who suffer from them.

Causes.—The chief exciting causes are : (1) exposure to cold
;

(2) pressure on or irritation of nerve trunks
; (3) peripheral irri-

tation
; (4) irritation or disease of the central nervous system.

It appears probable that cold acts by causing inflammation of

the nerve sheath, but from a surgical point of view, neuralgia

caused by pressure is of more interest and importance. It has

ah'eady been pointed out, in dealing with pressure upon nerves, that

loss of power and of sensation may be caused thereby, but pain also

may be very severe. Thus, the neuralgic pains caused by the

pressure of thoracic aneurysm on the intercostal nerves may be a
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prominent symptom of an obscure affection, and, in the case of

intra-pelvic tumours, pain in the course of individual nerves may be
very severe. In any case of persistent pain in the course of one of

the nerve trunks of the limbs, a careful examination should always
be made to ascertain if there is any pressure cause which can be
discovered.

Neuralgia caused by peripheral irritation is well illustrated in

the case of facial neuralgia due to a carious tooth ; and the pain felt

in the testis as a result of renal calculus affords another well

recognised example of the same kind. The peripheral pains due to

disease of the spinal cord are unfortunately common in tabes dorsalis,

and severe neuralgic pain is also of common occurrence in cases of

spinal caries ; in many of the latter the pain felt in the chest and
stomach is much more severe than that in the back.

The pain Of neuralgia.—The pain of neuralgia is localised,

more or less accurately, to the area supplied by a certain nerve or

nerves. It is usually of a darting or shooting character, and radiates

from a central point. Pressure upon the spot where the affected

nerve emerges from a bony canal or from beneath the fascia frequently

intensifies the pain.

Epileptiform neuralgia is a very severe variety of this affec-

tion. It almost invariably attacks the face, and may follow the

course of any one or of all the branches of the fifth pair of nerves.

Two varieties are described. In the one the pain is accompanied by
spasm, and twitching of the facial muscles ; in the other there is no
accompanying spasm. This form of neuralgia does not appear to be
associated with any condition of ill-health, and occurs in perfectly

healthy people of all ages. Fortunately, it is a rare affection. The
attacks are intermittent, sometimes lasting for only a few daj^s.

They may extend over many weeks or months, and the intervals

between the attacks may be weeks, months, or even years. The
paroxysms of pain have usually a very sudden onset. Their duration

varies from a few seconds to half a minute, seldom exceeding the

latter limit. They may be repeated so rapidly that the intervals are

scarcely appreciable, or several minutes may elapse between the

paroxysms. A paroxysm may be started by any stimulus applied to

the branches of the fifth nerve. Thus, a draught of cold air, an
attempt to swallow liquid or to masticate food, the slightest touch of

the hair of the face, or an attempt to speak, may initiate an attack of

pain. This, commencing usually at a single spot, quickly radiates

over the neighbouring skin and mucous membrane, and in some cases

spreads over the whole face. The mucous membrane of the lips,

gums, and nostrils is just as much the seat of pain as is the skin,

and in some instances the secretions are altered, the nostrils becoming
hot and dry, or the eyes filled with tears. The pain varies in character

as well as in intensity, patients usually describing it as burning hot,

or as if the flesh were being crushed and torn.

During the paroxysm the patient usually clasps his face in his

hands, and seems to obtain some relief by the compression of the seat
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of pain. On account of the frequency with which movements of the

mouth cause an attack, all movements of the facial muscles are avoided

as much as possible. Tims, in speaking the teeth are kept clenched

and the lips are hardly moved ; and in eating or drinking the same
precautions are exercised. On account of the sensitiveness of the

skin, the face is commonly wrapped up and bright light is avoided.

In some cases of epileptiform neuralgia the general health gives way
under the strain of constant pain, but in others it is surprisingly

little affected.

Treatment Of neuralgia.—In many cases of neuralgia, where
no definite cause can be discovered, much more good is done by
paying attention to the general health than by giving drugs to

relieve pain. In the neuralgias which are so common in anaemic

women, it will often be found that dyspepsia and insufficient

nourishing food are at the bottom of the trouble, and attention

should in such cases be always directed to the remedying of these

conditions. In other cases, insufficient healthy exercise, working
in overheated and ill-ventilated rooms, and bad hygienic surround-

ings appear to account for the frequent neuralgic attacks. In those

cases where neuralgia supervenes upon malarial fever or influenza,

and in many others where it is the sequel of some prolonged illness,

temporary residence in a dry bracing climate—such as the moun-
tain resorts of Switzerland—will bring about a cure when all other

remedies have failed. The treatment of neuralgia by drugs can

scarcely be discussed in the present work, but it may be stated that

in many cases arsenic is an excellent remedy, and that in cases

where gout appears to be the cause of the malady the usual

remedies for this disease may be very useful.

But whilst the vast majority of cases of neuralgia may be
successfully combated by some such means as have been mentioned
above, it must be admitted that where a local cause exists local

measures are alone, as a rule, successful. Thus, the removal of

carious teeth will often suffice to terminate an attack and to prevent

others ; and if any tumour or inflammatory swelling is found to

exercise pressure on a nerve, the removal of such a cause is evidently

indicated. With regard to the extraction of teeth, however, a word
of warning is necessary, for the pain is often referred to teeth which

are quite sound, and the removal of these, however much the patient

may desire it, is to be strenuously resisted. For such treatment,

indeed, is of no avail and, on the other hand, is often most harmful,

the gums being left tender and sore, and the patient having furthei

trouble from insufficient powers of mastication and consequent dys-

pepsia. In neuralgias of the extremities there is more often some
local cause than in those of the face, and in this class of case, where

no local cause can be discovered, reliance must be placed rather upon
local treatment than in the use of drugs. Counter-irritation by iodine

or by blistering fluids is sometimes very efficacious, whilst in others,

massage gives very satisfactory results. Galvanism is also of use in

some cases, especially in inveterate sciatica. It should be used for
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fifteen to twenty minutes daity and should be persevered in for

several weeks.

Opeimtions on tlie nerves for the cure of neuralgia are only
very exceptionally indicated. Where a nerve twig is caught in a scar,

or where a trunk is compressed by inflammatory effusion, it is evident

that an operation should be undertaken to free the nerve from its

surroundings. But such cases form only a very small percentage of

the total and cannot really be compared with the more common
neuralgias which own no such exciting cause. There are, however,

a certain number of cases of intractable facial neuralgia, where
operations on the affected nerve trunks may be undertaken with

much temporary benefit ; and in no class is operation more called for

than in the so-called epileptiform neuralgia. It has already been
said that in many of these cases any slight peripheral irritation may
excite an attack, and the object of an operation is to prevent the

transmission of any stimuli along the trunk or branches of the

affected nerve.

It is not to be supposed that any operation on nerve trunks for

the cure of neuralgia is based upon the supposition that the nerves

are the seat of disease. There is no reason to believe that this is

the case, but it appears probable that when relief is obtained it is

really due to the rest secured to an over-stimulated nerve centre, and
the operation may be considered to act by procuring physiological

rest to the sensorium. It will, therefore, be evident that such

operative treatment does not aim at eradicating the disease by the

removal of any diseased structure ; and this should clearly be kept in

mind in considering the advisability of operative interference, and in

the choice of the operation itself. It must further be explained to

the patient that operations of neurotomy, or nerve-stretching, cannot

be relied upon to bring about a cure, but that, while they do in some
cases apparently bring permanent relief, in many others the freedom

from pain is merely temporary.

Nerve-Stretching'.—Before considering the operation of nerve-

stretching, it is necessary to consider very briefly the strength and
elasticity of the nerves. It has been estimated, as a result of

experiment, that a nerve is capable of being stretched about one-

twentieth of its whole length, and in general terms it may be stated

that the elasticity of different nerves is, for all practical purposes,

equal. The strength of a nerve depends necessarily on its size, and
the larger trunks are capable of resisting very considerable force.

The breaking strain of the sciatic nerve varies from about one

hundred to one hundred and sixty pounds, while such nerves as the

median, musculo-spiral, and ulnar will support from about fifty to

eighty pounds' weight. The small nerves, such as the branches of

the fifth, of course offer but little resistance, and break with a strain

of from five to ten pounds.

Anatomical changes.—The anatomical changes which follow

nerve-stretching are the result of laceration of the various structures

included in the nerve sheath, and may be briefly summarised.



694 DISEASES OF NERVES.

(1) The sheath is partly loosened from its attachment to the nerve,

and at the same time is narrowed, and so tends to constrict the tubules.

(2) The blood-vessels of the sheath are torn, and ecchymoses
occur. The vessels in the substance of the nerve become tortuous

and dilated immediately after the stretching, and the nerve trunk

becomes subsequently more vascular, by reason of the formation of

new blood-vessels.

(3) There is an increase of connective tissue cells in consequence

of the injury inflicted.

(I) The nerve tubules are torn in proportion to the violence

used. The axis cylinder breaks less easily than does the myelin

sheath and the sheath of Schwann.

(5) In proportion to the amount of injury there ensues degenera-

tion of some of the nerve fibres, such as has been described as

resulting from section of a nerve.

(6) In the process of time new nerve fibres are formed and the

nerve is completely regenerated.

The physiological effects of nea've-stretchsBig' also depend
on the amount of force employed and the amount of injury in-

flicted. It appears that very slight stretching increases the irrit-

ability of the nerve, and results in slight hyperesthesia, muscular
irritability, and flushing of the skin area involved ; but it is certain

that in all cases where a nerve is voluntarily stretched by the

surgeon, the conductivity of the nerve is materially diminished,

and that numbness or complete anaesthesia, and diminution or loss

of muscular power, ensue in most cases. When a great deal of force

has been employed, the operation may be followed by wasting of

muscle and by trophic changes.

The operation.—The operation practically consists of exposing

the nerve by a suitable incision, and subsequently isolating and
stretching it. If the nerve trunk be a large one, such as the sciatic,

the finger, or two or three fingers, should be passed beneath it, and
steady traction should be exercised, first in one direction and then

in the other. The amount of force employed must vary with the

size and strength of the nerve ; even for the sciatic it should not

exceed thirty or forty pounds. When the nerve is small and the

wound narrow, as in operations on the face, the nerve is best lifted

up and stretched by passing an aneurysm needle beneath it. The
stretching should be continued for several minutes.

The so-called "bloodless stretching" of a nerve can practically

only be performed on the sciatic trunk. In this procedure the thigh

is flexed on the abdomen, whilst the leg is kept extended on the

thigh, and thus the sciatic nerve—together with all the tissues

around it—is put on the stretch. The extension should be main-

tained for ten or fifteen minutes under an anaesthetic, and at the

same time vigorous kneading and massage may be employed along

the course of the nerve. It must be remembered that if the patient

be old and the arteries atheromatous, this treatment is liable to put a

dangerous strain on the popliteal artery.
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Clinical application of ncrve-stretcSsing'.—When nerve-

stretching was first introduced, it was employed in many cases of

disease of the central nervous system, but it may be said with con-

fidence that in such cases it is certainly of no material advantage in

promoting a cure, although it may improve symptoms. Its utility

is best demonstrated in cases of neuralgia and in certain nerve lesions.

Thus, in cases of inflammatory thickening, either of a nerve itself or

of the tissues around it, the neuralgic pain caused by the pressure is

often greatly relieved by exposing the nerve at the affected area,

separating it from the tissue around it, and thoroughly stretching it.

It may also be employed in cases of spasm

—

e.g. in facial spasm

—

and to alleviate hyperaesthesia, from whatever cause arising. In a

few cases of tabes dorsalis the operation appears to have relieved the

"lightning" and "boring" pains, and in some cases other symptoms
are said to have been improved.

In certain cases of facial neuralgia nerve-stretching appears to

act very beneficially, and is preferred by some surgeons to neurotomy
or neurectomy. The way in which nerve-stretching causes improve-

ment is probably not always the same. It is evident that when a

nerve trunk is more or less compressed by scar tissue or fixed by
adhesions, the mechanical separation of the nerve is likely to be
beneficial ; and the many recorded cases of improvement in cases of

pressure by cicati'ices, of neuralgic pains following injuries, etc., are

in this way most readily explained. The action of nerve-stretching

in chronic neuritis is probably of a similar nature. It has also been
suggested that the operation may act by freeing the nervi nervorum
from surrounding adhesions. In many other cases, however, espe-

cially in neuralgia, any good results that may ensue are probably
due to rupture or injury to the nerve tubules themselves, and to the

resulting impairment in the conductivity of the nerve. It is pro-

bable that in nerve-stretching we tear the tubules not only of the

trunk we operate upon, but of other branches as well, which are diffi-

cult—perhaps impossible—to reach with a knife. Thus in stretch-

ing the infra-orbital nerve, it is probable that the branch passing

downwards in the floor of the orbit to the teeth is also stretched, and
in operating on the inferior dental, the branches to the individual

teeth are influenced. Thus, the effects of nerve-stretching may be
more widely spread than those of neurotomy, and in dealing with

the mixed nerves of the extremities it is evident that such an
operation is often preferable to division, considering that the latter

will cause not only anaesthesia, but permanent muscular paralysis

as well.

Neurotomy and neurectomy.—The operations of cutting

down upon a nerve and dividing it, and of cutting out a portion of

the trunk, are, like the similar operations for exposing arteries, per-

formed at certain " seats of election," where the nerves can be most
easily reached, and with the least possible injury to the surrounding
parts. In all such operations on the limbs, the use of an Esmarch's
bandage greatly facilitates matters, and enables the surgeon to find
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the nerve more readily, and to ascertain its condition with much
greater certainty.

Nerves of the head and neck. The supra-orbital nerve and
the supratrochlear nerve.—These are best exposed by an incision

carried parallel with the eye-brow and just beneath it, so that the line

of the incision is hidden by the folds of skin in this situation. The
supra-orbital notch can be easily felt in most cases, and the nerve
will be found emerging from it, and turning directly upwards after

the incision has been carried through the skin and some of the fibres

of the orbicularis muscle. The supratrochlear nerve lies nearly

half an inch to the inner side of the supra-orbital notch, and may be

exposed by a similar incision.

The infra-orbital nerve.—The infra-orbital canal is in a line

drawn from the supra-orbital notch to the canine tooth of the same
side. The nerve is exposed by an incision carried across this line,

about an inch below the lower margin of the orbit. After dividing

the skin and some of the facial muscles—chiefly the zygomatici—the

orifice of the canal can usually be felt with a probe-pointed director.

While this is held with its point in the canal, an aneurysm needle

should be passed so as to pick up the nerve and artery as they

emerge from the bony channel, the point of the needle being passed

on to the bone before it is clipped to pick up the nerve. In most
cases the infra-orbital artery is picked up with the nerve, but the

latter can easily be isolated as soon as it is brought into view. The
free bleeding which results from incisions in the face usually renders

it difficult to see to the bottom of the wound in this operation, and
a little time is well spent, after dividing the skin and muscles, in

plugging the wound with sponge for a few minutes, to stop some of

the oozing.

Meckel's ganglion.—To excise this ganglion, a curved incision,

with the convexity downwards, should be made, so that the centre of

it is about half an inch below the level of the infra-orbital canal.

The flap thus reached should be dissected up to a point half an inch

above the level of the canal, and the latter should then be exposed

by the free division of the subjacent fat and facial muscles, and by

cleaning the periosteum off the bone with a raspatory. The front wall

of the antrum, just below the canal, must then be perforated with a

small trephine, all bleeding points tied, and oozing stopped by
sponge pressure. A slender Bowman's probe should then be passed

along the canal as far as possible, and, using this as a guide, the

floor of the canal must be cut away from below with bone scissors

until the posterior wall of the antrum is reached. This, in its turn,

being perforated by the trephine, the ganglion will be reached by

tracing the infra-orbital nerve to its junction therewith. The ganglion

and the nerve are then to be cut away with curved blunt-pointed

scissors. Haemorrhage must be arrested by plugging.

The inferior dental nerve.—This nerve may be exposed either

from within the mouth or by skin incisions. In the former method
the mouth is opened widely with a gag, and an incision is carried
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along the anterior border of the ramus, of the lower jaw, extending
from the last upper molar to the corresponding tooth in the upper
jaw. After the division of the mucous membrane, the internal
pterygoid must be separated from the jaw with the finger, and the
sharp spike of bone which marks the orifice of the inferior dental
canal must be felt. An aneurysm needle is then passed forwards
from the inner aspect of the jaw-bone, and the nerve is hooked up on
this and drawn forwards. In dividing the nerve, care must be taken
to avoid the inferior dental artery, the injury of which in this opera-

tion has caused serious hemorrhage.
The facial nerve.—The facial nerve may be exposed at the

point of emergence from the stylo-mastoid foramen by an incision

commenced behind the ear at the level of the external auditory

meatus, and carried downwards and forwards to about the level of

the angle of the jaw. After dividing the skin and fascia the inner

edge of the sterno-mastoid is exposed and retracted, and the posterior

belly of the digastric muscle is then defined and similarly dealt with.

A blunt hook or aneurysm needle should then be slipped down, so as

to pick up the nerve, and the latter should then be separated from
the tissues around it by the use of a probe-pointed director. The
parotid gland must be drawn forwards before any attempt is made to

pick up the nerve. The operation is a difficult one, especially in

thick-necked and muscular subjects.

The spinal accessory nerve.—This may be exposed either before

it enters the sterno-mastoid muscle or else at its point of emer-

gence therefrom. To reach it in the former situation an incision

is made parallel to the anterior margin of the sterno-mastoid, and the

latter is strongly retracted. The centre of this incision should be

opposite the hyoid bone, and at this level the nerve should be sought

for, crossing the carotids and the internal jugular vein, and entering

the muscle -on its under surface. At the posterior margin of the

sterno-mastoid the nerve is reached by an incision carried parallel

with this margin, and having its centre opposite the middle of the

line drawn from the clavicle to the mastoid process. Care must be
taken not to mistake the superficial cervical nerve for the spinal

accessory—the former curves forwards round the sterno-mastoid, the

latter runs obliquely backwards. The spinal accessory nerve is not

infrequently "wounded in operations for the removal of cervical

glands.

flerves of the upper extremities. The brachial plexus.—
This may be exposed in the neck by an operation very similar

to that for ligature of the subclavian artery, and in the axilla

by one similar to that for ligature of the axillary in the third

part of its course.

The median nerve.—In the upper arm this nerve may be exposed

by an incision similar to that for ligature of the brachial artery, and

in the fore-arm may be reached by an incision above the wrist on the

outer side of the tendon of the palmaris longus.

The ulnar nerve.—Behind the internal condyle the ulnar nerve
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may be easily exposed where it can be felt rolling over the subjacent

bone, and at the wrist may be reached by an incision on the radial

side of the flexor carpi ulnaris.

The musculo-spiral nerve.—This may be exposed either in the

middle or lower third of the arm. It is most easily reached in

the former situation, and should be exposed by an incision in the

long axis of the arm, in the middle of a line drawn from the

front of the external condyle to the insertion of the deltoid.

After the skin and fascia have been divided, the nerve can generally

be felt rolling over the smooth surface of the humerus. It should

be cleared by separating the triceps from the supinator longus and
the brachialis anticus.

Nerves of the lower extremities. The great sciatic nerve.—
The course of this nerve is in a line drawn from a point between
the tuber ischii and the great trochanter—but one-third nearer to

the tuber ischii—to another point in the middle of the popliteal

space. In the upper part of this course the nerve may be exposed

by an incision below the gluteal fold, the gluteus maximus being

drawn upwards and outwards, and the biceps muscle inwards. If

the operation be performed in the middle of the thigh, the biceps

muscle must be drawn to the outer side, as in this situation the nerve

lies to its inner side.

The internal popliteal nerve.—This may be found beneath the

deep fascia in the middle of the popliteal space.

The external popliteal nerve.—This can readily be exposed by
an incision on the inner side of the biceps tendon, about an inch

above its insertion into the head of the fibula.

The anterior and posterior tibial nerves may be exposed by
operations similar to those for the ligature of the vessels which
accompany them.

II. NEUROMA.

Varieties.—Neuroma is a term which is usually applied to

any tumour growing on a nerve trunk, whatever its structure may
be. Neuromata are commonly divided into two classes : (a) true

neuromata
;

(b) false neuromata. (See page 461.)

(a) A true neuroma, is one which is composed of nervous

tissue, and is a very rare form of growth. It may contain medul-

lated or non-medullated nerve fibres, or else may be in part composed
of ganglionic cells, with a surrounding network of fibres, but the

latter variety of growth is only met with in tumours connected
with the brain or spinal cord. True neuromata form rounded or

oval swellings of small size. The nerve tubes of which they are

composed are usually not continuous with those of the nerve trunk
to which they are attached, but form an irregular network, mixed
with a varying amount of loose connective tissue.

(b) A false neuroma is a tumour situated on a nerve, and not

itself containing any nerve elements. The most common form of
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false neuroma is composed of soft fibrous tissue, or of fibrous tissue

undergoing myxomatous degeneration (Fig. 193). G-liomatous and
sarcomatous tumours may also occur, but they are less frequent. The
latter tumours differ from the fibrous growths in the greater rapidity

of their development, in their tendency to infiltrate rather than
simply to push aside the nerve fibres amongst which they grow, in

their greater softness, and in the gelatinous or mottled appeai'ance of

their cut surface.

All these growths are most common in the nerves of the extremities

;

their size varies from that of a pea to that of a hen's egg, but most
of the growths are about the size of a hazel-nut

or a walnut. In shape they are generally oval,

the long axis of the growth lying parallel with
the fibres of the trunk in which it is formed ; their

surface is smooth, and in many cases the tumour
lies amongst the surrounding nerve bundles, with-

out actually involving the latter. In other cases,

however, one or more of the nerve bundles may pass

quite through the tumour, so that it is not possible

to separate the growth from the nerve.

Another form of neuroma is sometimes de-

scribed : the " traumatic neuroma." This is

identical in structure with the "bulb" on the

proximal end of a divided nerve, already described

on page 682 ; but if a nerve be only partly cut

across, a bulb will form at the seat of injury, and
will thus form a swelling on the nerve trunk itself.

Symptoms.—The diagnosis of a neuroma de-

pends partly on the symptoms caused by its pre-

sence, and partly on the physical characters it

pi-esents. The most characteristic features of such
a tumour are its extreme sensitiveness, and the

sharp shooting neuralgic pain caused by touching

it. In addition to pain, the pressure on the

nerve fibres may give rise to numbness, tingling,

or pricking sensations in the parts supplied by
the affected nerve, and in a few cases complete

anaesthesia results. Muscular twitchings are less common symp-
toms, whilst clonic or epileptiform convulsions, although described,

are certainly very rare complications. So-called " trophic " lesions

are also uncommon, but are of more frequent occurrence than
muscular spasms. They comprise such changes as have already been
described as following sections of a nerve

—

e.g. glossy skin, ulcera-

tion of finger-tips, painless whitlows, increase or diminution of

sweat, etc.

On examination, a neuroma is found to be a smooth oval swelling

of variable size, situated in the course of a nerve trunk. It can
readily be moved in a lateral direction, but is found to be scarcely, if

at all, movable in the long axis of the nerve on which it is placed.

Pig. 193.—Fibro-neu-
roma of Median
Nerve.
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Very slight handling causes severe pain, which is often very charac-

tei'istically distributed to the skin area supplied by the diseased

nerve, and spasm of the muscles is easily produced by rolling the

tumour beneath the fingers. The benign or malignant character of

the growth may be diagnosed, though not with certainty, by con-

sideration of the rapidity of its growth and the size attained. Finally,

it should be mentioned that in some cases neuromata are multiple,

and in some instances such tumours, composed of fibrous tissue, have

been found to the number of several hundreds scattered over the

nerves in all parts of the

body.

Treatment.— Removal
is the only treatment that

can be practised. The in-

cision should be made in

the long axis of the nerve,

and such incisions as are

necessary to free the tumours
should also be made in the

same direction, so as to avoid

as far as possible the section

of the nerve fibres. If ex-

cision of the portion of the

nerve containing the tumour
be necessary, the trunk should

first be very thoroughly

stretched, so that after the

resection the cut surface may
be sutured. In other cases

where, on account of the

large size of the tumour, it

is impossible to reunite the

severed nerve, a suitable

portion of the nerve of a
rabbit or of a recently

amputated limb should be
and sutured between the severed ends.

194 —Knee Joint from a Case of Charcot's
Disease.

introduced as a graft,

III. SURGICAL AFFECTIONS COMPLICATING DISEASES
OF THE SPINAL CORD.

It is only within recent years that many surgical affections

which are now recognised as being due to disease of the spinal cord

have been referred to their true source, and yet such complications are

"so numerous and far-reaching that it is only possible to allude here

to the most important of them. It may, however, be mentioned that

many of these complications are in all respects similar to those which
follow on injuries of the spine, and that the cystitis, pyelitis, acute

bed-sores, etc., which are so often seen after crushes of the spinal
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cord may also ensue upon disease. There remain, however, certain
pathological processes which are peculiar to patients affected with
disease of the cord, and these merit a more detailed description.

Charcot's disease; tabetic arthropathy.—Charcot's disease
is a form of arthritis allied to osteo-arthritis which is usually de-

veloped in connection with tabes dorsalis, but is also seen as a rare
complication of syringomyelia, itself a rare disease. It is met with
in but a small percentage of cases of tabes, and often commences
when the tabetic symptoms are but little marked, or even un-
noticed by the pa-

tient. Very fre-

quently it occurs be-

fore there is any
evidence of ataxic

gait. In many cases

the disease is of sud-

den onset, the affected

articulation becom-
ing distended with
fluid within twenty-
four hours, and the

swelling being un-

attributable to any
apparent cause. This
swelling of the joint

is often accompanied
by a swelling of the

neighbouring soft

tissues, which do not,

however, pit on pres-

sure to any extent.

In some instances

the effused fluid is

absorbed, and the joint returns to its natural condition ; but in

others—which are, unfortunately, the more common—the effusion is

but the commencement of a series of changes, which rapidly termi-

nate in the destruction of the articulation. Within a few weeks or

months of the first attack the patient notices that the joint gets

weaker, and gives way under him; and very rapidly the articulation

becomes so loose and freely movable that in many cases dislocation

ensues (Figs. 194, 195).

Morbid changes.—An examination of such a joint shows
changes very similar to those of osteo-arthritis, but, especially in the

case of the bones, the lesions are much more extensive. The thick-

ening of the synovial membrane and the formation of fringes on
it, the fibrillation and wearing away of cartilage, the growth of

ecchonclroses, and the wearing away and destruction of ligaments,

are so similar to the lesions of osteo-arthritis that they need no
special description (Fig. 194).

195.—Another View of the Femur and Tib:
Fig. 194.
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The changes in the bones are of more importance, and are also

more characteristic. In typical cases they are worn down to an

extent never seen in osteo-arthritis, and are, moreover, often simply

worn down without any new bone being produced, as is common in

the latter disease. In typical cases, the whole head of the femur

or humerus, the condyles of the femur, or the head of the tibia are

ground down and destroyed, as if they had
been rubbed away by a grindstone or a file

(Fig. 195). It is this extensive destruction

of bone even more than the wearing away, of

the ligaments which must be held accountable

for the dislocations and undue mobility above

mentioned. But whilst the above changes

may rightly be considered as typical of cer-

tain cases of tabetic arthropathy, it must be

allowed that in some examples of this affec-

tion the destruction of bone is not so rapid

or so complete as here described; and whilst

no new bone at all is formed in some cases,

in many others very large masses of bone are

formed in the substance of the synovial mem-
brane, and may attain a much greater size

than those seen more commonly in osteo-

arthritic joints.

Symptoms.—The diagnosis of Charcot's

disease rests mainly on the existence of disease

of the spinal cord, associated with painless

swelling and loss of power in the affected joint.

As regards the former, the symptoms of

tabes may be briefly enumerated, and may be
divided into those noticed by the patient and
those perceived on examination by the surgeon.

Pains in the limbs of a shooting character

—

so-called " lightning pains "—and other pains,

variously described as boring, cutting, or

shooting, are of frequent occurrence. " Girdle

pains " and the sensation of constriction round
the waist are less frequent. Numbness or partial

loss of sensation in the feet is less common. Sudden and uncontrollable

desire to evacuate the contents of the bladder or to empty the rectum
is of occasional occurrence, and attacks of vomiting without cause

—

"gastric crises"—may also occur. Incoordinations of the lower

extremities—"locomotor ataxy "—is a very characteristic feature of

the disease, but in many patients it does not come on in a marked
form until late, though the patient may have noticed that in bad lights

his footing was insecure. Various symptoms may have been noticed

about the eyes. Thus, there may have been occasionally a transient

squint, or vision may be impaired, or actual blindness may have

resulted.

TTig.196.—Charcot's Disease
of the Knee.
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An examination of a patient with tabes may not only verify

some of the above symptoms, but may elicit others. Usually, the
first thing to do is to test the knee-jerks; and in most cases of tabes
these are absent, though not necessarily in all. The stability of the
patient may be tested by making him stand with his heels together
and his eyes shut, or by making him walk whilst blindfold, or by
standing on one leg. An examination of the eyes will usually show
that the pupil does not contract to the stimulus of light, but that

when the vision is concentrated on some near object, it does con-

tract during accommodation. Ophthalmoscopic examination may
reveal grey atrophy of the optic disc, and the field of vision may
be diminished.

If the joint affected be seen within a few days of the first

attack, it will be found to be greatly swollen and tense, and to

contain a large quantity of fluid ; the limb in the neighbourhood is

usually swollen also. At a later stage the effusion is less marked,
and the surrounding swelling much diminished or absent. The most
noticeable feature at such a time is the extreme mobility of the

articulation, so that, instead of the movements being limited as in

most forms of disease, there is abnormally free movement in all

directions. Thus, circumduction at the shoulder or hip is permitted

to an extent unknown in health, and in the knee or elbow there may
be hyper-extension and lateral mobility (Fig. 196). When this con-

dition is still further developed, a so-called flail joint results, and at

any period dislocation may ensue. In many such cases, where the

joint is sufficiently superficial, it can be felt that certain portions of

articular bone are worn away, and in other cases masses of new bone
may be felt in the synovial membrane. Another most remarkable
feature of such a case is the complete, or almost complete, absence of

pain, with or without movement, and this is all the more noticeable

when the case is seen early, and the effusion present is such as to

make it certain that in all other forms of arthritis there would neces-

sarily be a good deal of pain. Lastly, it should be mentioned that all

cases of Charcot's disease do not run so acute a course as is here

described, and that in some of them pain is present ; the development
of bony nodules in the synovial membrane may also prevent the free

mobility which usually characterises the disease.

Treatment.—Unfortunately, no treatment can arrest the pro-

gress of this affection. Rest in the early stages, and the applica-

tion of splints to keep the joint surfaces from attrition, are all thac

can be advised.

Spontaneous fracture.—On account of the atrophy of the

bones in many cases of old-standing paralysis, they are very liable

to fracture on the application of but slight violence, and such bones

are very slow to unite when broken. Spontaneous fractures, however,

are liable to occur also in tabetic patients who have never been

paralysed or bedridden, and a considerable number of such cases

have been recorded. In most of them the fracture has occurred

in the early stages of the disease, and without any premonitory
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symptoms to point to any antecedent disease of the bone. In many
of the cases union has been obtained without difficulty, but in some
it has been delayed, and in others no union has occurred. Occa-

sionally, as in a case seen by the writer, numerous spontaneous
fractures of different bones have occurred at intervals of months or

years, and yet have all united. In some of these cases a great excess

of callus is formed. (See Art.

XXIX., page 726.)

Perforating ulcers.—These
are much more commonly seen in

patients who are the subjects of

tabes dorsalis, but occasionally

complicate other diseases of the

spinal cord or of the peripheral

nerves and occur also in diabetic

subjects. When complicating

tabes, they may develop either as

one of the early symptoms or at

any period during the progress

of the disease. (See page 112.)

Symptoms.— These ulcers

are usually situated on the sole of

the foot, and especially affect the

balls of the great toes, though
they may occur under the balls of

any of the toes, and have been
seen in one or two instances on
the hand. They commence with

a corn-like thickening of the epi-

dermis, which may precede ulcera-

tion for several months; but when
once found, the ulcers evince a
special tendency to "perforate"

the subjacent structures rather

than to spread over the neigh-

bouring skin (Fig. 197). As a

consequence of this perforation,

the metatarso-phalangeal joint is

frequently involved, and, as the result of the suppurative arthritis

set up, its cartilage may be destroyed, and its articular surface be-

come carious (Fig. 198). These ulcers are sometimes multiple, and
are often symmetrical. Occasionally the ulcers become the starting-

point of extensive sloughing, or moist gangrene, and this is especially

common in those cases where the patient is suffering from diabetes.

Diagnosis.—The diagnosis of a perforating ulcer is usually an
easy matter, but care must be taken not to confuse the suppura-

tion of a simple corn with the more serious disease. The presence of

some nervous lesion or of diabetes may be accentuated by some
anaesthesia of the skin around the ulcer, and this is occasionally

Fig. 197.—Perforating' Ulcers of the Foot.
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associated with foul sweating of the foot. The passage of a probe will
often demonstrate the presence of rough bare bone, and movement
of the subjacent joint may result in grating of the carious surfaces.
Pain is, as a rule, not severe.

Treatment.—These ulcers are
usually most amenable to treatment,

and it is quite erroneous to suppose
that they do not heal. Their situa-

tion suggests at once that pressure

may act as an exciting cause, and
the first indication, therefore, is to

keep the patient off the affected

foot. Unless this is done other

treatment is useless. In addition

to this precaution, but little is re-

quired beyond ordinary cleanliness

and care. After the surrounding
unhealthy skin lias been cut away,
the use of a foot bath for some hours
daily and boracic fomentations are

generally necessary when cases first

come under treatment ; and at a
later stage iodoform powder or

some stimulating application—such

as unguentum resina?, or a solution

of sulphate of zinc—is indicated.

In many cases where the joint sur-

faces are carious, good results may
be obtained without operation, but
sometimes it becomes necessary to

gouge away the diseased bone in

order to promote a cure. When the

ulcer has healed, it must be pro-

tected from pressure by a suitable

felt pad with a central hole, inserted

in the boot, or else applied in the

form of a corn-plaister. These ulcers

are very liable to break out again

and again, as the result of renewed
pressure in walking, and constant

care is necessary to keep the foot

sound.

In a very few cases winch resist treatment, as above, there is

extensive sloughing of the soft tissues of the sole of the foot. Ampu
tation may be performed : but amputation, as a routine treatment, is

uncalled for and most unsatisfactory in its results, as the ulcer often

recurs in the stump. It is best to reserve such treatment for those

cases where there is not merely an ulcer, but sloughing or gangrene

as well ; and in these also the results are usually disappointing,

x

Pig. 198.— Bones from a Case of Perforat-

ing1 Ulcer, showing caries and also

destruction of the terminal phalanges.
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o
Corns.—As the result of prolonged pressure or friction the horny

or epidermic layer of the skin is prone to take on local hypertrophy,

preceded by congestion of the papillary layer beneath. A simple

thickening of the epidermis at one spot, such as is often seen on

the fingers of seamstresses or workmen, or on the palmar aspect of

the first phalangeal bases, is kriown as a callosity. A corn differs

from a callosity in the fact that there is in addition a central down-
growth of epidermis displacing the papillae, which at the edge of

the corn are elongated and enlarged as well as abnormally congested.

True corns are not often met with except on the feet, where the

compression of the toes by ill-fitting narrow or tight boots renders

the dorsal surface of the toes peculiarly liable to them. The plantar

surface of the foot under the heads of the metatarsal bones is often

affected, less commonly the heel. In fact, probably few of the boot-

wearing race escape the development of corns at one or other of

these positions.

The epidermic cells towards the surface of a corn undergo enlarge-

ment and remarkable keratinisation, but sometimes the wedge of

epidermis becomes soft, and is then especially painful and irritable.

A further stage is the formation of a small abscess under or in

the corn, and ultimately of an ulcer with hard raised edges. Such
ulcers under the " tread " of the foot may extend deeply into the

tissues of the sole, and constitute one form of the so-called "per-

forating ulcer." They are especially liable to develop in patients

the subject of tabes or some other nervous disease involving im-

paired sensation in the foot, but may occur quite independently of

this. (See page 704.';

Another variety of soft corns is met with between the toes, the

excessive secretion of sweat giving them a sodden white aspect.

Hard corns are occasionally complicated by the development of a

bursa beneath them (constituting one variety of bunion), which,

of course, under sufficient irritation may inflame or suppurate.

Another complication of a corn to be noted is the occurrence of

small haemorrhages into it or the corium beneath.
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Owing to the inflammatory congestion of the papillae around the
epidermic downgrowth, corns are generally painful, and any con-

dition which increases this congestion (such as too prolonged walk-
ing or standing) may render them exquisitely tender. In many
people the atmospheric change accompanying the approach of wet
weather has a most marked effect in causing shooting pain or
" twinges " in their corns.

Apart from the fact that inflamed corns often completely dis-

able their sufferers from active exercise, it must not be forgotten that

they may be the starting-point of more serious troubles. If an abscess

or ulcer form at their site, lymphangitis or spreading suppuration

may follow their neglect or injudicious treatment, and in old people,

with atheromatous arteries, cases of senile gangrene have been re-

corded which owed their commencement to this comparatively
trivial cause.

Treatment.—It is essential for its cure that the injurious

pressure which has produced a corn should be removed. Broad-toed

boots with low heels are required in most cases, though sometimes
the fault lies in the upper leather being too thick or badly-shaped.

Each boot should be carefully designed to fit the individual foot.

After soaking well in hot water, the hard epidermis, and especially

the central core, should be carefully ctit away with a sharp scalpel,

and a circular ring of felt plaster should be worn to protect the site

of the corn from pressure. Salicylic plaister (10 or 20 per cent.) or a

saturated solution of salicylic acid in collodion frequently applied

will act well in softening the corn, after which the central part may
be more readily cut out. In using the knife only the thickened

cuticle should be removed, and hence no bleeding should occur.

In cases of hammer-toe (where the second toe is hyper-extended

at the metatarso-phalangeal joint and strongly flexed at the first

inter-phalangeal one) a very troublesome corn is apt to develop over

the latter articulation. The only effectual treatment in some of

these cases is to amputate the offending digit.

Warts (verrucse).—A cutaneous wart consists essentially in a

pedunculated overgrowth of the epithelium, in the centre of which
is an extension of the papillary layer of the corium containing a

vascular loop and often a small nerve. The peduncle may be ex-

ceedingly slender, whilst the projecting part of the wart branches

in a cauliflower-like manner. They vary much in consistence, the

hardest ones generally occurring on exposed parts which are kept

dry, whilst those situated on a region of the skin habitually moist

are often very soft and delicate (Fig. 199).

It should be mentioned that warts may develop on mucous
membranes, such as the lining of the lips, the soft palate, the

conjunctiva, the vaginal or urethral walls.

Jfc is practically impossible to draw any distinction between a

wart and a papilloma, and the so-called papillomata of the larynx

have a similar structure to many warts of the skin, allowing for

slight differences due to their site. The colour of warts varies from

x 2
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greyish-white to pinkish-red, the latter being dependent on free

vascularisation, and therefore being associated with a tendency

to bleed readily if abraded.

Causes.—There is no doubt that local irritation, e.g. of some
decomposing secretion, is the most frequent exciting cause in the

formation of warts, and it is probable that microbes play a consider-

able part ; indeed, a special bacterium has been described as present

in many cases. In connection with this it is noteworthy that some
warts appear to be due to inoculation, and their tendency to occur in

clusters or groups is often very marked. Secondary syphilis is also

a common cause ; thus a neglected condyloma may pass into the

' v ; '

'

"

Pig. 199.—Warts round the Anus, showing clusters of " cauliflower-'ike growths. (From
a patient who had recently had hoth gonorrhoea and syphilis.)

warty condition and, apart from any mucous patch or condyloma,
warts are liable to form on the dorsum of the tongue and elsewhere

during the secondary stage.

Tubercle of the skin may also lead to warty growth : thus lupus

when it affects the feet and other regions covered with dense

epidermis is often warty in large part. The so-called verruca necro-

genica, or post-mortem wart met with on the dorsum of the hand
(especially over the knuckles), has been proved to contain tubercle

bacilli, and is as difficult to cure as any form of lupus, although it

rarely ulcerates. {See page 297.) From these considerations it is

correct to consider warts as essentially inflammatory in origin, the

cause being probably of microbic nature.
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It must, however, be noted that some forms of epithelial cancer

are at first warty in structure, as, for instance, many cases of

epithelioma of the glans penis, the lower lip and the tongue. The
older the patient and the longer the warty growth has persisted,

the greater is the risk of it passing into epithelial cancer, especially if

irritated by being continually "picked at," etc. Histologically, the

stage of cancer is reached when there is not only epithelial down-
growth into the corium, but this downgrowth breaks up in an
irregular manner amongst the cells of the latter.

The multiple wart.—We will now consider two varieties of

warts in which it is difficult to assign any irritative cause, and which
occur in a disseminated form. The first is the multiple wart met with
generally in young male adults or children, and especially prone to

occur on the backs of the hands or fore-arms. They may be flattened,

but are more commonly branched or filiform, of a greyish colour

(sometimes black from their tendency to collect dirt-particles), and
have nearly always a narrow pedicle. They are unsightly, but cause

no other trouble ; and their most remarkable feature is the occurrence

in crops and their occasional equally sudden disappearance. The
latter has led to various popular nostrums being vaunted as curative

of warts, and amongst the drugs which have been apparently suc-

cessful at times are sulphate of magnesia and arsenic given inter-

nally. The surest way, however, of causing these warts to disap-

pear is by local treatment, and one of the best applications is glacial

acetic acid. This should be applied daily with a fine brush or

pointed piece of wood, it is almost painless and causes the wart to

whiten, shrivel, and drop off. The process should be repeated if

there is the slightest sign of re-appearance. Pure liquor arsenicalis,

nitric acid, ethylate of sodium, and other caustics are sometimes
used, and a very common plan is to treat each wart vigorously with
nitrate of silver. The latter leaves an ugly black stain for some
time, and the others are decidedly more painful, and no more
efficient than glacial acetic acid.

The sessile wart.—The second form is the sessile wart,

occurring in a large proportion of old people, sometimes on the face

or other exposed part, but especially met with on the skin of the

trunk. They are nearly always multiple, flat- topped, often brown or

brownish-red in colour, and they may be soft and somewhat greasy to

the touch. They persist indefinitely, and are of some interest from
the fact that epithelioma or rodent ulcer (on the face) may start in

connection with them ; this sequence is fortunately rare. In any
case where the cancerous change is suspected the growth should be

excised freely, and when, as sometimes happens, a sessile wart on

the face gives trouble by repeated haemorrhage on slight irritation,

or is unsightly, it may be readily got rid of by cauterisation with a

drop of nitric acid, nitrate of mercury, or glacial acetic acid.

Warts on the genitals.—Warts on the genitals of both

sexes have already been mentioned (they are apt to occur here in

dogs and other animals as well as in man), but it must be noted that
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on the vulva and glans penis they may develop to an extravagant
extent. Generally they owe their origin to an attack of gonorrhoea,

but retained secretion (under a non-retracted prepuce, etc.), or the

irritation of sexual intercourse may produce them. On the vulva

they may develop so freely as to entirely hide the vaginal orifice and
the labia, and in these cases there is usually a most offensive odour

present.

Mild cases require merely strict attention to cleanliness, aided

perhaps by the use of a powder of equal parts of tannic acid and
iodoform.

If any gonorrhceal discharge persist, of course it must be care-

fully treated ; and where the warts fail to yield to the above treat-

ment they should be nipped off with curved scissors. When
excising large masses of warts it is necessary to give an anaesthetic,

and to apply the actual cautery to the bases, which tend to bleed very

freely. It is certainly important to cure these cases of extensive

venereal warts in women, as the decomposing discharge which attends

them is sometimes absorbed and causes marked depression in health,

and even symptoms similar to those of pyaemia.

Summary*—To recapitulate, the chief varieties of warts met
with may be grouped in the following manner :

—

1. Warts on the genital surfaces, due always to some local

irritation.

2. Warty growths developing in old neglected condylomata, or

otherwise depending on secondary syphilis for their origin.

3. The verruca necrogenica (tubercular in nature ?) met with on
the hands of surgeons, pathologists, and butchers.

4. The sessile or flat-topped warts (widely disseminated, and
occurring mainly in late adult life).

5. Multiple warts on the hands, etc., of children and adolescents.

6. Warts on the mucous membrane of mouth, larynx, urethra,

etc., the cause of which is quite unknown. (See also

Papillomata in Art. XXII. page 476.)

Horns.— In severe cases of congenital ichthyosis we occasionally

see miniature horny growths composed of hardened epidermic pro-

jections which may be detached by vigorous rubbing, etc. ; with

this exception horns are usually single, and develop, as a rule, in

adult life or old age. That their origin is always in connection with

a sebaceous gland is doubtful. Often they commence in the following

manner : a sebaceous cyst ulcerates and then pushes up layer

after layer of epithelioid cells, which dry and harden into a conical,

often spirally-twisted or curved horn. They have been met with

most often where sebaceous cysts are common, i.e. on the scalp and
face (.50 per cent, of the cases), after this region comes in frequency

the internal aspect of the thighs and (very rarely) the genitals.

However large and hard a horn may be in the human subject its

structure is entirely epidermic, and, if excised, the base is found to be

comparatively soft, and, as already noted, to consist generally of the

remains of a sebaceous gland or cyst, which it is essential to remove
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in order to prevent recurrence. Upward papillary projections con-

taining vessels may occur in the base, but the haemorrhage is only
slight during their removal, which is the only treatment advisable.

It should be remembered that occasionally a horny growth occurs

with an epithelioma at its base, and this has been seen several

times in a part of skin for long the site of common lupus. In
such a case it is, of course, necessary to excise both horn and
epithelioma (the latter having a curious structure somewhat sug-

gesting that of a sebaceous gland), and if this is done freely the

prognosis is fairly good. (See Art. XXII. page 476.)

Boils (fttrunculi) and carbuncles.- -It is convenient to dis-

cuss these together, since it is impossible to draw a sharp distinction

between the two. It may be said that whilst a boil is a small

abscess developed around a hair-bulb and its glandular appendages,

and discharging by a single orifice, a carbuncle involves a definite

slough of connective tissue, and presents several openings for the dis-

charge (page 136). The micro-organisms which play an important
part in both are probably identical (the staphylococcus pyogenes
aureus being the chief) ; the favourite sites for both are the back
of the neck and trunk, the perineum and buttocks ; and a similar

condition of ill-health may predispose to the development of

either.

Causes*—With regard to carbuncles, diabetes mellitus is occa-

sionally found in their subjects, but this is quite exceptional, and we
may roughly classify the predisposing causes of boils and carbuncles

thus :

—

1. The debility met with in convalescence from typhoid and
other fevers.

2. Insufficient animal food, or a diet imperfect in other ways :

thus excess of the nitrogenous elements may be to blame
(butchers, for instance, are very liable to develop boils).

3. A sudden change of diet and habits, as, for instance, in rowing
men or athletes who have just gone into training.

4. General privation, long-continued work in a close unhealthy

atmosphere, chronic renal disease, etc.

Great importance, however, must be attached to local inocula-

tion with the micrococcus mentioned above, which is identical with

that which in young subjects may produce acute osteo-myelitis.

And in many cases of the latter grave disease there is reason to

think that the organisms have entered the circulation by means of

some cutaneous boil. Conversely, experiment has proved that

friction on the skin with a little pus from a case of acute diffuse

periostitis will lead to a crop of boils, having their origin around the

hair-bulbs. It must be remembered that many micro-organisms

(including the staphylococcus pyogenes aureus) can be found at

times on perfectly healthy skin, and the reason why boils and car-

buncles are so common on the nape of the neck and buttocks is no
doubt that these parts are peculiarly subject to friction and chafing

from the clothes, and hence to inoculation. The common cases of
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boils in rowing men are more probably due to this cause than to

any peculiar state of general health.

Manifestations.—The germs enter, in the examples just

mentioned, as a rule, through a hair-follicle and the glands which
open into it, and multiply in the cellular tissue just around. Inflam-

matory reaction leads to the formation of a raised itching and painful

lump in the skin, often topped by a hair, which may be the centre of

a small pustule. Resorption may take place if the boil be carefully

protected from friction, etc., but the general rule is for suppuration

to occur in from four to six days, and until the pus is let out the pain

and tension may be very severe. This is especially the case in such

situations as the auditory meatus, the nose, the perineum, and the

buttock. The greatest possible relief is obtained by an early incision

with a sharp narrow-bladed knife, followed by warm antiseptic

poultices

—

e.g. carbolic lotion, 1 in 60, on boracic lint covered with

oiled silk or guttapercha tissue. Granulation and healing will quickly

occur in the case of a small boil, but a carbuncular slough may be of

very large size, and the resulting excavation may take several weeks
to fill up. This slough is of a greyish-white swollen aspect, adhering

for some time to the surrounding corium by processes, traction on

which is extremely painful. The orifices through the overlying skin

may be very numerous unless an early incision has been made, and
there is, as a rule, considerable undermining of the edges. Micro-

cocci are readily found in the discharge, and occasionally long

bacilli, which resemble somewhat those of malignant pustule or true

anthrax. In the latter affection (which in England is only met with

amongst those engaged in sorting or carrying hides of dead sheep or

oxen, or who are otherwise brought into contact with them), no pus

is formed, there is a small black eschar at the centre of a large patch

of congested and swollen skin. (See page 31 1.) The constitutional dis-

turbance also is much greater, the patient's temperature, for instance,

with a malignant pustule may reach 104° to 106°, and the prognosis

is infinitely more grave. Nevertheless, a carbuncle, if of large size,

and occurring in an elderly subject with diabetes or in feeble health,

may prove fatal, either through exhaustion or pyaemia, or by the

supervention of erysipelas or diffuse cellulitis.

Carbuncles of the face, especially those of the lips, are perhaps

more dangerous than any others, probably owing to the extreme
vascularity of the part, and the readiness with which the poison

enters the veins.

In the case both of carbuncle and boils there is a marked
tendency for infection of adjacent parts of the skin, particularly

when ordinary poultices are used ; sometimes a regular crop of

smaller boils form around the primary one. Hence care should be

taken to renew the dressing frequently, to use one no larger than

is strictly required, and to foment with a solution of carbolic acid or

corrosive sublimate instead of the linseed or bread poultice.

The regions of the body most often affected have already been
mentioned. It remains to note that the dorsal surface of the fingers
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(especially over the first phalanges) and the axillae are also frequently

the sites of furuncles. The coarse hairs and accessory glands

present, and the free perspiration in the latter position no doubt
explains this fact. The scalp, however, is but rarely affected by
either boils or carbuncles.

No part of the body is wholly exempt, and in certain unusual
situations, such as the penis or the toes, a boil may give rise to

considerable difficulty in diagnosis. The slough due to a sub-

cutaneous or cutaneous gumma may resemble that of a carbuncle,

but the rapid and very painful onset of the latter always serves to

distinguish it. It is asserted that carbuncles in diabetic subjects

are more insidious and less painful than the ordinary form, but this

is only true in some cases. It must be noted that the sloughing in

such diabetic patients may be very extensive and deserve the term
of gangrenous cellulitis, recovery being comparatively uncommon.

Treatment.—In the early stage of a boil remove all pressure or

cause of friction from the part, protect it with a small antiseptic

fomentation, or use a thick circular pad of felt-plaister. Painting
the surface with tincture of iodine, or counter-irritation around the

inflamed area with the same application, or injecting a few minims
of carbolic acid dissolved in glycerine into the circumference of the

boil, are methods recommended to prevent suppuration. They,

however, often fail, and when pus has been formed, and there is

much pain and tension, the surgeon should not hesitate to incise. The
old-fashioned free crucial incision is probably now rarely employed.

An ancient plan of treatment of carbuncle has, however, been lately

revived, consisting in cutting with scissors and scraping away all

the slough, in the belief that this shortens the healing process.

An anaesthetic should be given in order to do this. Undoubtedly
some time and, perhaps, considerable pain are occasionally saved by
this plan, but on the other hand the risk of opening up veins and
causing pysemia appears to be distinctly increased, and many
surgeons have on this account abandoned it.

A good wholesome diet should be enjoined, with some wine or

stout if the patient's health be depressed. Toirics, such as quinine,

are useful, and the state of the alimentary tract should be attended

to. A brisk purge is almost always advisable in the stage of tension

and pain, and after this salicylate of bismuth or salol is recom-

mended with a view to intestinal asepsis. To promote healing after

the slough has come away there are few applications better than
boracic or carbolic fomentations, but for an alternative the nn-

guentum resinse is useful, as is also iodoform diluted with three parts

of boracic acid.

Various internal remedies are vaunted as preventing the

tendency to repeated crops of boils, which some patients suffer from.

Chief of these are sulphide of calcium and yeast ; they are probably

equally useless. Careful attention to the patient's diet and general

hygiene and, if possible, a change of air to a bracing seaside resort,

are far more likely to do good.

x *
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It remains to be noted that in the case of carbuncle occurring in

diabetics, a special diet, in which sugar and carbo-hydrates are

largely excluded, may be advisable ; albuminuria may indicate a

milk diet, whilst in any case, if the pain and distress accompanying

the sloughing be severe, opium or morphia should be given in appro-

priate doses. The older the patient the more is this drug indicated,

and it may well be combined with quinine.

MollusCUm COIltagioSUm.—This rather rare affection consists

in the occurrence of a number of small raised umbilicated tumours,

which are solid and have a structure resembling somewhat that of

a sebaceous gland.

They occur, as a

rule, on the face and
neck of children,

more rarely on the

genitals, the trunk,

etc., of adults. Their

size varies greatly,

from that of a pin's

head to a pea, and
they rarely exceed

this limit, having a

tendency to inflame

and to drop off when
they have attained a

certain size. The ac-

companying woodcut
(Fig. 200) shows a

crop of molluscum
contagiosum on the

eyelid, cheeks, lips,

and neck of a child,

and in the larger

ones the central de-

pression can readily be seen. They are aptly compared to mother-

of-pearl buttons ; their sharp definition, pinkish colour, and central

depression all favouring this comparison. They usually develop

in a crop and are undoubtedly contagious in a mild degree.

Conclusive evidence of this is obtained in some cases where a

suckling woman develops them around the nipple, and the infant

has them on the face ; in adults a very extensive crop of molluscum
contagiosum on the trunk, etc., may follow a Turkish bath with its

attendant shampooing. The exact medium of contagion is doubt-

ful, but probably consists in the centoal cells of the molluscum body,

which are by some considered to be parasitic in nature. They have
little importance except from the point of view of diagnosis

;

especially is this so when they occur on the penis and scrotum,

when they are apt to be mistaken for venereal sores. Although some-

what resembling in microscopic structure a sebaceous gland, they

Fig. 200.—Molluscum Contagiosum on the Neck, Cheeks,
Eyelids, etc. , of a Child.
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certainly do not commence in the glands, but may start in any
part of the skin surface.

Treatment consists in snipping them off with scissors, or in

making an incision through them and squeezing out the whole
molluscum body, which always presents a well-defined capsule.

LupUS.—This disease is to be regarded as a form of tuberculosis

of the skin, extremely slow in its course and difficult to cure. It is

divided into lupus vulgaris and lupus erythematosus, the former
being much the more common. In both there is an infiltration of

the corium with granulation tissue (masses of small cells, which may
degenerate and lead to ulceration or organise into fibrous tissue).

In both the disease tends to persist indefinitely, and to spread at

its edge ; in both a certain amount of evidence can generally be

obtained proving their relationship to tubercular affections {e.g.

history of phthisis in near relatives, occasionally the development
of " strumous " glands or joints in the patients). In both, the face

is the region of the body most often attacked. Finally, cases are

sometimes met with which seem to combine the characters peculiar

to common lupus and to lupus erythematosus.

Features of the two varieties.—The following are the

chief distinguishing features :— 1. Lupus vulgaris usually commences
in childhood or early adult life, the erythematous form generally

after thirty years.

Note.—Exceptions to both these rules are not infrequent.

2. Lupus vulgaris causes much more infiltration of the skin, and
tends to ulcerate far more commonly than lupus erythematosus.

The former may destroy or lead to the atrophy of deeper structures,

such as the cartilages of the nose, the ears, the bones of the fingers.

3. In lupus vulgaris, beyond a tendency to the formation of

" satellite " patches around a primary one, there is nothing special to

be said about the grouping of the infiltration-nodules. In lupus

erythematosus there is a very marked tendency to symmetry, and in

particular the nose, both cheeks, and the hollows of the external

ears are often invaded to precisely the same extent on both sides.

The "bat's-wing" form of lupus erythematosus is very characteristic

—the nose representing the body, and the patches on the cheek the

two wings. The forehead towards the hairy scalp and the latter

itself are also frequently involved, the backs of the hands less

commonly. The disease is rarely seen except in the situations just

mentioned, whereas common lupus may occur on any part, e.g. the

feet, external genitals, arms, etc.

4. From the point of view of the microscopist, the cell-infiltra-

tion of common lupus is very prone to degeneration, is often accom-

panied by giant-cells ; and by careful search tubercle bacilli (or

micro-organisms indistinguishable from them) can be found in

small numbers. The latter have rarely, if ever, been discovered in

typical lupus erythematosus, in which, moreover, the infiltration is

especially arranged around the sebaceous glands and the small vessels

of the skin. Dilated tufts of the latter, often suggesting to the eye
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nsevoid structure, are one of the most characteristic features of

lupus erythematosus. In common lupus a pinkish semi-translucent

appearance may be present in the nodules, and has given rise to

the comparison to " apple-jelly."

5. With the greater tendency of common lupus to ulcerate must
be associated the occurrence of crusts or scabs, and sometimes of

considerable pus formation.

6. Lupus vulgaris may attack mucous membranes, especially

those of the lips, nose, palate, and eyelids.

It may be noted finally that both common lupus and lupus

erythematosus are mainly diseases of temperate or cold climates,

being rare for instance in Australia, and the cases are nearly always
benefited by removal to warm and equable climates.

Stages of lupus.—The following stages of lupus vulgaris may
be enumerated.

There is first a nodule of cell-infiltration of a pink or brownish-

red colour ; this spreads at its edge, fresh spots are formed in the

vicinity, and they may persist in this form for many months or even
years. As a rule, before long a pustule develops at the centre of

the nodule, it bursts, and a small scab-covered ulcer results. The
ulceration increases both at the edge and to a less extent in depth,

and may occasionally cicatrise spontaneously ; this, however, is rare,

and even should it occur at one point the disease is probably con-

tinuing to spread at the edge. The scars left by common lupus,

whether the result of treatment or not, are often coarse and thick,

and prone to break down again : in other words, it is very difficult

to thoroughly eradicate all the cell-infiltration, which is the essence

of the disease.

A very common site for lupus to begin is the nose or cheeks,

and from here it tends to invade the skin in the direction of the

larger blood supply, i.e. towards the neck. Pain and itching

are rarely marked, though the ulcers and scabbing may cause

discomfort.

It is most important to recognise early and to treat vigorously

every patch of lupus, since if neglected the scarring may lead to

deplorable contractions and deformity ; ectropion, narrowing of the

nostrils or mouth-aperture, and contraction of the neck being each

not infrequent in old and neglected cases. Further, if it once

invades the mucous membranes of the mouth, etc., it is especially

difficult to cure and has occasionally led to death by extension to

the larynx.

Diagnosis.—The diagnosis, bearing in mind the features already

described, is not as a rule difficult. If very superficial and attended

with a thin dry crust instead of a scab, it may resemble a chronic

form of eczema ; but the frequent presence of scarring and the more
marked infiltration in common lupus will usually decide the matter.

The chief difficulty arises in distinguishing common lupus from

tertiary syphilitic (acquired or inherited) lupus. The two diseases

are totally distinct, and the proper treatment for one will be quite
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unnecessary or injurious in the other. The diagnosis is fully dealt

with in the section on Syphilis. (See page 414.)

Complications.—Amongst the complications of long-existing

lupus may be mentioned the following :

—

(1) The occasional occurrence of tubercular (caseous) disease of

the nearest lymphatic glands. This is, considering the true nature

of lupus, surprisingly rare. It may be noted that experiments on
rabbits, etc., have proved that if some of the lupus infiltration be
inoculated into the aqueous chamber of animals it is followed by the

formation of tubercle nodules in the iris, etc.

(2) The occurrence of a widespread outbreak of lupus nodules

on many parts of the body, quite remote from the primary patch.

This curious fact, observed most often in children, can only be
explained by infection through the blood. These secondary patches

may greatly improve or almost disappear after a time, or they may
prove inveterate.

(3) Epithelioma is not an infrequent complication, occurring in

elderly people, usually in the centre of a very chronic patch of lupus.

It is generally of an exuberant or fungating type, and though certain

to kill if left alone, may not recur if freely excised. Horny gTowths
are also occasionally met with, and when lupus develops on parts

with thick epidermic covering, such as the feet or hands, it has

usually a warty appearance and hard consistence, very unlike the

soft pinkish nodules common on the face.

(4) Atrophy of the digits, etc., when the hand is extensively

involved, has already been noted. Here disuse and failure of

growth must be assigned an important part in the production of

the deformity, which occasionally affects a whole limb.

Treatment.—The treatment of common lupus consists in most
cases in vigorously attacking the diseased patches, either by Volk-
mann's scoop and Paquelin's cautery, or by excision. Constitutional

treatment (cod-liver oil, generous diet, etc.) is rarely of any use,

and any local measures short of those above indicated are, as a rule,

only attended with disappointment. If the lupus be very superficial

a trial may be made of strong salicylic acid plaisters (e.g. 20 per cent.),

and some cases are too extensive to treat at all ; in the majority, how-

ever, much improvement follows scraping, cauterisation, or excision.

In the former method a small sharp scoop should be used, and
the scraping can hardly be done too energetically ; the soft infiltrated

areas alone are affected by the scoop, and it is well to use a fine

pointed cautery in the excavations made. Pure carbolic acid is a

mild caustic of occasional value. Kelapses are, unfortunately,

frequent, and on this account many surgeons advocate excision,

followed by grafting large thin epidermic layers from some healthy

part of the skin (Thiersch's method). This is sometimes most suc-

cessful, but is only suitable for certain selected cases where the

disease is very limited. The grafts are cut by means of a razor,

and may be applied either immediately after the excision, or later

when healthy granulations have developed.
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The treatment of lupus erythematosus is not very satisfactory.

Perhaps the best results are obtained from cauterisation and
scraping, but in many cases the patient prefers less heroic measures

;

then a trial should be given to a fairly strong tar ointment (half-a-

drachm of liquor bituminis to the ounce of vaseline) or to the

unguentum metallorum (B.P.).

Melanosis.—This term is applied to new growths—either

sarcoma or carcinoma—in which dark pigment is present in the

cells. It may commence in any part of the skin, not infrequently

at the site of a congenital pigmented mole, or in the choroid layer

_

of the eye. Occasionally it is met with in mucous membranes,
e.g. that of the hard palate. It is a rare disease, but of great im-

portance from its tendency to rapid dissemination in the viscera,

especially the liver. The extent of these secondary deposits and
the apparent rapidity of their formation bear no relation to the size

of the primary growth. Occasionally one sees the liver increased

to twice its normal size and coal-black from melanosis, resulting

from an insignificant little mole, or what seems to be merely a

small dark stain of the skin. In these cases, however, there is

always a certain amount of growth, consisting of rounded or spindle

cells, at the site of pigmentation. Sometimes this growth is not of

sarcoma tissue, but of cancerous structure, starting from the deeper

layers of the cutaneous epithelium and with a distinctly alveolar

arrangement. Besides causing secondary deposits in the large

viscera, a melanotic skin-growth is very apt to affect secondarily the

nearest lymphatic glands, which enlarge considerably, and on section

are found to be dark brown or black in hue. Finally, multiple

subcutaneous tumours may form in the neighbourhood of the

primary growth, also pigmented, and no doubt due to deposits

through the cutaneous lymphatic system.

Melanotic growths occur with equal frequency in the skin and
the choroid coat of the eye (page 470). Allusion has been made to their

occasional development in and around a congenital mole, and the same
fact is said to have been observed with regard to neevi (this is certainly

very rare). When a mole becomes the seat of melanosis, besides the

marked increase of pigmentation there is often an area of congestion,

and, perhaps, of perceptible infiltration of the adjacent skin. Micro-

scopically the pigment is found in the cells of the growth, sometimes
as dark granules of "melanin," as well as free. Primary melanotic

growths have been met with in all parts of the skin, for instance on
the abdominal or chest wall, the nose, cheeks, and eyelids. They
sometimes commence around and under the nails of either fingers

or toes, and in this situation may readily escape diagnosis for some
little time. It is stated that in a few cases the first growth occurs

in the lymphatic glands.

The diagnosis of commencing melanosis is most important, since

the only chance for the patient is an early and free excision. It

must be remembered that the actual growth may be small, and

indeed there may be apparently merely a dark stain covered, and
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to a certain extent concealed, by thick unaltered epidermis. If

there is any suspicion of such a pigmented patch, or of the melanotic
transformation of a mole, it is by far the wisest plan to resort to

the knife. When once the lymphatic glands are involved, or when
many secondary nodules have formed in the surrounding tissues, it

is too late to expect much benefit from excision. Melanotic tumours,
however, vary somewhat in malignancy. Thus I have known a
case of melanotic sarcoma of choroid spread through the sclerotic

into the orbit, prove impossible to remove, and six years later

(although a black discharge persisted from between the eyelids)

there was no sign of secondary growths.

As a general rule it may be said that in no form of malignant
growth is resort to early and free excision of more importance to

the patient than melanotic sarcoma or carcinoma. (See also

Art. XXII. page 469.)

Diseases of the nails.—In the course of severe general

eczema or psoriasis the nails are apt to suffer in their nutrition,

to become thickened or occasionally to be shed. Less marked dis-

turbance in their growth is sometimes met with after severe attacks

of fever, such as typhoid.

In old people, especially if the care of the nails be wholly neglected,

they may grow to an enormous size, becoming curved and of ex-

tremely hard consistence. The term onycho-gryphosis is then applied

and, if much in the way, such hypertrophied nails are best removed.
A very troublesome and fairly common affection is ingrowing

toe-nail, where the free border of the great toe-nail becomes em-
bedded in the soft tissues ; this is especially seen at the outer edge of

the nail and is usually due to cutting the nail too short, or to lateral

boot-pressure. Unhealthy granulation tissue tends to form over the

edge of the nail, and there may be ill-smelling purulent discharge.

The condition is, as a rule, exquisitely tender and painful, and may
greatly hamper the patient's movements. Some relief is to be
obtained by carefully thinning and scraping down the central part of

the nail, by strict cleanliness, and the use of an astringent antiseptic

powder to the inflamed part {e.g. equal parts of tannic acid and iodo-

form), and by the frequent insertion under the edge of the nail

of a strip of linen or tinfoil. In severe cases which fail to yield to a

careful trial of these measures (combined with the wearing of broad

shoes or boots) an operation is called for. The patient should

be anaesthetised (bromide of ethyl or nitrous oxide gas answers

admirably), and the affected part of the nail should be cut off right

up to the matrix with strong scissors and then pulled out. At
the same time the overhanging soft tissues should be cut away
with a scalpel. It is rarely necessary to remove more than one-

third of the width of the nail. A dry antiseptic dressing should

be bandaged on, and the patient should wear a soft slipper until

healing has occurred. Relapse of the deformity is not very un-

common, and to avoid this it is absolutely necessary for the patient

^o wear broad-toed comfortable boots.



T20 DISEASES OF THE SKIN.

The nails occasionally suffer in both congenital and acquired

Hyphilis. (See page 398.)

As the result of injury in children a curious disease is sometimes
met with, known as onychia maligna. In this one of the finger-

nails becomes loosened from its bed, and there is such inflammatory
thickening of the matrix and surrounding soft parts that the digit

assumes a clubbed form. The duration is practically indefinite

unless proper treatment be adopted. This consists in the evulsion

of the diseased nail, and thorough cleansing with a strong antiseptic

solution, followed by the use of powdered iodoform, etc. The subjects

of onychia maligna are frequently ill-nourished children, and atten

tion to the general health and a good diet are advisable.

Peii-onychia (ungual whitlow).—As the result of inocula-

tion with septic organisms (the access of which may have been made
easy by some contusion or crush of the end of the finger), the bed
of the nail or its root is liable to suppurate, a most painful and
troublesome affection being thus produced. It is most often seen on

the fingers of nurses, surgeons, and the like, and often takes the

form of a serpiginous ulceration, which creeps round and may
wholly detach the nail from its matrix ; this, however, is only effected

after a long period of pain and disability, and the only speedy cure

is to be obtained by removing the nail and applying antiseptic-

fomentations, etc. In a certain number of cases, however, the nail

may be saved by persevering applications of carbolic solution, or of

nitrate of silver (5 grains to the ounce). The latter is very painful

for a time and blackens the nail, but certainly succeeds in checking

the progress of the ulceration better than any other remedy.

Even should this be successful the nail is apt to be distorted, and
if removed a new one will probably grow. It should not be forgotten

that primary syphilitic chancres of the fingers occur as peri- and sub-

ungual sores, which may be very painful, like the preceding disease

;

the indolent axillaiy gland enlargement is, however, an invariable

sequel if the sore be a chancre.

Medicinal eruptions.—A few words must be devoted to this

group, especially those eruptions which may follow the administra-

tion of drugs often used in surgery. By far the most universal

form is an erythema or papulo-erythematous rash on trunk and
limbs, which may, for instance, be produced by copaiba, cubebs,

chloral, and a host of other drugs.

The copaiba rash is a very striking one, having a deep pink

or red colour, confluent in patches, especially at certain sites, which
are rarely exempt from the spots, namely, round the wrists and
ankles. The extensor surfaces are involved more, as a rule, than

the flexor ones. It appears rather suddenly, may develop in a

subject who has been taking copaiba for weeks or months without

previous trouble, and is attended with considerable irritation. The
patient's urine will be found to become thick if floated on nitric

acid, but there is no marked line just above the acid such as would
reveal the presence of albumen. If the nitric acid be shaken up
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with the supernatant urine the cloudiness disappears and a quite

characteristic lilac colour is seen for a time. The eruption quickly

yields if an aperient saline be given and the balsam discontinued.

Cubebs may produce a very similar erythema, but ordinary
doses of sandal-wood oil never cause it.

Iodide ofpotassium, besides causing nasal catarrh and lachryma-
tion, and depressing the patient's mental and physical condition; may
cause a pustular eruption resembling acne, and chiefly found in the

regions affected by that disease. In some cases iodide (or bromide)
leads to pus-secreting granulation growths, which may attain a most
formidable size and appearance if the drug is pushed in ignorance of

the cause of the eruption. It is especially common on the face ; but
it must not be inferred that iodide eruptions are really very frequent.

Considei'ing the enormous number of patients who are prescribed

iodide of potassium, any skin eruption as a result is quite a rarity,

and for this reason is especially liable to be mistaken in diagnosis.
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CONTUSIONS OF BONE.

The result of simple contusions is more or less swelling of the

periosteum—immediate from extravasation, which may occur also in

the marrow and Haversian canals ; later, from inflammatory exuda-
tion. As a rule, this traumatic periostitis soon subsides. Occasion-

ally, tubercular or pyogenic organisms reach the injured spot, leading

to tubercular osteitis in the one case, to acute suppuration, perhaps

accompanied with symptoms of pyaemia, in the other. But between
a blunt object and a bone the soft parts are often lacerated, as when
a pistol ball strikes a bone obliquely : the injury is then compound.

Treatment.—Simple contusions are best treated by rest, eleva-

tion, and uniform compression, or by an ice-bag, until swelling has

ceased ; then moist warmth and, later, elastic pressure and massage
will promote absorption. In compound contusions, seen early,

careful disinfection and, if possible, closure of the wound must be

practised ; a reliable antiseptic dressing being used in any case. If

the wound is, or can be rendered aseptic and closed, the probability

of trouble is no greater than in a simple injury. If the wound
cannot be closed, some separation of the injured bone is likely to

result. If the wound suppurate, the clots in the veins leading from

the dead area become infected with pyogenic cocci, a state of

matters which formerly led only too frequently to embolic pyaemia.

A suppurating wound with bone bare in its floor may be treated

with iodoform and fomentations wrung out of 1 in 2,000 perchloride

of mercury lotion. Symptoms of osteomyelitis or of general septic

poisoning will necessitate removal either of the part, or of all the

bone bare in the wound, until apparently healthy bleeding bone is

reached in all directions.

WOUNDS OF BONE.

Incised wounds of bones are usually inflicted by sabres, axes,

and the like ; sometimes they are shallow or deep notches with

cracked margins and a more or less widely comminuted floor ; some-

times a flap of bone and of soft parts is raised, especially by sword
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cuts \ipon the side of the head, or a part containing bone may be
completely cut through and severed from the body.

Treatment.—Asepsis is of first importance, so that the dangers
to which the structure of bone specially exposes those suffering

from septic injuries may be avoided
;
yet a wound containing in-

jured bone, more or less cut off from its blood supply, must not
be deluged with strong antiseptics. Whichever is selected should

be used of strength proportioned to the probable infection, in small

quantity and intelligently, so that each drop may do its work.
Bleeding from a distinct vessel in bone is checked by plugging the

orifice with a bit of catgut, or of aseptic wax
;
general oozing, by

closing the wound and applying pressure, or if this is difficult to

maintain, by draining for 24 hours. Only if sepsis is probable

should loose fragments be removed. The wound should be closed

like one of soft parts only
;
given asepsis, bone raised in a flap will

probably live if the soft parts to which it is attached do so ; it should

be fixed by a few marginal catgut stitches, or by two or three tacks

of silver wire driven through both pieces and buried.

A small completely separated part containing bone, like a last

phalanx of a finger, has re-united, even after separation for an hour
or more. Antiseptics should be used most sparingly in the conduct
of such an experiment

;
periosteum should be united to periosteum,

and skin to skin. A dry wool dressing should be used, and the part

kept at rest. Bone exposed at the bottom of an open wound
granulates and skins over like soft parts, a thin adherent and
uncomfortable scar resulting.

FRACTURES.

Definition.—A fracture is a solution of continuity in a bone,

suddenly made, either by contusion or flexure (or torsion). This,

without the two last words, was the definition given by Richaixl

Wiseman in 1676.

Statistics. Frequency.—Fractures are among the commonest
injuries. P. Bruns shows, from over 300,000 cases of injury taken

to the London Hospital during 33 years, that they constitute one-

seventh of all injuries, are somewhat more frequent than sprains,

and ten times more frequent than dislocations.

Seat.—Gurlt, using nearly 52,000 cases from the same source,

calculates that fractures of the fore-arm bones formed 18 per cent, of

the whole ; of the leg bones, ribs, and clavicle, each 15 to 16 percent.

;

of the hand bones, 11 per cent. ; humerus, 7*8 percent. ; femur, 6 per

cent. ; foot bones, 2-9 per cent. ; face bones, 2-4 per cent. ; skull bones,

14 per cent.
;
patella, T3 per cent. ; scapula, 0'8 per cent. ; spinal

column, 0-3 percent.
;
pelvis, 0-3 per cent.; and sternum, -

l per cent.

Shortly, fractures of the upper extremity are twice (52-60 per cent.)

as frequent as those of the lower (25 -88 per cent.). The trunk

bones, among which he reckons the scapula (0'86 per cent.), con-

stitute 17 '66 per cent., and head and face bones only 3 -86 per cent*
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Age.—Using some 8,500 cases from different institutions, Brans
finds that the frequency-curve rises in the first, second, and third

decennia, then falls steadily—reaching in the fifth the level of the

first. In the ninth period nineteen times fewer fractures occur

than in the first. But, in proportion to the number living in

each period, the maximum number of fractures occurs between 30

and 40, the minimum between and 10 ; and old people (70 to 90)

are more liable to fractures than young (0 to 20).

Seat in relation to age.—Among children, fractures of both bones

of the fore-arm, of the radius alone, of the lower epiphysis of the

humerus and of the collar bone are most frequent ; in the lower

extremity, fracture of the shaft of the femur is most common.
Among adults fractures of limbs are frequent, those of the upper
being only slightly more common than those of the lower ; to these

are added fractures of the skull and bones of the trunk—especially

of the ribs—while fractures of the patella reach in adults their

highest point. In old age fractures of the lower extremity become
specially frequent ; that of the neck of the femur gaining an absolute

majority in patients over 80 years of age. "Fractures of the ribs, of

the upper ends of the humerus, and of the radius are also frequent.

Sex.—Bruns, from 3,742 cases, finds that males are to females as

3'8 to 1. But as there are more females than males living in each

decennium after the first, the correct proportion is M : F : : 4-5 : 1

.

Speaking of the absolute numbers of fractures occurring, and not

allowing for the numbers living at each period, about twice as many
fractures occur among males up to 20, about eight times as many
from 20 to 50, about twice as many from 50 to 70, after which age

about three times as many fractures occur among women as among
men (women are in excess by 14 per cent.).

Season has not a very marked effect upon the total number of

fractures occurring ; each season has its special dangers connected
with its special exercises and occupations. The influence of season

is least marked in adults ; children suffer most in summer, old

people in winter.

Occupations naturally have a marked effect in rendering those

pursuing them more or less liable to fractures ; but extended
statistics of different trades are wanting.

THE GENERAL ^ETIOLOGY OF FRACTURES.

Predisposing" causes.—These either tend to weaken certain or

all bones, or they bring about exceptional exposure of the bones to

injury. The influence which age, sex, season, and occupation have
upon fractures has just been pointed out. It is obvious that the

position, form, strength, and elasticity of a bone are most important.

Lastly, there are many pathological conditions which diminish the

strength of bones.

Physiological conditions. (1) Position.—A limb bone,

situate in an outlying part, used instinctively to protect the central
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parts, is far more liable to injury than a trunk bone ; the trunk, again,

is more difficult to protect, and is less sedulously protected than the
head. A limb bone in the line along which force travels towards the

centre is more liable to fracture than one not so placed—the radius

is more often broken than the ulna, and the tibia than the fibula

;

though it is true that, in the latter instance, after the tibia has
yielded, the fibula also often breaks, and that a twist of the foot,

by diverting the line of force, may lead to a fracture of the fibula

alone. The bones of the fore-arm and hand, leg and foot are more
exposed to direct injury than are the proximal portions of limbs.

(2) Form.—A straight column resists crushing more strongly

than a curved one, and all long bones are curved. Their structure

becomes specially weak when an angle is developed, as between the

neck and shaft of the femur. The longer and more horizontal

the neck, the more easily does it break under longitudinal strain.

(3) Strength and elasticity.—Bones vary greatly in those properties

which enable them to resist violence. The ribs, fibula, and clavicle

are the most elastic, i.e. they may be bent farthest without breaking,

and with subsequent perfect recovery of their form. The humerus
among long bones and the cancellous bones are least elastic.

The percentage composition of fully-formed bone, compact or can-

cellous, seems to be practically the same at different ages, and
in the two sexes. Given the same form and size, greater weight

means greater strength. Increase in length without proportionate

increase in girth and weight, implies relative weakness. We see

this in the great frequency of fractures between two and four years,

when falls are common, and the length of the limb bones is greater

in proportion to their girth than at any other period of life. So
long as a bone is growing actively, it is relatively more vascular and,

therefore, more porous and weaker than subsequently. On the

other hand, in old age the bones undergo eccentric atrophy as the

strain upon them lessens. Between the periods of growth and
degeneration, when their strength is most needed, the bones are at

their strongest. In spite of this, according to Bruns, 43*8 per cent,

of all fractures occur between 30 and 60, while 26*1 per cent, occur

between 1 and 30, and 29 -8 per cent, between 60
s
and 90.

When the bones of a limb are arranged to form a single rod, this

naturally breaks at its weakest point, e.g. the clavicle ; but in many
falls on the hand the limb is bent so that the brunt of the violence

is borne by the more distal bones, especially the radius. Although

we have now many careful measurements of the resisting power of

the different bones at various ages to force applied in the long axis

of the bone (crushing or tearing), at right angles to it (bending), and

at the end of a short lever fixed at right angles to the long axis

(torsion), our knowledge of the physics of the skeleton is far too

imperfect to enable us to calculate the result of violence transmitted

along a more or less bent limb, with all its muscles tense and acting

like springs to ward off violence from the centre.

Pathological conditions.— These weaken all or certain
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bones, so that they break under the application of slight force;

Fractures thus occurring are often spoken of as " spontaneous
fractures "—a contradiction in terms ; for " fracture " implies

that some force

—

e.g. the weight of the limb—has acted ; a bone
eaten right through is not "fractured." Fractures of this kind

are complications arising in the course of certain morbid processes,

of which, sometimes, they are the first noticed symptom.

(1) Atropliy of bone owns many causes. It would be best to name
the varieties from their causes ; but in some the aetiology is unknown,
in others it is complex. The latter seems to be the case in senile

atrophy. In old age the vitality of the cells of the body becomes
exhausted, with impaired functional activity and proneness to

degeneration as consequences ; the general feebleness and mal-

nutrition of old age result. As muscular strength fails, the bones

are subjected to less and less severe strains, and absorption of

material no longer required occurs. Possibly degeneration and
imperfect performance of function by the bone-cells increase the

weakening. The size of a bone remains unchanged, but it becomes
progressively lighter and more porous, owing to increase of all

medullary spaces at the expense of the solid bone. Senile atrophy

affects the long bones chiefly. It is more marked in women than
in men, probably on account of their more sedentary lives. Its

changes may appear early or late, in accordance with the health and
habits of the individual ; in some degree they may be regarded as

physiological, though old bones are not uncommon which have escaped

them entirely. But when they appear early in life, or advance out

of proportion to the age of the individual, they must be viewed as

pathological. The great frequency of fracture of the narrow part of

the neck of the femur in old people, especially women, and from
slight violence, is due to weakening of the cancellous tissue of the

femoral neck by senile atrophy.

Atrophy from disuse is common. When, for months or years,

a limb is kept at rest by paralysis, or disease of bone or joint, all the

tissues waste and become fatty; the bones may do so to an ex-

treme degree, being easily cut with a knife. Here the first element

in the aetiology is impaired blood supply, due to non-performance of

function by the muscles, each contraction of which causes an
affluxus shared by the bones. When, as is commonly the case,

disuse begins in childhood, impaired growth adds greatly to the

effect of atrophy. It is possible that in these cases there may be

some trophic influence at work also.

Thinning of a bone by the constant pressure of an aneurysm or

simple growth may end in fracture.

Nerve influence, or the absence of it, is almost certainly con-

cerned in producing the atrophy associated with tabes, perhaps, also,

in that of chronic brain disease, especially general paralysis. The
frequent occurrence of fractures, commonly multiple—36 in one

case—in general paralytics has long been known. Formerly attri-

buted to violence on the part of attendants, it is now recognised
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bliat in these patients the bones undergo eccentric atrophy, so that

sometimes even limb bones may be cut with a knife or crushed by
the fingers. The ribs are first and chiefly affected, then the limb
bones and other bones of the trunk and head. The naked eye
shows the compact layer to be porous and wasted, soft and dark

;

organic matter is in excess, and lime is deficient. The causes of

fracture, when detected, have often been insufficient.

But the evidence in favour of atrophic influence is far stronger

in tabetic cases, to which Weir Mitchell drew attention in 1873.

Charcot in 1874 published the case of a woman who died at 61,

having shown signs of tabes for 26 years. During the last 18

years she had sustained painless fractures, from slight violence, of

both scapulae, the left clavicle, both bones of both fore-arms, and the

left femur ; spontaneous dislocation of both hips and one shoulder also

occurred. All the fractures had united with more or less shortening,

but with an excessive amount of callus. Many cases have since been
described ; they are not very rare—many fractures in tabetics being
missed, owing to the fact that they occur before ataxy develops. One
painless fracture is frequently succeeded by others, and the cause is

usually disproportionate to the effect ; the lower limb bones, especially

the femur, are affected more commonly than those of the upper limb.

Union generally, but by no means always, occurs in about the usual

time, and often with excessive callus ; refracture may follow feeble

union. Naked eye and microscopic examination have demonstrated
in tabetic bones a simple eccentric atrophy, without sign of

inflammation ; but Regnard stated, as the result of his analyses,

that the proportion of organic to inorganic constituents was more
than reversed (76 to 24 instead of 33 to 66), which would not be the

case in a simple atrophy. It is the occurrence of this atrophy
in tabes, before muscular weakness, or even before inco-ordination

appears, which renders a trophic influence of the central nervous
upon the osseous system so probable. (See also page 897.)

(2) Fragilitas ossium.—This heading includes certain cases in

which the bones are unduly fragile—in which an atrophy has been
assumed, but has never been demonstrated. It is best to admit that

we have no knowledge on the point. A good many cases are

recorded, in which many fractures from trifling causes have occurred

in members of three or four generations of a family, the predisposing

condition of bones being inherited. In other instances, this liability

to fractures has appeared, without heredity, in early childhood or

later. The tendency has generally lasted throughout life. As a

rule, firm union has occurred in the usual time; occasionally healing

has been delayed. In these cases no general disease and no other

skeletal defect has been detected. Example : A boy of 13 had sus-

tained fourteen fractures from slight falls and twists—of the femur,

of the fore-arm, of the ulna four months later, and, again, after four

months, of the right humerus, radius, and tibia ; all united in 3 to 5

weeks. He subsequently sustained six other fractures. This boy's

mother had sustained five fractures of the left, and one of the right
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thigh, all from slight violence; the last preceded by severe pain in

the limb. Her brother, before he was thirteen, had broken one

femur nine times, the other twice, his arm once, and he is said to

have " dislocated his hip " once. (See also page 898.)

(3) Inflammation of bone, leading to necrosis, abscess, or caries,

may so weaken it as to lead to fracture from slight violence.

Necrosis is the commonest of these predisponents. Almost all

the patients are young—-under 21—and give a history of acute

infective osteomyelitis and periostitis, ending in the formation of a

sequestrum, which, whatever its length, embraces the whole, or

nearly the whole circumference of the shaft. The femur is in these

cases by far the commonest seat of fracture, which
usually occurs during the second month, when
the connection between the living and dead bone
is eaten through. If now the sheath, together

with any living portion of the shaft which may
remain bridging across the gap, is not strong

enough to support the weight of the limb, a frac-

ture may occur, even whilst the limb is supported

by a splint ; and is much more likely during a
dressing, a passive movement (Fig. 201), or a

sequestrotomy. Fracture of a fixed total seques-

trum is very rare; as also is fracture of the sheath,

so long as the sequestrum lies within it. But after

the removal of the sequestrum, bending and fracture

of imperfect sheaths are more common.
Osteomyelitis ending in abscess without the

formation of any, or any considerable sequestrum,

rarely leads to a spontaneous

fracture. The femur has most
often been the seat of the injury

owing to an abscess in the shaft,

close to, but not involving the

epiphysial line.

Tubercular caries rarely

leads to fracture of the shafts

of long bones, into which it

seldom penetrates deeply ; but
Billroth saw the tibia thus eaten

through. The ribs, the verte-

bral bodies, and the odontoid

process suffer more commonly.
Syphilitic caries, the result

of gummatous periostitis and
osteomyelitis, is another cause

of spontaneous fracture, which
is, howTever, very rare in pro-

portion to the wide distribution

of syphilis. The bones of the

Fig. 201.—A longitudinal Section of the lower
End of a Boy's Femur. He was admitted
for necrosis of the femur and suppuration
of the knee joint, and the tibia appeared to

be dislocated backwards ; but after amputa-
tion it was found that the femur had been
broken, probably by passive movement,
about 1 in. above the epiphysial line, and that
the fragments had been united with angular
deformity forwards. A considerable se-

questrum of the popliteal surface, still ad-
herent, is shown in section, its lower end
lying in a cavity in the lower fragment.
The bone is excessively porous, and deposit
of new bone is wide-spread. (University
College Museum, No. 277.)
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tipper limb, especially the clavicle, are the commonest seats. A
history of syphilis, of bone pains preceding the fracture, of a

periosteal swelling—though, according to Chiari, a central gumma
may give no superficial sign of its presence—the existence of

signs of syphilis, and the satisfactory results of antisyphilitic treat-

ment, constitute the evidence upon which a diagnosis may be made.
Gummatous infiltration of shafts of long bones near to, but not in-

volving the epiphyses, may occur in infants the subjects of congenital

syphilis, and may lead to fracture before, during, or after birth.

(4) Rickets is a very important predisponent to fracture in

children. The practical result of the disease is that the material

laid down by the periosteum and epiphysial cartilage undergoes true

ossification irregularly or not at all; it forms a relatively weak,

friable, wide-meshed, calcified tissue (spongioid) which encases the

original well-formed bone of the shaft. The latter, however,

undergoes progressive absorption in the formation of the medullary

canal, and thus the bone loses its firmest portion. During the

height of the disease, when the bones contain the largest proportion

of this soft material, greenstick fractures are commoner than are

complete, and arise from slight violence ; but in the early stage

and stage of recovery, when the proportion of well-formed bone is

considerable, the fractures occurring are said to be more frequently

complete. After recovery from rickets the bones are often unduly
dense and strong, though small. According to Guersant, rickets is.

present in one-third of all fractures seen at the Hopital des Enfants
Malades in Paris ; and many cases of infraction are never taken to

a hospital. Multiple fractures are not uncommon ; sometimes
several occur in one bone, which may ultimately be greatly

deformed. Union is delayed, and may not occur at all during the

height of the disease ; usually it is effected slowly, and with the

formation of a large callus tumour, chiefly in the concavity. The
quality of the callus is that of the bone of the same period. (See

page 363.)

(5) Osteomalacia affects only adults and, typically at all events,

only women—especially multipara. It is characterised by decal-

cification of bone and subsequent absorption of the animal basis

by the hypertroph'ying marrow. The bones become thin- walled

shells full of red marrow ; indeed, all bone may disappear, and only

the periosteum remain around the marrow. The change usually

spreads more or less widely over the skeleton from the pelvic bones.

So long as crisp bone remains, fractures are common and unite well

;

later, all kinds of bendings result. The pelvis, ribs, and limb bones

are chiefly affected. (See page 898.)

(6) New growths.—Of simple growths, only chondromata have

given rise to fracture. They are less commonly central than sub-

periosteal, but the central are more likely to lead to fracture. Thus,

Gross found two fractures among ten central chondromata, but only

three fractures among sixty-three subperiosteal growths. Very
rarely, central chondromata seem to undergo cystic degeneration,
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and the cysts cause " expansion " of the bone, with great thinning

or complete absorption in places of the compact tissue—spontaneous

fracture naturally resulting.

Malignant growths of bones are primary (sarcoma) or secondary

(sarcoma or carcinoma). According to Gross, primary central

sarcomata, affecting chiefly the cancellous ends of long bones,

form more than half the cases, and spontaneous fractures arise in

about 20 per cent, of all central primary sarcomata. They occur in

only 5 per cent, of the primary peripheral growths. In both cases,

round- and spindle-celled growths tend more strongly than giant-

celled to induce fracture. In primary cases a tumour (Fig. 202)
is always present before fracture occurs.

Difficulties in recognising the cause of frac-

ture arise from the thickness of the covering

of the bone affected

—

e.g. about the hip

—

and from the possibility that displacement

and hiemorrhage may have caused such swell-

ing as is felt. The femur is most com-
monly affected, then the tibia, and then the

humerus.
Osteomalacia carcinomatosa is the name

which has been given to a very rare disease,

clinically like osteomalacia, characterised by
a diffuse malignant infiltration of the me-
dulla, commencing usually in the vertebral

bodies, and spreading thence over more or

less of the skeleton without forming distinct

tumours. The fractures and bendings are

most common in the spine.

Secondary malignant growths, usually

carcinomatous and central, cause spontaneous

fractures more commonly than primary.

Bruns found that, among 71 fractures from
secondary growths, the primary growth had

been mammary in no fewer than 59 instances—a predominance,

probably, due to the long course of many mammary cancers. Of the

71 fractures, 34 occurred in the femur, 20 in the spine, 3 in both

femur and spine, 11 in humerus, 1 each in humerus and spine, hu-

merus and both femora, and clavicle. As a rule, no tumour which

can be felt develops in these cases—the growths being small, central,

and often numerous ; or diffusely infiltrating the medulla. The diag-

nosis then depends upon the presence or history of removal of a primary

growth, and the occurrence of a fracture from an inadequate cause.

Formerly cancer was regarded as a cause of fragilitas ossium,

but research has shown that almost invariably a spontaneous fracture

in cancer is due to a secondary growth. It would not be surprising

if a condition like senile atrophy were induced by the long illness

which sometimes precedes death from cancer, but indubitable cases

are very difficult to find

Fig. 202.—A Primary Sarcoma
of the Femur of peripheral
origin which lias led to
Fracture of the Bone.
(King's College Museum.)
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Improbable as it seems, there are four or five well-recorded cases

of union occurring after fracture from malignant disease, the union
soon giving way again before continued growth of the tumour.

Hydatid cysts in bones are a rare predisponent to fracture.

Bruns collected 11 cases. Fracture seemed usually to have occurred

early, before anything amiss had been noticed, though sometimes the

inadequacy of the cause gave rise to suspicion. The diagnosis was
generally made at an operation for pseudarthrosis or at the opening
of an abscess. Among Bruns' cases the limb was saved only in

three instances—twice by resection of bone and removal of the

cysts, once by introduction of a seton, which induced suppuration,

elimination of cysts, and union of fracture. In the rest death

occurred from exhausting suppuration, or life was saved by sacrifice

of the limb.

As traumatic separation of epiphyses will be included under
fractures, it is right here to mention that spontaneous separation

occurs commonly in the course of primary infective periostitis and
osteomyelitis, as an occasional result of hereditary syphilis, and
rarely in scurvy rickets. Scurvy, as at one time met with, was said

to be a cause.

Determining" causes.—A fracture is always due to the action

upon the bone of force—either external violence, including the

weight of the part, or the action of muscles. External force seems

to be a far commoner cause of fracture than muscular action
;
yet,

were it not for muscular action fixing bones, it is probable that

many a fall which produces a fracture would fail to do so. Hence
the remarkable escapes of drunken and insensible people from
fractures of the limbs.

External force acts directly or indirectly, according as it pro-

duces a fracture at the point upon which it first acts, or at a distance

from this point. Thus, when a cart-wheel passes over a limb,

breaking the bones beneath it, the fracture is one from direct

violence ; but when the clavicle or radius is broken from a fall on
the outstretched hand, the violence has acted indirectly.

Whether applied directly or indirectly, force exercises either

traction or compression, torsion being a kind of traction. Pure
traction fractures are rare, and include only the tearing off of

processes by tendons and ligaments. Pure compression fractures or

crushes of bone are not uncommon, but to obtain the effect of pure

compression, the possibility of bending must be excluded ; otherwise

the fracture becomes in part a flexion fracture, in which compression

is exercised on the concave and traction on the convex side of the

bending bone. In flexion fractures, the break always occurs at the

point of greatest tension, and begins on the convex side, at the apex of

the angle. Numerous experiments and examinations of fractures

have enabled P. Bruns to construct diagrams (Fig. 203) illustrating

the more usual results of force so applied to a bone as to cause it to

bend beyond its limit of elasticity. They show the production of

infraction (a), transverse (b), and oblique fractures (c), and fracture
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with splitting off of a single wedge-shaped piece (d). The advantage

of a long diameter in resisting flexion is obvious ; the weights re-

quired to break the tibia by acting on its crest and on its inner

surface are as 17 to 12.

The effects of direct violence depend upon the weight, momen-
tum, consistence, form, etc., of the injuring body; upon the strength,

mobility, protection by soft parts, and such like conditions of the bone.

It compresses (crushes) a supported bone, bends an unsupported. The
soft parts covering the bone are necessarily damaged—bruised, torn,

stripped off,

crushed, and killed

„ . —according to the

nature of the ac-

cident, and the

form and position

of the bone.

The action of

indirect violence is

by no means so

simple, and it is

not possible clearly

to explain why in

similar accidents

such dissimilar re-

sults ensue as a

fracture of the os

calcis, of the base

of the skull, or of

some intermediate

bone, from a fall

on the feet. The
absolute and re-

lative strengths of

the bones con-

cerned, the
amount of force

at work (body-weight x velocity as a rule), the line of force,

the positions of the various bones with regard to this line, the

effect of muscular action, the freedom of the various bones to

move on each other, the resistance offered by the surface upon which
the patient falls—these are some of the points about which exact

information is indispensable before an accurate calculation of the

result can be attempted ; but inquiry along these lines will often

lead to a helpful hypothesis.

Indirect violence may act by producing one or other of the

following effects :—(1) Pure flexion, as when, the lower part of the

leg being fixed, the body falls to one or other side. The mechanism
is similar when a malleolus is broken off" by pressure of the astragalus

against its tip in extreme supination or pronation of wie foot.

-Diagrams illustrating me commoner Results of Flexion.
(P. Brans.)
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(2) End-to-end compression of a bone, causing increase of its

natural curve and fracture at the point of greatest tension and
weakness. Thus, in falls on the hand the radius is often com-
pressed between the capitellum and the carpus ; in falls on the foot,

the tibia ; in false steps, the femur—the neck being fractured. (3)
Compression of a bone, flexion being prevented, results in the

crushing of cancellous bones, and in the splitting up of large

epiphyses by the driving into them of smaller and denser portions.

Thus arise many fractures of the femoral neck and trochanter.

(4) Force transmitted across a joint through tense ligaments may
tear off tbe bone into which the ligaments are inserted. The
anterior radio-carpal ligament is credited by some with this action

in producing Colles' fracture. The malleoli, epicondyles, styloid

processes, and the like are sometimes thus torn off. (5) Torsion

fractures or, at least, fractures in the production of which torsion

takes a share, do not seem to be rare. In falls, after a limb has

reached the ground and has become fixed against it, the body
frequently swings round towards one or other side. Occasionally,

whilst the foot is immovably fixed, the body, to avoid a sudden
danger, is turned violently round ; or machinery may so twist a

limb upon the body, or a surgeon may execute such a movement in

endeavouring to reduce a dislocation.

The soft parts in complete fractures from indirect violence often

escape without obvious damage ; but the muscles usually, the skin

not uncommonly, the vessels and nerves rarely, are lacerated by the

ends of the fragments. Such damage as is done to these parts is

inflicted from within and by the fragments—a pointed piece of

bone being often found sticking through a hole in the skin. The
contrast in this respect between fractures from direct and indirect

violence is important, on account of the slighter injury to and less

danger of sloughing of the soft parts.

Muscular action, voluntary or involuntary

—

e.g. epileptic—is

said to be responsible for less than 1 per cent, of all fractures, but,

as before said, it probably shares with external violence the credit

of producing many more. Usually muscular action tears off a

process or an epiphysis—as the coronoid process or the tuberosity of

the calcaneum. A considerable proportion of fractures of the

patella is due to sudden contraction of the quadriceps to prevent a

backward fall ; but in most of these cases the bone is probably bent

and cracked across the condyles of the femur, i.e. it is a mixed
traction and flexion fracture. The ribs have been broken in fits of

coughing, also the sternum in a child of two years ; several times

the sternum has been torn in two by the action of the abdominal
muscles in labour. The cervical spine (4th or 5th vertebra) has

been broken five or six times by sharp extension, practised to avoid

striking the bottom in diving into shallow water. The clavicle has

not uncommonly been broken in powerful actions of the most varied

kinds. But the most remarkable fractures from muscular action

are those of the long bones. Gurlt collected 95 of these, and found
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that the humerus was the seat in 57, the femur in 25, the legs and
fore-arm bones in 8 and 5 instances respectively. The humerus
has usually been broken either in lifting a weight or in an action

like that of throwing a stone or striking a blow which misses its

object. In the latter case the shoulder muscles stop the upper end
of the bone, whilst the rest of the limb moves on, a fracture

resulting, which has been compared to that of a swinging stick just

beyond the grasp of the hand. The fore-arm bones have rarely been
broken by forcible pronation and supination, as in wringing clothes

In many of the fractures of the femur attributed to muscular

action, the momentum of the body turning upon the limb has intro-

duced the question of torsion ; and it seems likely that the same
may be said of the much rarer fractures of the tibia. Strong action

of the biceps has occasionally torn off the upper fibular epiphysis.

All fractures such as the above should be carefully examined for

some pathological predisposing cause ; only such cases are classed as

fractures from muscular action in which no such predisponent is

found.

VARIETIES OF FRACTURE.

Classification.—The most important divisions of fractures

—

simple, compound, and complicated—are based upon the condition of

the soft parts ; less important varieties rest upon the condition of the

bone. A fracture is simple when there is no wound of the soft parts

admitting air to the fracture. The presence of a wound not com-
municating with the fracture does not render the latter compound,
but practically it is impossible to draw the line when a wound exists

over a fracture. A fracture is primarily compound when a wound,
rendering direct infection possible, is inflicted at the same time as

the fracture ; it is secondarily compound when such a wound is

formed later, as the result of late perforation of the skin by a frag-

ment, of an incision, or of the separation of a slough. The later a

fracture becomes compound—the more freely the injured tissues are

granulating—the less dangerous is sepsis. Either a simple or a com-
pound fracture may be complicated by great bruising and extensive

stripping up of skin from the fascia, by unusual laceration of muscles,

by wounds of many or important arteries or veins, by injury to

nerve trunks, by tearing of ligaments, and by dislocation of the

fractured bone.

No description of the naked-eye appearances due to the above
lesions is necessary. Blood-stained fluid soaks far and wide, and,

clotting on torn surfaces soon conceals their structure ; but round
about the broken bones the blood generally remains fluid for days.

The conditions of the bone, upon which varieties are based, deserve

careful study.

Condition of the bone.—The bone may be broken completely

through into two or more distinct pieces (complete fracture), or the

solution of continuity may be incomplete {incomplete fracture). A
fracture is complete, even though the periosteum be untorn, and
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there be no displacement. Before an epiphysis has united, violence
may detach it completely or incompletely, thus constituting the
important group of traumatic separations of epiphyses.

Incomplete fractures are much rarer than complete; the
greenstick fracture is

the most important va-

riety. It is seen typi-

cally in the shafts of

long bones, as the result

of bending. A partial

transverse fracture

starts on the convex
side and traverses the

compact layers, whilst

the corresponding layers

in the concavity are

bent ; longitudinal fis-

sures often run up and
down from the trans-

verse fissures between
the broken compact
layers (Figs. 204, 205,

and 237). Sometimes
two oblique fissures start

close together on the

convexity, and diverge as

they pass towards the

concavity (Fig. 203, a)
;

rarely the fractures start

in the concavity. The
periosteum is generally

intact. Infraction is

probably most common
in the clavicle, then in

the fore-arm bones ; it

is rare in all others.

The great majority of

cases occur between 3

and 10 years, especially

in the seventh and
eighth years. Indirect

violence is the usual

cause, but direct vio-

lence sometimes results in

formity is the chief point

diagnosis of greenstick fracture rests

;

bone is seen and felt to be bent, and

Pig. 204.—A Greenstick
Fracture of the Radius
of a Child. The fore-

arm was bent towards
the radial side ; atrans-
verse fissure divides
the inner half of the
bone about its centre,

whilst the outer half
is bent. The upper
fragment is split longi-

tudinally for nearly
half its length, start-

ing from the fracture.

(King's Coll. Museum.)

infraction,

upon which
De-
the

the

the

Fig. 205. -A Greenstick
Fracture of the lower
End of the right Ulna
of a Boy, aged 14 years,
due to a machinery ac-
cident. The shaft has
besu bent inwards 1J
in. above its lower
end ; a transverse frac-

ture extends through
the outer three-fourths
of the bone, whilst the
inner fourth is bent.
The mode of formation
ofa longitudinal fissure

is clear. The lower
epiphysis was partly,

and the lower epiphysis
of the radius was
completely, separated.
(Charing Cross Mu-
seum, No. 355.)

results of the bending upon the shoulder or other part are
evident. Movement is not free in all directions, and may be
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absent ; but it is generally obtainable in that direction which

will increase the deformity and open more widely the fissure

on the convexity. Crepitus is slight or absent ; local pain,

swelling, and loss of function are more or less marked. As to

treatment, that for the corresponding complete fracture should be

used. Deformity should always be corrected—an anaesthetic and

a good deal of force being sometimes necessary—when it is such as

to interfere with the utility of the part , but in

a labourer's child a firmly-fixed infraction of the

clavicle need not be forcibly undone, especially

as the deformity tends to diminish with growth.

Function is resumed earlier after incomplete than

after complete fracture
;
yet Betz, who had an

opportunity of comparing the two in the same
child, forty daj^s after the injury, found the callus

much better developed and stronger in the latter

than in the former.

Isolated examples of typical infractions due
to machinery accidents have been described in

the fore-arm bones of young men, and still more
rarely of other bones of adults

—

e.g. of the acro-

mion in a man aged 54 (P. Bruns).

Infractions and bendings of flat bones are

seen almost solely in the bones of the roof of the

skull. Spoon-shaped depressions form on the

frontal or parietal bones, as a result of long

pressure against the sacral promontory in cases

of contracted pelvic brim ; they are said to show
bending without simple fracture. Similar de-

pressions from blows after birth always exhibit

radial fissures. The depressed bone is said gradu-

ally to rise. Very rarely in adults, when the
Fi

fl 1owin7riongH
f

iuiin

1

a

<

l
diPlog is thick

>
the external table has been de-

Fissure in upper Half pressed without affecting the internal.
of Shaft, starting be- -v _ j. 1 . i .i ^

low the Epiphysis. No fissures not passing completely through or
history. (St George's across a bone form the second variety of incom-
Museum, Series I. 20b. . . „, •'.

,

Pick's " Fractures and plete fractures. Ihey are common m the flat
Dislocations.") bones, especially in those of the skull ; some-

times as single clefts running in various direc-

tions, again as numerous cracks, radiating from a centre, or

running more or less circularly round a depressed area. In-

complete fissured fractures of long bones may be divided into

those which start from the joint ends (Fig. 315), perhaps extend-

ing into the shaft, and those involving the shaft only (Fig. 206),

These fissures are impossible of recognition in simple injuries, so we
do not know how frequently they occur. Usually a fissure is

recognised only in compound injuries by the nail or some pointed

instrument (when care must be exercised against mistaking a line

of suture for a fissure), or its presence is inferred from the occurrence,
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of bleeding, or of bruising at a point which lias

not been directly injured. Fissures of long-

bones probably heal well. In the skull it is

not uncommon to find that sufficient callus has
not been thrown out to close the narrow cleft,

the edges of which are rounded off and per-

haps connected by a delicate bridge here and
there. That Assuring of a joint-end renders a

contusion of a joint more serious, and opens
the way to possible hindrances to complete
recovery of movement, is clear.

Complete fractsares.—Tn these the bone
is completely divided into (a) two or (b) several

fragments :

—

(a) In the first case, the line of

fracture may bo (1) transverse, (2) oblique, or

(3) longitudinal ; and into this group fall frac-

tures of bony processes.

(1) Transverse fractures are those in which
the line of fracture is, on the whole, at right

angles to the long axis of the bone (Fig. 217)

;

the surfaces are sometimes smooth, more often

finely or coarsely toothed. This direction is

much commoner than the longitudinal, but not

nearly so common as the more or less oblique.

Transverse fractures occur chiefly in flat and
short bones, in the ribs, in the spongy ends of

long bones, and in the shafts of the long bones
of children. They are generally due to direct

violence bending the bone, but may arise from
end to end compression, causing the same result.

Displacement of the fragments is less liable to

occur than in more oblique fractures, but should

it occur in deeply-toothed fractures, it may be
impossible to reduce the fragments with accu-

racy. Close interlocking of the teeth may so

limit movement of the fragments as to cause

some difficulty in diagnosis. Union occurs

readily.

(2) Oblique fractures.—The line of fracture

crosses the long axis of the bone at an acute

angle in any direction. Including, as it does,

all fractures between the purely transverse and
purely longitudinal, and occurring chiefly in the

shafts of long bones, this group is by far the

largest. The best examples are seen in the

femur (Fig. 228) and tibia, and are due to

bending, produced generally by indirect violence

passing along the length of a bone, or applied at

right angles to the shaft, one end being fixed.

*"';;;
i

m

VMfflF

Fig. 207.—A spiral Frac-
ture of the right Tibia
seen from the Back
and outer Side. Two
fissures start on the
posterior edge some 2
ins. from the malleo-
lus ; the spiral winds
up across the inner
surface (dotted line),

then across the outer
surface on to the pos-
terior aspect ; here,

some 3 ins. above the
starting point, it is

joined by the nearly
vertical fissure which
lies entirely on the pos-
terior surface. From
the point of meeting a
fissure 5 ins. long as-

cends on the posferior
surface and another
(dotted line) not quite
so long ascends on the
inner surface from the
spiral fissure. No his-
tory. (University Col-
lege Museum, No. 304.)
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Oblique fractures of joint ends—especially of the lower ends of

humerus and femur—arise from indirect violence, driving the

articular ends together, so that its maximum effect falls on one

edge or half, which is thus split off (Fig. 292). The more oblique

the fracture and the smoother its edges, the greater the tendency to

displacement. The direction of the fracture largely controls the

displacement, one surface serving as an inclined plane upon which
the other naturally glides. A com-
mon result of an oblique fracture is

the formation of two fragments, each

of which looks like the mouthpiece
of a clarionet—this is the fracture

en bee de fdte, and is specially fre-

quent in the tibia (Fig. 314) and
femur.

The spiral fracture is a much
rarer variety, and is seen chiefly in

the lower half of the tibia (Fig.

207) and upper half of the femur
(Fig. 208). A fissure winds round
the shaft more or less obliquely,

sometimes including six or eight

inches between the point of starting

and the point in the fissure which is

vertically above it ; these two points

are connected by a practically ver-

tical fissure. From one angle or the

other, either the vertical or the spiral

fissure is usually continued, often into

a neighbouring joint. The long sharp

points which result are very liable to

pierce the skin and to cause serious

injury to deeper parts. Bruns states

that a number of the recorded cases,

though simple, have been brought to

light by the occurrence of suppura-

tion, gangrene, or other accident.

Koch and Filehne, by applying torsion to fresh bones, showed
that a spiral fracture could thus be produced with great con-

stancy, the fissure ascending to the right or left according as the

forceps holding the free end wore carried to the right or left.

(3) Longitudinal fractures are very rare in long bones, if the

term be used to include only cases in which a bone is split from
end to end by a fissure in or parallel to its median plane. There
are many instances in which the patella, and a few in which a ver-

tebral body and the sternum have been thus fractured; but Kronlein

could find recorded only one case in which a long bone—the tibia

—

was split from end to end by the kick of a horse. In this case, after

subsidence of early swelling, a longitudinal groove could be felt, and,

Fig. 208.—A Spiral
Fracture of the
upper End of the
right Femur. The
spiral fissure runs
from the point of
the upper fragment
(in the 1 inea aspera)
upwards and in-

wards, winds up
and out across the
front of the bone
(dotted line), and
finally ascends al-

most vertically to
the middle of the
upper edge of the
great trochanter
(not shown). The
vertical fissure is

shown, starting
and ending at the
same points. Se-
condary fissures in

its upper part S,

.

cause comminu-
tion; consequently
the point of the l'

1
"

lower fragment is

where the dotted
line ends. (University
Museum, No. 263, a.)

College
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later, tliis filled with callus. A post-mortem two years later confirmed
the diagnosis. A case of fracture of the clavicle from the acromial end
to a point just external to the sternal end, recorded by Chassaignac,

deserves to be mentioned. Kronlein saw the humerus longitudinally

split in a man of 27, who was endeavouring to lift a heavy ladder.

The subcutaneous fracture suppurated, necrosis of the fractured

surfaces resulted, and the diagnosis was made through incisions at

either end of the arm. Recovery was complete only after two years,

the shoulder and elbow being completely ankylosed. Kronlein
recorded also three cases of longitudinal fracture of the proximal
phalanx of the fourth and fifth fingers ; union was slow, and a good
deal of stiffness remained. A few almost complete longitudinal

fissures of long bones have been figured. This fracture has not been
produced experimentally. The points which would probably
characterise a longitudinal fracture are :—Early swelling along the

whole length of the bone
;
possibly the detection of a longitudinal

fissure in a subcutaneous part ; no angular or rotatory deformity,

no shortening ; crepitus throughout the length of the bone on
pressing the fragments together, on moving them upon each other, or

in rotating a distal portion of the limb ; swelling and tenderness of

the joint at each end of the broken bone. The prognosis is

necessarily less favourable than in less extensive fractures.

Separation of small fragments of hone.—The breaking off of

a bony process undoubtedly constitutes a complete fracture ; but it

does not destroy the continuity of the weight-bearing or force-

transmitting portion of the bone, and this has often led to the placing

of these fractures among the " incomplete."

The amount of bone broken or torn off

varies from a thin surface layer to which
a tendon is attached, to a whole process

with more or less of the adjacent bone. The
cause may be direct violence—as when the

acromion is broken by a fall on the point of

the shoulder, the coracoid process by a wheel

passing over its point, or the spine of a

vertebra by a blow. Or the cause may be

indirect violence, of which the following are

examples—fracture of the head of the radius,

or of part of the lower end of the humerus
from a fall on the hand ; or tension of a liga-

ment, stronger than the bone to which it is

attached, which it then tears off, e.g. fracture

of the epitrochlea in dislocations of the

elbow, fracture of the styloid process of the

ulna in Colles' fracture, and many other small

fractures accompanying dislocations ; or,

lastly, fracture of the tuberosity of the os

calcis, or of the great tuberosity of the humerus, from tension

of muscle, probably always due to contraction.

y 2

Fig. 209.—Extensive Com-
minution of Os Calcis, from
a lunatic who jumped from
a third floor window and
alighted on his feet. The
fracture was simple. (Char-
ing Cross Museum, No.
421.)
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Fig. 210.—Leg Bones (viewed from the Front)
after Amputation for a compound commi-
nuted Fracture of both bones.

A spiral fissure (a) winds from the fibular
fossa up and in across the hinder aspect
of the tibia on to the inner surface, where
it forms the upper edge of the gap shown.
Two vertical fissures, 6 and c, are seen ; they
are joined at d on the astragalar surface
and again at e. The lozenge-sbaped frag-
ment between a, e, b, and c, has been lost.
(University College Museum, No. 316.)

(b) A fracture is said to be com-
minuted when either a whole bone
is broken into bits (Fig. 209), or

when, as is more common, splinters

are broken off from the primary
fragments (Figs. 208 and 211). The
addition of a third small fragment
is hardly in accordance with the

idea suggested by the term " com-
minuted"; but we have no other

general term. Comminution is a
frequent result of direct violence,

such as the impact and wedge-action

of a bullet, or the passage of a
wheel over a part ; but it is often

caused by indirect violence also.

Thus, in fractures due to bending
there is a tendency towards the for-

mation of a wedge-
shaped fragment
on the concave
side (Fig. 203, d),

which again
may be broken
into many pieces

;

in spiral fractures

a lozenge - shaped
fragment is some-
times separated

between the spiral

fissure above and
below, and two
vertical fis-

sures, one on
each side (Fig.

210); and an-

other example
is yielded by the splitting up of the lower end
of the radius by impaction into it of the shaft.

The splinters may be in sitti, or more or less

widely displaced into the surrounding parts

;

they may be more or less completely stripped of Fig. 211.

periosteum. Sometimes, especially over spongy
bones, the periosteum is but little torn. Usually
the injury to soft parts is proportionate to the

comminution ; but the skin may preserve its con-

tinuity over pulped soft parts and innumerable
bony fragments (Fig. 209). On the whole, com-
minuted fractures of the shafts of long bones are

A Y-Fracture of
the lower End of the Fe-
mur. The foot of the Y
separates the two con-
dyles, while the two arms
embrace the wedge-shaped
lower end of the shaft.

This end is slightly com-
minuted. The fracture
was simple, but the knee-
joint suppurated. (Charing
Cross Museum, No. 390.)
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most commonly clue to direct, of the epiphyses and spine to indirect

violence.

The Y- and T-shaped fractures of the lower ends of the femur

(Fig. 211) and humerus (Fig. 255) appear to arise from both

direct and indirect violence ; in some cases it is thought that the

shaft is driven downwards as a wedge, and splits the joint end into

two pieces (indirect violence) ; in others (direct violence) that the

patella or olecranon acts as a wedge, and starts the fracture by a

fissure from the joint surface.

Double fractures of bones

—

i.e. two distinct fractures, sepa-

rated by a considerable piece of unbroken bone (Fig. 212)—are rare
;

they occur chiefly in the lower jaw, ribs, and long

bones, and almost always from direct violence.

Naturally, the difficulty of keeping the fragments

in position is exceptional. The passage from a

comminuted fracture to a double fracture is ob-

viously gradual. More than two distinct fractures

in the length of one bone are very rare.

Simultaneous fractures of many bones
in the same
or different

parts are com-
mon. Espe-

cially is this

the case with
bones of the

same part,

which are fre-

quently ex-

posed to the

same violence.

In these in-

juries the
diagnosis is generally rendered easier ; the prognosis, as regards

function of the part, and, in the case of the ribs, as regards

life, more serious. Simultaneous fracture of several bones in

different parts of the body results only from the most severe injuries,

is often associated with lesion of important organs, and a very

distinct mortality arises directly from shock. Should these dangers

be escaped, the various fractures usually heal well.

Traumatic separation of epiphyses.—Though not strictly

fractures, the two injuries are closely allied, being due to similar

violence, presenting similar signs, and requiring similar treatment •

often, indeed, they are combined. Yet, as separations of epiphyses

present certain clinical peculiarities, they must be specially treated

of. They are no longer regarded as very rare accidents ; but, owing
to difficulties in diagnosis, we are unable to say more than that

they are much less common than fractures.

Epiphysial discs have been found in long bones as late as 30,

Fig. 212.—A double Fracture of the Ulna. The upper fracture runs
down and back from near the centre of the greater sigmoid notch,
detaching the olecranon and subcutaneous surface. The second
fracture, an inch lower, was comminuted. The upper fragment was
fully extended by the triceps ; the middle fragment was drawn to
the front of the humerus by the brachialis anticus, and the head of
the radius accompanied it. (University College Museum, No. 205.)
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but no certain cases of separation seem to have been recorded after

21, at which age all important epiphyses have usually united.

Age*—As the violence necessary to separate an epiphysis is con-

siderable, and as young children are more carefully looked after than

older ones, these accidents are commoner after than before the age of

10, being most frequent between 16 and 17 (Bruns) ; but in one case

compound separation of the lower tibial epiphysis was produced in a

five months' foetus by the mother's falling from a height on to the

abdomen ; and there is a considerable group of cases, chiefly affecting

the upper epiphysis of the humerus, due to manipulations during

delivery.

Seat.—As to the frequency with which different epiphyses are

affected, the best criterion is probably afforded by the statements

of the number of cases which have come under the notice of

Mr. J. Hutchinson, junr., at the London Hospital. Mr. Hutchinson
during some years saw 17 cases of separation of the lower radial

epiphysis, 14 or 15 of the lower humeral, 13 of the upper humeral,

and 10 of the lower femoral. All are agreed that these are the

epiphyses most commonly separated ; but as to the exact order of

frequency, authors, basing their statements on collections of recorded

cases, differ. Thus Mr. Hutchinson's collection of over 350 cases gives

the following results:—Lower femoral epiphysis, 75; upper humeral,

66 ; lower radial, 54 ; lower humeral, 52 ; internal epicondyle, 38

;

lower tibial, 27; upper femoral, 26 (?) ;
great trochanter, 11; upper

tibial, 10 ; tibial tubercle alone, 6 ; lower ulnar, 6; upper fibular, 4;

clavicular, 3 ; upper radial, upper ulnar, and lower fibular, 2 each

;

small trochanter, 1.

Condition of the parts.—The force required completely to

detach an epiphysis is considerable, though no doubt slighter violence

often produces incomplete detachment or separation without displace-

ment—the real nature of the injury being missed. The periosteum

is the main obstacle to separation, the force required to tear off an
epiphysis after careful division of the periosteum being about one-fifth

of that required when this membrane is intact. The periosteum of

a growing bone is specially thick near, and has a close attachment
to, an epiphysis. When the latter is detached from the shaft, the

periosteum may be merely loosened round the latter; but if the

epiphysis be much displaced, the end of the shaft tears a hole for

itself in the periosteal tube on the side towards which it is

moving, and, after this, the epiphysis carries the periosteum with it,

stripping it off the shaft (Figs. 213 and 268). This extensive

denudation is peculiar to the injury, and is due to the toughness of

the periosteum and the looseness of its attachment to the shaft.

Still more important is the exact plane in which the separation

takes place. The main part of the epiphysial disc almost always

adheres to the epiphysis. Bruns collected 61 cases in which state-

ments were made on this point. In 5, all occurring in the earliest

years, the cleft traversed the disc about midway between the shaft

and the epiphysis, the surface of each being smooth and cartilage
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covered. In 23 the cleft traversed the zone of calcification between
the cartilaginous disc and the shaft, for the disc almost invariably

adheres to the epiphysis more strongly than to the shaft ; both
fragments then show elevations and depressions, and present small

calcified particles. Detachment in this plane is the rule in early

childhood. These two varieties may be spoken of as pure epiphysial

separations. The remaining 33 cases, all between 10 and 20, were
mixed epiphysial separations and fractures—the cleft lying to a greater

or less extent in the shaft parallel to, but just beyond the epiphysial

disc—so that both fragments are coated

with bone ; or in the calcifying zone of the

epiphysis at first, thence passing obliquely

into the tissue of the shaft (Fig. 291). The
" mixed " variety would appear to be the

commoner, but the numbers are too small

to decide the relative frequency of these

varieties. Whether or not separation of

an articular end will open into a joint

varies with the epiphysis, and even with
the age. Thus, at birth, separation of the

upper epiphysis of the femur, which in-

cludes head, neck, and great trochanter,

would be extracapsular ; three or four

years later there are separate nuclei in

both head and great trochanter, the neck
is fully ossified from the shaft, and a sepa-

ration of the upper epiphysis (head only)

is entirely intracapsular.

Signs.—These vary with the degree

and plane of separation, but the age must
always be such as to render the accident

possible. In well-marked cases, deformity,

abnormal mobility, and crepitus are pre-

sent. Crepitus is soft when the cleft lies

wholly in cartilage, rougher when it tra-

verses the calcifying zone, best marked when it invades the shaft.

In pure cases the plane of separation corresponds with the position

of an epiphysial disc. The end of the shaft may have a charac-

teristic form, and is usually convex, the epiphysis being correspond-

ingly concave—points easily concealed by thick covering or swelling,

and lost in mixed cases.

Diagnosis.—These accidents are distinguished from disloca-

tions just as are fractures of articular ends. Dislocations of the

elbow are most frequent between 5 and 1 5 ; otherwise separations of

epiphyses almost replace dislocations up to 20. From fracture of

the articular end, separation of the epiphysis is distinguished by the

plane of separation, the form of the fragments, perhaps a charac-

teristic deformity, and the quality of the crepitus. The age may
•decide in favour of fracture.

Fig. 213.—Separation of Epiphysis
of great Trochanter with wide
Stripping of the Periosteum
from the Shaft. (London Hos-
pital Museum.)
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Separation of an epiphysis, without displacement or tearing of

the periosteum, can be characterised only by slight mobility and
crepitus. Partial separation is unrecognisable unless accompanied
by a greenstick fracture and deformity. Such injuries are usually

taken for bad sprains, and are probably sometimes followed by im-

paired growth.

The prognosis has some special points in it. Generally the

functions of a joint are threatened by permanent displacement or

by callus, which tends to luxuriance owing to the extensive

stripping up of periosteum.

Suppuration and necrosis have occurred with undue frequency

as compared with fractures—a fact connected by some with the

wide separation of periosteum, which, at all events, implies a wide
area of injured tissues, in which pyogenic organisms would be likely

to settle and grow. Again, the deep layer of the periosteum,

like the junction of epiphysis and shaft, is actively growing, and
very vascular, and we know from experience of acute infective

osteomyelitis and periostitis, that these tissues are specially liable to

the attack of pyogenic organisms. But these considerations afford

a by no means complete explanation of the occurrence of suppura-

tion ; for, as Hutchinson points out, no suppuration occurred among
twenty-four cases of detachment of the lower humeral epiphysis,

whilst it followed in six out of ten cases in which the great

trochanter was concerned. Possibly this may be accounted for by
the fact that the great trochanter is generally detached by direct

violence, from which widespread injury of soft parts results. Abra-
sion of the skin would, of course, increase the liability to infection.

All authorities seem now agreed that marked impairment of
growth is only an exceptional result of these accidents. Experi-

ments on animals, the prolonged observation of cases occurring in

man, the rarity of shortening after Ogston's operation and
" redressement force " for genu valgum, the failure even of suppura-

tive epiphysitis always to arrest growth, coincide to show that the

epiphysial disc resists injury strongly. J. Hutchinson, junr., has

followed up six cases of separation of the lower radial epiphysis, in

only one of which did marked shortening occur. Even resection of

a protruding and irreducible end of a shaft does not necessarily stop

all growth. And we may recall here that detachment of epiphyses

is most common at an age when the growth to be expected from all

epiphyses, except those of the first importance, is so slight as to be

negligeable.

The most important factors in producing arrest of growth are :

—

(1) The plane of separation. Probably the danger is greatest when
the "preparatory zone" of proliferating cartilage cells is torn

through. (2) Permanent displacement of the epiphysis ; in animals

displaced epiphysial discs undergo rapid atrophy (Hutchinson).

(3) Any inflammation, especially suppurative. (4) Mechanical

destruction of growing cells by rough manipulations, which will also

excite inflammation.
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The earlier the injury, and the more important the epiphysis,

the greater will be the shortening. Cases of five and six inches'

shortening in the humerus, after early separation of its upper
epiphysis, have been recorded, the arm being otherwise well de-

veloped. When growth is arrested in one of two parallel bones,

however, the result is more serious, for the other necessarily curves

as its length increases.

Separation of an epiphysis may be compound or complicated by

the various injuries to soft parts given under fractures. Irreduci-

bility is generally due to the shaft being caught in the hole in the

periosteum, through which it has protruded, or to the slipping of a

tendon between the fragments. In compound cases it has oc-

casionally been found necessary to saw off the lower end of a

protruding shaft; in simple cases, otherwise irreducible, an open
operation would often be indicated, either to avoid arrest of growth,

improve function, or relieve surrounding parts from pressure, the

epiphysis being pinned to the shaft if necessary.

Displacement of the fragments in fractures is very variable

and important—for displacement gives rise to deformity, one of the

best signs of fracture. It may prevent the eliciting of crepitus

and abnormal mobility in the length of a bone ; and it may
prevent union by separating the broken surfaces. Unreduced dis-

placement may impair or annul the utility of a part.

There may be no displacement ; this is most common in incom-

plete or transverse toothed fractures, in fractures of one of two
parallel bones, and of bones covered with dense fibrous tissue, which
sometimes escapes untorn.

As a rule, the fragments are displaced in one or more of the

following directions :

—

(1) Angular displacement is very common, and does not cause

any noteworthy separation of the fragments. It is the only form
possible in incomplete (Fig. 205), subperiosteal, and deeply-toothed

fractures ; it is the usual displacement in simple transverse fractures,

and, coupled with overlapping of the fragments, is frequent in oblique

fractures.

(2) Lateral displacement alone is somewhat rare, and occurs in

transverse or nearly transverse fractures (Fig. 217). When incom-

plete, the broken surfaces are not entirely separated ; but when com-

plete, longitudinal displacement, separating the raw surfaces, is almost

certain to be added (Fig. 214). Some lateral displacement accompanies

the longitudinal displacement usual in oblique fractures : whether the

broken surfaces are separated in this case depends on the amount
of shortening.

(3) Longitudinal displacement includes several varieties:

—

(a)

Overlapping of the fragments—which lie side by side instead of end
to end—is the commonest. It is usually present in oblique fractures

(Fig. 288), also in transverse fractures after complete lateral dislocation

( Fig. 214). The surfaces are more or less completely separated, and the

limb shortened. Sometimes, in comminuted and in Y-fractures, the

Y *



746 INJURIES OF BONES.

shaft lies loosely among or between the fragments, (b) Impaction.

—

One fragment is driven into the other, becoming fixed more or less

firmly in it (Figs. 280, 3 17). Almost always the smaller fragment is im-

pacted in the larger

—

e.g. the head of the humerus into the shaft and
tuberosities, the shaft of the humerus into the tuberosities and head,

and so forth. Obviously, only a partial impaction—e.g. of one edge—of a larger fragment can take

place into a smaller. The cancellous ends of

long bones are almost the sole seats of impaction.

If the impacting force be great, the impacted
fragment, acting as a wedge, may split up the

fragment into which it is driven, and thus free

itself. Some other deformity, angular or rota-

tory, almost always accompanies impaction. So
long as impaction persists, the conditions are

most favourable to union. (c) Diastasis or

distraction.—The broken surfaces are drawn
apart. This is very rare in long bones, but is

said to have occurred in the humerus from the

constant drag of the distal portion of the limb.

On the other hand, longitudinal separation of

the fragments is usual in transverse fractures

of the patella (Fig. 307) and olecranon—the

fibrous covering being torn—and in fractures of

the coracoid (Fig. 245) and acromion. This dis-

placement is most unfavourable to bony union.

(4) Rotatory displacement round the long

axis of a long bone is common, especially in the

radius (Fig. 260) and the lower limb bones (Fig.

315). In the radius, rotation outwards of the

upper fragment in fractures above the insertion

of the pronator radii teres is the result of

unopposed contractions of the biceps and
supinator brevis. But in the lower limb the

natural tendency of the extremity is to rotation

out, and this is checked by tension of the front

of the hip capsule ; when, by fracture, this check
is removed, the part beyond the fracture

obeys the dictates of gravity. Rotation of

a fragment round its transverse axis is very
rare. The head of the humerus has more than
once been found thus rotated, even so far that

its cartilage-covered surface rested against the

tuberosities.

(5) Depression. Part of a bone, consisting

of one or many fragments, may be depressed

below the general level of the surface of the
bone ; this is best seen in the skull bones.

Fragments, especially of comminuted fractures, may be dis-

Fig. 214. — An almost
transverse Fracture of
the left Femur at the
junction of upper and
middle thirds, show-
ing complete lateral

displacement, back-
wards and inwards, of
the lower fragment,
followed by marked
overlapping. One con-
siderable splinter has
been split from the
lower fragment. From
a patient who hanged
himself on th e 64th day.
Union is feeble. (Char-
ing Cross Museum, No.
393.)
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placed in modes and in directions which do not admit of classifi-

cation.

Causes of displacement.—The direction and nature of the
line of fracture, though not causes, have a most important influence.

The more nearly transverse the line, the more irregular the surfaces,

the less the tendency to displacement, and vice versd. Also, any
lateral displacement is usually determined by the direction of the
broken surfaces, which glide on each other. For instance, in the
upper third of the femur the usual line of

fracture is from above, downwards and for-

wards, and the lower fragment glides upwards
and backwards under the influence of the

hamstrings ; as it does so it hitches against

and pushes forwards the upper fragment, thus

helping the psoas to flex it (Fig. 284). If the

fracture line tend inwards or outwards in its

course, the lower fragment, as it ascends, will

push the upper fragment inwards and outwards
;

and lastly, if the line be unusual

—

i.e. from
above downwards and backwards—the lower
fragment rises in front of the upper, and by
its weight annuls the effect of any contraction

of the ilio-psoas which may occur ; it thus

prevents the usual deformity (Fig. 285).

The actual causes of displacement are :

—

(1) The fracturing force which, continuing to

act upon the fragments, drives them before it.

Certain displacements— e.g. impaction— are

always due to this cause. (2) Elasticity of the

soft parts. (3) Muscular contraction, formerly

assumed to be constant or " tonic." But this

is not the case. The muscles contract inter-

mittently under nervous stimulation, voluntary

or involuntary, and produce an effect upon the

fragments, which is the resultant of the various

forces, and the resistances which they have to

overcome. Frequently fragments are displaced

by muscles which have no opponent attached

to the fragments

—

e.g. the upper fragment of

a radius, broken above the pronator teres, is completely supinated

by the first contraction of the biceps ; there is no muscle on
the fragment which can pronate it, so we have no choice in our

treatment but to carry the lower fragment to the upper. Again,
gravity is the only force which would naturally tend to undo
shortening produced by muscular contraction, but its power to act

is often annulled by the horizontal position. Muscular contractions

are, therefore, a very important cause of displacement. (4) The
weight of the part. Almost invariably the lower fragment of a

fractured spine drops backwards, and, unless carefully supported,

Y* 2

Fig. 215.—A left Radius
repaired after Fracture
in the upper Third of
its Shaft. The upper
fragment is fully supi-

nated ; the lower is

drawn up and in by the
pronator teres. (Uni-
versity College Mu-
seum, No. 209.)
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the distal portion of a broken limb tends to dangle from the upper
-when the latter is raised. It is gravity which causes eversion in

fracture of the thigh. (5) External force. Unskilful lifting or

handling of the part, or the bearing of weight on a broken limb

may produce disastrous results, protrusion of a fragment through

the skin being common. Faulty apparatus used in the treatment

is another common cause ; thus the tendency of all leg splints, with

a vertical foot-piece, is to hold the foot vertical while the upper
fragment rotates out. The tendency of Liston's long splint is to

produce angular deformity of the femur outwards, or forwards and
outwards (Fig. 286), and rotation of the lower fragment.

Displacement due to the fracturing force is often spoken of as

primary, while that due to all other causes is secondary—a dis-

tinction of little value ; for, in point of time, the other causes may
act simultaneously with the fracturing force, and muscular contraction

may be the sole cause of displacement. The terms early and late

displacement are more useful, as distinguishing between displace-

ment found soon after the occurrence of the fracture and that

which may subsequently occur, gradually or suddenly, owing to

unlocking of fragments or yielding of restraining soft parts.

THE SIGNS OF FRACTURE.

In making an examination for fracture a regular order should be
followed, the object being to effect an accurate diagnosis without
inflicting more pain upon the patient, or more damage upon the

tissues, than is absolutely necessary ; consequently, crepitus is not
the first sign which should be sought for, and movements of the

fragments should be practised only with care and gentleness. The
chief points to which attention must be paid are :—The detection

of a fracture, its position and direction, the number and relation of

the fragments to each other, the condition of the soft parts near the

fracture and of the joints in which the injured bone takes part. The
best plan is, first, to inquire into the history ; then, to expose the

injured part and that which corresponds to it, place them as nearly

as possible in similar positions, and carefully compare them by
inspection and measurement; lastly, to palpate the part, and
endeavour to move the fragments on each other. Thus we may hope
to detect the signs of fracture present in any case.

The signs Of fracture.—These are :—(1) Pain and tenderness,

(2) impairment or loss of function, (3) deformity from swelling or

displacement of fragments, (4) abnormal mobility, and (5) crepitus.

In the history, inquiry should be made as to :—The time and
exact mode of occurrence of the accident, to determine the parts

likely to be injured, and the cause—whether muscular, indirect,

or direct violence; how it acted, and what kind of fracture is likely

to have resulted; whether any "crack" was heard by the patient

or bystanders (a similar noise may be heard when strong tendons or

ligaments are ruptured) ; the immediate symptoms (pain and loss of



SIGNS OF FRACTURE. 749

power), endeavours to use the part, details of immediate treatment
and mode of transport. If muscular violence seems to have been
the cause, and in any case in which the cause seems to have been
inadequate, or the pain unusually slight, questions should be put to

detect the presence of any cause of spontaneous fracture. It is

always worth while asking if the limb or part was normal up to the
time of the accident.

(1) Pain and tenderness at a point which has been directly

injured are of no diagnostic value ; but when only indirect violence

can have acted upon the part, the presence of sharply-localised pain
and tenderness may be of much importance—sometimes, especially

in fractures of ribs and fibula, they are the only symptoms which
render the existence of a fracture probable. Pain is complained of

;

tenderness may be discovered by palpation, by percussion, or by
moving the fragments on one another, direct pressure on the painful

area being avoided. If, after a wrench of the ankle, the patient

complains of pain three inches above the external malleolus,- and it

is found that pressing the two leg bones together at the middle of

the leg increases pain at the suspected point, there is good reason to

fear that a fracture has been sustained. Similarly, pain elicited at

one point in a rib by pressure on another sufficiently removed is

often of value. Pain and tenderness may be astonishingly slight,

or even absent, without evident reason. Their absence is character-

istic of tabetic fractures.

(2) L,oss of power, more or less complete, naturally results

when a part is deprived of its rigid support. The impairment of

function is least marked when the fracture does not destroy the con-

tinuity of the weight-bearing portion of the bone, when a certain

continuity is re-established by impaction, when only one—and that the

least important—of two parallel bones is broken, and when a strong

ligament serves as a point d'appui for the lower fragment, as in

certain intracapsular fractures of the femur, or when the fragments
are held together by untorn periosteal and fibrous coverings (patella,

olecranon). In some of the above cases loss of power is very

slight ; on the other hand, a severe contusion or other painful injury

of a part, without fracture, may produce absolute helplessness—

so impairment of function is not a sign of first importance.

(3) Deformity may be due to swelling from extravasation,

inflammatory or reparative changes, or to displacement of the

fragments. It is detected by inspection, measurement, and palpation.

Deformity from early swelling may be localised or diffuse, super-

ficial or deep. This is of no diagnostic value as a sign of fracture if the

part have been directly injured ; it is of much value in opposite

circumstances, coupled with circumscribed pain and tenderness.

The detection of a "callus tumour" (deformity from late swelling)

is most important when an examination is made some time after

an accident to determine whether a bone has been fractured.

Deformity from displacement may at once strike the eye, or

careful and repeated measurement and palpation may be required,
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or it may be concealed by earJy swelling and thick coverings. It

is most striking in the shafts of long bones. The displacements

described earlier (page 745) may cause:— (1) shortening of a part;

(2) very rarely lengthening of a part, though lengthening of a bone
by sepai'ation of its fragments

—

e.g. patella transversely fractured

—

is common
; (3) increase in girth of a part from overlapping

and separation of fragments; (4) angular deformity—this, when
absent with the limb at rest, often develops when the part is raised

actively or passively ; and lastly (5) rotatory deformity. The
total deformity may be made up of two or more of the above
varieties. In examining by eye, by measurements, or by touch, it is

essential that the injured part, and that which corresponds to it,

shall be satisfactorily exposed, and placed as nearly as possible in

corresponding positions. The eye will in most cases then detect any
deformity, and some place more faith in it than in measurement.

Measurements are undoubtedly open to certain sources of error

—

e.g. quite a distinct difference in length of limb may exist naturally,

the possessor of the limb having no knowledge of it; it is often

difficult or impossible to place the two limbs in truly corresponding

positions; the presence of swelling upon the injured side renders a

tape measurement upon its surface too long; and lastly, the bony
"points" from which measurements are taken are often of considerable

extent, and when they are thickly covered, anything but corre-

sponding points may be selected from or to which to measure.

In the upper limb the best of these "points" are:—The ends of

the clavicle, the acromial angle—meeting of the outer and poste-

rior borders ; the inner and outer epicondyles, the head of radius

or the cleft between it and the humerus, the tip of the olecranon,

the tip of the styloid process of the ulna, the cleft of the first carpo-

metacarpal joint, and the base of a phalanx.

In the lower limb the best points are :—The anterior superior iliac

spine, points on the edge of the patella, the edge of a femoral condyle

(especially if the knee be flexed), the ilio-tibial spine on the outer

anterior angle of the head of the tibia, and the tips of the malleoli

(especially the internal). Measurement is more difficult in the lower

than in the upper limb, owing to greater vagueness of the points

—

especially of the anterior superior iliac spine—and to the variation

in apparent length of the limb, as measured from this point, according

as the hip is more flexed, adducted, or abducted than its fellow.

With the two limbs lying flat and parallel to the vertical axis of the

trunk, one may appear to be shorter than the other; but when a

thumb is placed upon each anterior spine to mark its position, it may
become evident to the eye that the line between them is oblique to

the vertical axis of the body-—one spine is raised, the other is lowered,

and the limb in connection with the first is adducted and shortened,

whilst the other is abducted and lengthened. Or, again, measure-

ment shows one of the two parallel limbs to be shorter than the other
;

the anterior spines may be on the same horizontal line, but that on

the short side is generally lower and a little more prominent than its
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fellow, the fold of the groin is deeper, and there is lordosis of the
lumbar spine. This shortening is due to flexion.

To avoid these sources of error, measurements should be taken
with a graduated rod, like the instrument with which a shoemaker
takes the length of a foot. Thus an error from swelling is avoided.

Corresponding points over the bony prominences between which it is

desired to measure should be marked with a pencil. To measure the

whole length of the lower limbs, the rod should be 4 ft. 6 in. long

;

8 in. from the upper end, 15 in. of brass riband should be attached at

right angles to it, and there should be two travelling points on the

rod. The upper 8 in. of the rod should be laid accurately in the mid-
line of the abdomen ; the pelvis should be so placed that the lower

edge of the brass riband corresponds to the lowest perceptible point

of the anterior spine on each side. It should be seen that there is

no lordosis, that the limbs are lying flat and symmetrically on either

side of the rod. The sliding points should now be placed in contact

with corresponding points on the inner malleoli, and the difference,

if any, read off.

The position of the great trochanter shows whether shortening

is due to injury (or disease) above or below it ; two plans are used

to determine it. Nelaton's line, which the top of the trochanter

should touch, may be drawn from the anterior superior spine to the

most prominent point of the tuber ischii; the latter is especially

vague, and it is often undesirable to move a patient about sufficiently

to draw the line with any accuracy. Bryant's triangle is less open
to objection ; with the patient on his back, a vertical line is dropped
from each anterior spine, from this a horizontal line is drawn down
to the great trochanter—if possible, to the tip behind ; the com-
pletion of the triangle is unnecessary. The two limbs being placed

symmetrically with regard to the mid-line, the relative lengths of the

vertical lines will show whether one or other trochanter has been
driven forwards or has fallen backwards, and the relative lengths of

the horizontal lines will show whether one trochanter is raised. By
this method disturbance of the patient is avoided, and the vertical

line gives a more accurate point to measure from than the iliac crest,

and renders the error due to swelling less ; it is the only line along

which the distance of the trochanter from the anterior spine should

be measured.
The detection of deformity is often sufficient to render the

diagnosis of fracture certain. In greenstick fractures, and fractures

with firm impaction, we have to depend more or less entirely upon
this sign. Deformity may, however, be the result of a former

injury or disease, or even of some congenital peculiarity ; or it may
be the result of the injury, although no fracture has occurred, as in

the complete eversion of the lower limb, which may follow a bruise

of the hip. On the other hand, in a larger number of fractures

there is no discoverable deformity.

(4) Abnormal mobility in the length of a bone is a certain

sign of fracture ; conceivably it may be due to an old ununited one.
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but practically this may be set aside. It is sought for by gently

though firmly grasping the limb above and below the suspected point,

and endeavouring to produce angular movement, and shifting the

hands up and down until the whole bone has been examined. As a

rule it is easily obtained in parts containing one bone, or two if both
are broken ; not so when only one of the two has suffered, especially

if it be the radius or fibula, to which the ulna or tibia acts as a
splint. Each bone must then be carefully examined along its length,

the fingers grasping it rather than the limb ; the same applies to

a metacarpal or metatarsal bone. With the fibula, and to a less

extent with the radius, it will be found useful to support the fingers

or thumbs, as the case may be, of the examining hands upon the tibia

or ulna, and to press the suspected bone towards its fellow ; if

broken, it will be felt to yield unduly, and to lack its usual spring,

and the point of yielding will soon be ascertained.

When a bone capable of rotation is broken so high, and perhaps

under such deep covering, that angular movement is difficult to detect,

the shaft may be rotated with one hand, whilst the other, if possible,

grasps the upper end firmly, to determine whether the two move
together ; if they do not, immobility of the upper end is conclusive

evidence of abnormal mobility in the length of the shaft. This can

be well carried out in the humerus and femur, up to the great tro-

chanter ; it is far more difficult to be certain whether the head of the

radius moves or not, for it presents no irregularities, can be felt only

posteriorly, and is covered by muscle even there. When the neck

of the femur is broken, we cannot feel that the head does not
accompany the shaft in rotation; but a hand on the trochanter may
feel that its movement is abnormal, for, instead of describing a

considerable curve with the neck and head for its radius, it passes

through a smaller and smaller arc in proportion as the fragment of

neck in connection with it is shorter, until, in fractures of the base

of the neck, it merely rotates like the shaft on its own axis.

But though the detection of abnormal mobility is a certain sign

of fracture, the absence of this sign does not negative fracture ; it is

absent in many incomplete and in firmly-impacted fractures, and
may be so slight in deeply-toothed and locked fractures as to defy

detection—especially when the bone is one of two, and deeply

placed. It is evident, too, that in such a fracture the head would
rotate wifch the shaft. Sometimes, with processes torn off, or in

fractures of short bones, it is impossible to seize or so to act upon the

fragments as to produce and detect abnormal mobility.

(5) Crepitus.—The grating of one broken surface against another

is felt rather than heard, though it may be audible at some distance.

It is obtained by the same manipulations as have been described for

the detection of abnormal mobility—rotation being specially useful.

The conditions of its production are the existence (a) of abnormal
mobility, and (b) of contact between the fragments. But a single,

certain click is often obtained in fractures of the fibula, ribs, or

other bones when we cannot detect the abnormal mobility, and may
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enable us to feel quite sure of our diagnosis. It is absent in

incomplete fractures, in which there is no gliding of one fragment
upon the other ; in cases of firm impaction and interlocking, though
it is often obtained when mobility cannot be discovered ; in cases of

intervention of soft parts, of diastasis of fragments, and of their

separation by overlapping. In the two latter instances it will be
obtained on pressing the fragments together, or on extending them
until they are drawn to the same level, and then moving them upon
each other. Crepitus is obtained most easily between irregular freely

movable ends of compact tissue placed superficially ; comminution is

favourable. Crepitus is less distinct with surfaces of cancellous bone,

diagnosis in fractures of joint ends and of short bones being decidedly

more difficult than in the case of shafts. It is least distinct, and is

spoken of as "soft crepitus" in separations of epiphyses. Crepitus

is the sign of fracture the eliciting of which causes most pain, and
is often unnecessary to the diagnosis

;
yet it is the most satisfactory

evidence that the fragments are actually in contact, and should it

be absent in circumstances which would seem favourable to its

production, it is wise to seek for the explanation, lest delayed or

non-union should result from some remediable cause. Narcosis

greatly facilitates the obtaining of mobility and crepitiis ; but the

patient's struggles and the necessary endeavours to control them
may be productive of much harm. Jn the case of a rib, crepitus

may be heard by the ear applied to the chest when it cannot be
otherwise detected.

It is necessary to learn by experience to distinguish between
crepitus and the crepitations produced by tenosynovitis, emphysema
of connective tissue, and blood-clot ; and to be on guard against

mistaking grating in a rheumatoid joint for crepitus of bony frag-

ments.

When there is reason to fear a fracture, but its existence can be
neither proved nor disproved, one must be assumed to exist, and
proper treatment adopted.

REPAIR OF FRACTURES.

Naked-eye changes.—On examining a recent fracture we find

the sharp fragments, more or less displaced, lying in the midst of a
collection of fluid blood, which clots slowly and varies much in amount
and in the extent to which it infiltrates the medulla and the sur-

rounding connective tissue. The periosteum is generally torn through
all round, often very irregularly, and it is sometimes widely stripped

from the fragments. The soft parts round about, especially the

muscles, are torn and bruised in varying degree.

At the end of the first tveek they are covered with clot ; the fluid

portion of the extravasation is becoming absorbed or is already gone;

the clot is becoming peripherally decolorised. The injured soft parts

to which it adheres are swollen, and their special structure is

obscured ; they present the homogeneous, translucent, pinkish grey
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appearance of soft parts infiltrated by an inflam-

matory exudation ; and all—periosteum, muscles,

fat, connective tissue—are welded into an ir-

regular mass.

By the end of the second week (tenth to four-

teenth day) clot has disappeared or remains
only here and there, especially near the fissure

;

but there is a widespread staining. The mass
of swollen soft parts is now more regular in out-

line, and in it can be detected a spindle-shaped

swelling about the fragments, limited by a mem-
brane, which is continuous with the periosteum

above and below, and which separates the em-
bryonic tissue for the repair of soft parts from
that for the repair of the bone. The bruised

yellow marrow above and below the fracture has

been replaced by vascular granulation tissue,

which has blended across the cleft, and a similar

tissue is creeping from without between the

broken ends. The ends of the fragments are

now united by this new •tissue, much as if they
had been pressed into a mass of hot sealing wax
(Billroth). The new tissue is called "callus"—"provisional" or " temporary," because more
or less of it is destined ultimately to disappear.

That which lies between the periosteum and the

bone is called "external" or "periosteal"; that

in the medullary canal "internal," "endosteal,"

or "myeloid"; that between the fragments "in-

termediary" (Fig. 221). The periosteal callus is

the most freely developed, though it rarely, if

ever, forms so complete a sheath around the frag-

ments in man as it does in animals (Fig. 216).

It is most strongly marked in angles due to dis-

placement of the fragments and accompanied by
stripping up of the periosteum (Fig. 217), and it

extends for some distance upon the fragments,

ending gradually. At first the whole callus is

soft, translucent, red and vascular in the living,

and pinkish-grey in the dead state ; but it gradu-

ally becomes firmer. It now ossifies either di-

rectly or after becoming fibrous or cartilaginous.

In animals more or less cartilage usually appears

particularly in the neighbourhood of the cleft

(Fig. 216); but in man it is only occasionally seen.
nas

spread thence in
fibro-cartilage towards the fissure—most rapidly in actual contact with the shaft. Between
the two wedge-shaped masses of bone on each side, a triangular area of fibro-cartilage re-
mains at the level of the fissure. In the internal callus at this level only a few flecks of
fibro-cartilage remain. The periosteum is thickened over the callus tumour. The produc-
tion of bony callus is much earlier and freer than in the following specimens from man.

Fig. 216.—A longitu-
dinal Section of the
Tibia ofa young Dog
killed ten days after

a transverse Frac-
ture without Dis-
placement. The line

of fracture is clear ;

no tissue can be
distinguished be-
tween the fragments.
These are held toge-

ther by an oval mass
of external callus,

most freely deve-
loped on the poste-
rior, muscle-covered
surface ; and by a
plug of internal cal-

lus in the medullary
canal which does not
extend so far as the
external up and
down from the fis-

sure. The external
callus consists of
finely porous bone
which has evidently
appeared first in the
angles between the
bone and the raised
periosteum, and has
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About the twelfth to fifteenth day the de-
posit of lime salts can be recognised in the
angle between the bone and the raised peri-

osteum ; it advances towards the cleft most
rapidly in the layers of callus next the bone
(Fig. 217). We first notice slight grittiness,

opacity, and increased firmness ; then a hard
red-brown mass, wedge-shaped and granular on
section, becomes plain in the callus, and spreads
till the whole is converted, and the masses
above and below the cleft

blend across it, fixing the
fragments together, much
as the clay around a graft

unites the scion and stock.

Ossification of the medul-
lary callus occurs similarly,

but a little later, beginning
also in contact with the
bone, and away from the
fracture ; a ring of bone
is thus formed within each
fragment, which thickens

as it approaches the cleft,

at the level of which it

usually closes the medul-
lary canal, and blends with
its fellow across the cleft.

Finally, periosteal ossi-

fication creeps into the

intermediary - callus and
joins the medullary callus.

The fragments are thus

united by bone (Fig. 220).

The superficial layer

of callus has assumed the

appearance of periosteum,

and remains unossified ; it

is closely connected with
the surrounding injured

tissues, and both it and
the periosteum for some
distance from the fracture

are a good deal swollen.

Often a thin layer of new
periosteal bone can be

traced for some distance from the seat of frac-

ture, but much and widespread callus suggests

unusual irritation, probably from a compound

Fig. 217.—A longitudinal
Section of a Humerus
nineteen Days after
transverse Fracture
with slight lateral Dis-
placement above the
entry of the medullary
artery, from a boy,
aged 10, who died from
a fracture of the skull.

Callus formation is

poor and late as com-
pared with that in

Fig. 216. The dry pe-
riosteum indicates the
extent of the external
callus. This formed
most freely on the
fragments where the
periosteum had been
most widely stripped

;

here wedges of porous
bone are seen. Inter-

nal bony callus has
formed most freely

above the fracture

;

but it has closed the
medullary canal of
each fragment, and has
narrowed the medul-
lary channel in the
neighbourhood. (Univ.
College Mus., No. 41.)

Fig. 218.—A longitudinal
Section of a Clavicle
twenty-three days after

a comminuted Frac-
ture. From a potman,
aged 23, run over by a
'bus ; he died of bron-
chitis with delirium,
and was from the first

difficult to control.
The main fragments
are united by a large
mass of fibrous-look-
ing, blood-stained cal-
lus, in whicn are
embedded tw large
splinters. At hree or
four spots beneatli the
swollen per osteum
posteriorly, c nsider-
able masses of g annlar
new bone are seeji ; but
ossification is deci-
dedly late. Univ.
College Museum, No.
38a.'
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fracture (Fig. 224). The newly-formed bone is very porous, the

vascular channels being both large and numerous, and so arranged
as to be at right angles, or at least oblique and to the surface, to the

chief Haversian canals of the old bone. At first, and for some time,

the stalactitic needle-like tubes, plates, and
irregular masses of callus can be easily stripped

off, leaving the bone apparently unaltered ; but,

later, its vascular foramina and grooves are

obviously enlarged where the callus has been
separated, and their further enlargement renders

the surface quite irregular (Fig. 219).

This rarefaction of the compact bone renders

it more like the porous callus \ a fine injection

proves that the vascular spaces of old and new
bone are continuous (Fig. 222) ; and later speci-

mens show that fresh bone is deposited round
the vessels in these spaces—partly upon the old,

partly upon the new, increasing the density of

both, and establishing absolute continuity, so that

the callus can no longer be chipped off. This

condensation goes on until the bone about the

fracture becomes more dense than normal ; but
the endosteal callus does not as a rule become
so dense as the periosteal and intermediary.

Nor does all the callus undergo this conden-

sation ; much is soon absorbed. Callus is usually

formed in excess, but perfect fixation tends to

limit the amount of provisional callus. The
firmer callus becomes, the less of it is wanted

;

the peripheral portion and any parts which
bear no strain are absorbed ; the removal of

these leaves the more central portion, especially

that situate in angles due to displacement, to

bear the whole strain, and its density and
strength increase. Increase in density normally

keeps ahead of absorption, and foi months or

years there is excess of callus of too great

density. Gradually all that is unnecessary is

removed, and a return to or towards the normal
external form is effected under the modelling

influence of surrounding parts.

The callus acquires everywhere a compact
surface-layer like that of normal bone. Within,

cancellous tissue develops in accordance with

the laws governing its development in normal
bones ; consequently, its main cancelli are in

the lines of greatest pressure and tension,

and their arrangement in cases of displacement may be as

complex as it is in the neck of the femur (Fig. 220). In the

Fig. 219. — Section of
Femur of Boy of 14,

who died of enteritis

i'oiu' weeks after an
oblique fracture near
junction of upper and
middle thirds. The
lower fragment has
risen a little in front

of and inside the upper.
A fairly complete ring

of porous callus unites

the fragments, though
not very firmly. The
callus is in great ex-

cess anteriorly in the
angle due to displace-

ment. The line of

fracture is quite dis-

tinct. The medullary
canal was probably
closed by new bone.
The compact bone,
where covered by cal-

lus, is superficially

toothed and more po-
rous.
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interior, the plug of medullary callus becomes first cancellous, and
is then gradually removed, the continuity of the medullary canal
being thus restored. Red marrow replaces it, then this gives

way to yellow marrow. When there has been little or no dis-

placement, the seat of a fracture becomes unrecognisable in a
rabbit in twenty-six to twenty-eight weeks ; in man the same
occurs, but only after a much longer period. Even the interstitial

callus, in which at first the course of

the vascular channels is similar to that

in the periosteal callus, becomes so

modified by those interstitial changes

of absorption and deposit which con-

tinue throughout the life of a bone,

that it is indistinguishable from the

rest of the compact tissue. When
there is marked lateral displacement,

the ends of the fragments remain
sealed with compact tissue, covering a

little cancellous bone. The compact
walls in contact with each other may
remain liable to severe strain, in which
case there is no attempt made to re-

store the medullary cavity ; but in

other instances, bridges of callus fill-

ing up angles tend more and more to

convey weight and strain from one
fragment to the other, with the result

that compact portions of the shaft' be-

come functionless, and are consequently

rarefied, or even entirely removed.

Nor are the changes after fracture

with permanent dislocation of frag-
ments limited to the seat of fracture.

Altered curve alters the statical con-

ditions under which the repaired bone
must work, and gradually its architec-

ture is changed. Some of the altera-

tions—as change in form and position

of a joint surface—may be striking.

In the repair of comminuted frac-

tures, the loose fragments are set, as it were, in the callus tumour
(Fig. 218); and long after this has ossified, dense pieces of shaft

will be seen on section, contrasting with the looser new bone around.

The ultimate fate of these fragments has not been worked out.

Frequently, too, fragments are so dislocated as to project like spines

into the soft parts ; these may serve as points of attachment of

muscle—and show little tendency to absorption (Fig. 251).

Fissures of flat bones are often poorly repaired. In the skull,

where practical immobility is secured, little or no callus forms ; the

Fig. 220.—Section of the Shaft of a
Femur united after Fracture with
angular Deformity to show the com-
plex arrangement of caucelli be-

tween the anterior wall of the lower
fragment and the lower end of the
upper, and the buttress of dense
bone in the angle posteriorly. (Uni-

versity College Museum, No. 269.)
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outer edge becomes rounded, and thin union is effected just external

to the dura mater, so that the inner surface is rendered smooth and

continuous ; but permanent gaps may remain. The scapula (Fig. 242)

and ilium (Fig. 272) are repaired more freely, because they are

thickly covered, and mobility of the fragments keeps up irritation.

The fragments of fractured spongy bones are not, as a rule,

much displaced. Little external callus forms, but the pieces are

welded together by callus between them, which first becomes

abnormally dense, and then assumes more and more nearly the type

of the bone of which it forms a part.

Articular cartilage is repaired by
fibrous scar, which replaces the early

blood-clot, and is in its turn slowly

replaced by true cartilage. Bits

chipped off either remain loose or

become encapsuled and attached to

some part. Rib cartilages are united

by fibrous callus, of which the sub-

perichondral portion ossifies, forming

a bony cylinder, clasping the ends

together.

Little is known of the reunion

of detached epiphyses ; we should ex-

pect that when the detachment occurs

in bone, union would occur as in

fracture, and when in cartilage, by
fibrous tissue. Danger to growth lies

in replacement of the growing carti-

lage by either bone or fibrous tissue.

The new vessels communicate.

Microscopic Changes.— Cell-

infiltration of soft parts round about

a fracture begins at once after the

injury ; by the second day all are

swollen, their structure is obscured,

and they are blending in one mass. The torn periosteum is at

first lost in the early swelling, but as the callus acquires

firmness, a section shows upon its surface, a fibrous streak

uniting the periosteum on the two fragments; this gradually

assumes the structure of periosteum, but it is some time before

it becomes distinct from the scar in the soft parts around the

fracture. New vessels develop rapidly, and establish connections

between the vessels of the stripped-up periosteum and those of the

bone on the one hand, and of the soft parts on the other. Thus a

mass of vascular granulation-tissue forms round the bones and,

more slowly, also in their medullary cavities and Haversian canals,

and forms a soft bond of union between the fragments, obtaining a

hold upon them by absolute continuity with their soft parts and
vessels. Some authorities regard the infiltrating cells as leucocytes,

Fig. 221 A transverse section of the
Tibia of a Dog close to a Fracture
eight days old.

a. Internal callus; b, external callus; c,

cortex of tibia, x 20. (Billroth.)
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but most think that proliferating connective tissue corpuscles take
their share. The vessels running through the cell-mass beneath the
raised periosteum, though freely intercommunicating, naturally run
more or less vertical to the bone (Fig. 222).

The granulation tissue becomes more densely cellular and firmer,

fluid being absorbed. Blood-clot is infiltrated and decolorised by
removal of its pigment ; except as a framework into which cells can
wander, clot takes no part in the repair, and soon disappears.

In the angle between the raised periosteum and the bone—the
point of least irritation—there early become visible, both in longi-

tudinal and transverse sections, slight, faintly-granular opacities, due
to deposit of lime salts ; they include cells in their substance, and
are usually of needle-like form ; from their bases on the bone their

points rise more or less vertically, and between each pair is a vessel

surrounded by cells. Evidently the deposit of lime salts occurs

midway between
two vessels, and
the needles are

sections of the

walls of calcareous

tubes which
lengthen, branch-

ing as the vessels

branch, and form-

ing a very open
trelliswork (Fig.

223). Bundles of

osteogenic fibres

develop, either in

a ground substance, secreted by the cells which cluster round the

calcareous needles, or in portions of the bodies of the cells themselves,

and seem to serve as guides for the further deposit of salts. On the

wall of each tube the peripheral cells, which have become large and
angular, like osteoblasts, arrange themselves in a layer, and the cen-

tral vessel is covered with an epithelioid layer. The osteoblasts at

once begin to lay down lamellae of true bone, some osteoblasts being

included between them as bone-cells. Haversian systems are thus

developed, the callus becomes truly bony, and as the space round
the central vessel becomes constricted, the bone becomes more and
more dense. The dark granular calcified portions are soon absorbed

and replaced by bone. Meanwhile the Haversian canals of the frag-

ments have been enlarged to a considerable extent by the ordinary

process of erosion ; when this ceases, osteoblasts deposit layers of

bone here also, continuous with those in the callus, and thus

absolute continuity is established.

This is direct ossification of callus, and it seems to be the

only mode followed in the union of compound fractures in man.
But in simple fractures, according to some observers, the callus

becomes cartilaginous. Judging from specimens derived from

.1
: 1m :

Kg. 222.—A longitudinal Section of Injected external Callus from a
Babbit's Tibia in the vicinity of a Fracture five days old. x 20.

a. Callus with vessels running more or less vertically to those in the
bone, 6. (Billroth.)



?60 INJURIES OF BONES.

animals, this occurs in the neighbourhood of the fracture, where,

presumably, the irritation from movement is somewhat greater than
at more remote parts. Cornil and Ranvier state that a clear matrix,

not staining with carmine, appears between the round embryonic
cells of the callus about the eighth to tenth day ; the tissue thus

assumes the appearance of embryonic cartilage. From the tenth to

Fig. 223.—A transverse Section of Callus upon the compact Wall of a long Bone Below is

seen the compact bone ; its Haversian spaces are becoming enlarged, and the line between
it and the subjacent callus is thus rendered irregular. The callus shows many large

spaces, containing vessels (not shown), and numerous osteoblasts, in a calcined matrix.

No Haversian lamella, regularly deposited on the walls of the cavities, are shown, and the
bone cells scattered through the matrix exhibit no regular arrangement. The round-celled
infiltration on the surface is pushing between the connective tissue and muscle fibres, and
is being invaded on the other hand by bony spicules. (Billroth.)

fifteenth calcification and ossification begin, following the physiological

plan. The cartilage cells multiply and fill large spaces ; these open
into one another, giving rise to still larger spaces—primary areolae

—

the walls of which calcify. Beneath the periosteum, and close to

the bone, a layer of vascular medulla remains, and this bursts

through at various points into the primary areolae. The cartilage

cells disappear before the medullary. Osteoblasts speedily line the

cavities, and proceed to lay down bone in the usual way. The
periosteal and intermediary callus become cartilaginous, but in



REPAIR OF FRACTURE. 761

endosteal callus there is little tendency to the formation of

cartilage. The more peripheral callus calcifies, even without any-

previous cell-multiplication, and is probably absorbed without
ossifying.

Side by side with the processes by which bone is produced may
be recognised that by which bone is absorbed. As in all living

bone, so in callus, absorption and deposit are always going on;
there is no time at which, formation of callus having ceased, absorp-

tion begins, though at first deposit is in great excess over absorption,

whilst the latter far exceeds the former in the later stages of union.

Where absorption is going on, the large multinucleated cells

—

osteoclasts—generally, but probably not always, appear ; whilst the

bone shows the lacunae of Howship. By means of absorption, all

merely calcified tissue is removed, and osteoblasts lay down bone in

its place; excessive callus is absorbed, the too dense uniting material

is reduced in weight, and at the same time its structure—at first

dependent on the course of its numerous vessels of periosteal origin

—

is modified under the guidance of the statical conditions which obtain.

Thus, with perfect union—implying a complete return to the original

statical conditions—all periosteal and all endosteal callus disappear

as unnecessary, and the fine structure of the intermediary callus,

which differs from that of the cortex in that its main Haversian canals

run at 90° to the axis of the bone, becomes indistinguishable from
that of the fragments which it connects, the general course of the

vessels of the old bone being the dominant feature. With displace-

ment of the fragments, the new statical conditions created require

a modification of the structure of the bone, and this is effected to

the greatest advantage by the processes above described.

Repair of a septic compound fracture.—The description

above given of union holds good for compound fractures which run
an aseptic course ; but when a compound fracture suppurates, com-
plications often arise. In the first place, all loose fragments, being
bathed in irritant fluids, die ; no living tissues adhere to them, and
they never become absorbed. More or less of the ends of the main
fragments which have been stripped of periosteum, and which
probably contain injured medulla, often die also ; they are cast off

by the eroding action of osteoclasts and granulation-tissue, which
eat through the living bone just where it joins the dead, a more or

less deep groove being the evidence of advancing separation. But,

meanwhile, the periosteum raised from the dead bone becomes
involved in the mass of granulation-tissue formed by soft parts

round about the fracture ; and in this a shell of new bone forms

—

by direct ossification of the callus (page 759)—which extends from
fragment to fragment, and often unites them solidly long before all

dead portions have come away. Cloacae remain or form in this

shell for the escape of pus from the granulation-tissue round about
the sequestra, as in cases of acute necrosis. Not uncommonly
drainage is insufficient

;
pyogenic organisms find their way along

lymph paths in various connective tissue planes, and diffuse or
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localised suppurations result. The presence of these severe and
prolonged inflammations is necessarily accompanied by increased

vascularity of the part ; the periosteum receives its full share of the

increased blood supply, and lays down new bone abundantly (Fig. 224).

Thus we always find a larger amount
of callus in a septic compound fracture

than in a simple fracture. New bone
may be deposited in considerable amount
even on an uninjured bone parallel to

the broken one; other evidence of this

increased vascularity is to be found in the

extensive growth of hair upon the part.

In the most favourable circumstances,

inflammatory matting of soft parts to

each other, and to the fracture, must be
greater than in simple injuries, and it

may be very widespread. The muscles

degenerate and waste, mainly as a result

of the inflammation, prolonged rest, and
compression during treatment

;
portions

of them or of their tendons may slough.

Lastly, the presence of a septic wound
opens the door to all the infective diseases

of wounds—especially erysipelas, septi-

caemia, and pyaemia—which latter is al-

ways favoured by the presence of injured

bone in the septic wound. Secondary

haemorrhage and late accidents to vessels

are almost always of septic origin.

Theory of the formation of callus.

—The majority believe that the formation

of bony callus is a reparative, not an
inflammatory process, and that it occurs

only in the presence of medullary cells,

which alone can become osteoblasts.

Transplantation experiments have shown
that the cells of the deeper layer of the

periosteum and, in a much feebler degree,

those of the medulla, possess the power of

forming bone—apartfrom bone itself; they

apparently do so in fractures, producing
the external and internal callus, of

which the former is by far the more
exuberant, for any effect which the bone

and the cells in the Haversian canals may have should tell equally

on both sides ; lastly, Oilier carefully removed a zone of periosteum,

and broke the bone—no callus formed till the edge of the periosteum

was reached. This has not always been the result, but the evidence

is sufficient to show the great importance of the periosteum in the

Fig. 224.—A compound commi-
nuted Fracture of the Tibia and
probably a simple Fracture of
the Fibula at the Junction of
the lower and middle thirds.

The fibula is nnited and pre-

sents a long uniform curve out-
wards, consequent upon a
shortening of the tibia due pro-
bably to the removal of bone.
The ends of the tibial frag-

ments are swollen by callus in

which a single splinter is

caught on the outer side. Most
of the tibia and even of the
fibula shows a thin layer ofnew
bone.
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formation of callus ; and though it is impossible to demonstrate the
multiplication of its cells, or to trace their progeny, yet the view
above stated receives support from all observations on repair of

tissues since Senftleben's experiments on the corneal cells, for all

tend to show that the cell-elements of a tissue effect its final and
perfect repair. Cohnheim, Maas, and others, on the other hand,

regard the process of bone-repair as inflammatory, and the cells in

callus as leucocytes.

There can be little doubt but that the early infiltration is inflam-

matory, and the cells chiefly leucocytes ; but where is the evidence

that leucocytes can form bone, or even the cartilage met with in

callus 1 No scar, away from bone, shows such changes, whereas a scar

in bone ossifies with practical constancy. To talk of the " influence

of the mother tissue " does not render things clearer ; there is no
reason to think that bone can exert an influence save through its

cells, which have throughout life the power of selecting lime salts

from the nutrient fluid around them, and of laying them down in

the form of bone. It is, therefore, a priori likely that the essential

cells of callus are of medullary origin.

The formation of callus seems clearly to depend upon irritation

;

it develops very sparingly in fissures of the skull, but largely in

extensive injuries, with much displacement, much mobility (ribs),

and much septic irritation (compound cases).

The formation of cartilage in callus has always been connected

by English pathologists with mobility ; it occurs in the ribs, and
occasionally in other simple fractures of man, and in most fractures

in animals. The irritation of suppuration does not tend to the

formation of cartilage. But v. Winiwarter in the 15th edition of

Billroth's " Pathology " describes the formation of cartilage in

simple fractures in man as usual, and so also do Cornil and Ranviei
in their " Pathological Histology." In the absence of direct state-

ments it is always difficult to determine how far Continental views

are based upon observations on animals. Cornil and Banvier,

however, base their statement as to man upon the fact that they

have always found cartilage in the callus of a considerable

number of simple fractures due to senile atrophy, which they

have examined. Exceptional mobility would very likely have been

present in these cases, and, if it was, they would not prove

the rule.

The time required for union of various bones.—This varies

a good deal. The following times may be taken as averages. They
will not enable us to dispense with a careful examination before per-

mitting use of a limb which has been fractured, or with the need

for caution in beginning to make use of the part.

Phalanges are said to require 2 to 3 weeks ; metacarpal, carpal,

metatarsal, tarsal bones, and ribs, 3 to 4 weeks; clavicle, fore-arm

bones, and fibula, 5 weeks ; humerus and tibia, 6 to 7 weeks ; both

leg bones, 8 weeks ; femur, 10 to 12 weeks. By these times the bones

mentioned are generally, after simple uncomplicated fractures, united
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with sufficient firmness to allow of use being commenced. Fractures

unite more quickly in children than in adults.

PROGRESS AFTER FRACTURE.

Course Of a Simple fracture.—This should be uneventful.

Shock is usually slight in limb fractures, but may even prove fatal

in cases due to great violence, and in the old and feeble. Fain is

not, as a rule, severe or lasting, but it may be both. Whenever
severe it is probably due to a complication. .During the first few
days, starting pains—due to imperfect fixation—may be very
troublesome, and together with a constant ache, may disturb sleep

greatly. Much discomfort may be experienced from necessary

restraint of apparatus, and acute pain in the back is not uncommon
for a day or two when the dorsal position must be maintained.

Generally pain soon disappears after the satisfactory setting of a

fracture. Tenderness subsides steadily, and is little marked after

ten to fourteen days.

Swelling may be rapid and great, or slight, and slowly increasing

for twenty-four to forty-eight hours. The early swelling is due to

haemorrhage, and is proportionate to the number of vessels torn,

those of bone always bleeding persistently ; later, swelling is due also

to inflammatory exudation from injured vessels, and to impaired

lymphatic and venous return owing to rupture, compression, and
thrombosis of these vessels. The swelling is diffuse, for the fluids

spread along the areolar planes ; it may be deep or superficial. In
the latter case it pits, and all the colours of a bruise appear.

Gradually absorption sets in, and the bones are felt, yet not

clearly and sharp as at first, but more or less concealed by the

callus-tumour, which steadily increases in size and definiteness. It

is perceptible at the end of the first week, and fully developed and
firm in the second to third week. When firm union has been
effected, the finger traces the absorption of the callus, and the

gradual return of the bone towards its normal form. Unreduced
displacement of the fragments, and its effects upon the limb

—

shortening, bending, etc.—are, however, permanent.
Absorption of the extravasation is accompanied by certain

general and urinary symptoms, viz. fever, very rarely an icteric tint,

and the occurrence of bilirubin, fat, albumen, and casts in the urine.

Fever.—Among 168 cases of simple fracture at University

College Hospital, 92 per cent, became febrile (Horsley), the tem-

perature being sometimes only slightly raised, again reaching 101°

or even higher within twenty to sixty hours, and falling to normal

in three to fourteen days. The fever does not affect the general

well-being, and, with marked exceptions, is higher the more exten-

sive the bruising, and in those under than in those over forty.

This pure "traumatic" fever is not peculiar to fractures, but

occurs after severe contusions, and is probably due to absorption of

pyrogenous stuff from extravasated blood (fibrin ferment) or torn
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and inflamed tissues. Other causes are suggested

—

e.g. the effect of

irritation of sensory nerves on thermogenetic centres, though experi-

mental irritation is known to cause depression of temperature ; fat-

embolism and tension (Horsley)—both very doubtful.

A hcematogenous jaundice connected with the absorption of

blood pigment has been observed.

Urine.—Bilirubin, derived from blood pigment, is said to be
frequently found; it yields a yellow-green fluorescence when the

urine is shaken with ZnCl
2
and NH3 .

Fat-embolism.—According to Scriba and Biedel, fat in very
variable quantity may be found in the urine after simple fractures,

in as many as 42 per cent, of the cases, appearing two to four days
after the injury, as a whitish layer on the surface, and disappearing

in about twenty days. It is due to absorption of oil-drops from
crushed fat and marrow cells ; they are carried to the lungs (fat-

embolism), where they may be demonstrated in the smaller vessels by
staining sections with osmic acid

;
gradually they are swept on into

the systemic circulation and to the organs supplied by it, and thus

reach the kidneys and pass through the urine. Horsley and myself

examined between us the urine of a large number of cases of simple

fracture, but we never found fat ; Horsley detected it in the sputum
in two cases. Eiedel further stated that albumen and casts (hyaline

and brown granular) might be detected twenty-four to forty-eight

hours after simple fractures, disappearing by the fourth to sixth day.

In rare instances I was able to confirm this observation. Albumen
and casts in the urine have been produced in animals by experi-

mental fractures, injections of blood into the peritoneum, or by
injection of fibrin-ferment.

Eat-embolism, to a greater or less extent, occurs in most fractures

and contusions. It has been regarded as the cause of death in some
obscure cases. The symptoms are said to be dyspnoea, with rales,

low temperature, and death in coma. Cohnheim disputed the

likelihood of the explanation, because large quantities of fat can be
injected into the circulation of animals without causing serious

symptoms, and even ligature of one pulmonary artery causes only

momentary elevation of the blood pressure.

Suppuration of a simple fracture and necrosis are very rare.

Suppuration has generally occurred after injury to the skin from
direct violence, or in alcoholic, diabetic or albuminuric patients, or in

connection with some boil, septic sore or ulcer ; but in some cas.es no
source of infection can be found.

Delirium tremens is less common than formerly, but is still

not infrequent in alcoholic patients who become the subjects of

fractures. They do not sleep from the first, often reply to questions

in a quick jerky way, and their movements are tremulous ; in two
or three days the characteristic delirium appears. The great points

are to procure sleep, to treat the patient, if possible, so that he
shall not be kept in bed, but shall be able to get some exercise, and
to put up the fracture so that the limb as a whole can be freely moved.
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Acute mania may follow ,1 fracture, as it may any other
injury.

Wasting and stiffness of a limb are common on abandoning
sp!ints, and are easily explicable. Wasting is due to more or less

complete rest of the part, and to the constant pressure of restraining

apparatus. Stiffness to matting of parts round about the fracture,

especially of tendons in their, sheaths; to adaptive shortening of

muscles, best seen when a foot has been allowed to drop ; to

adhesions in joints, even when they have not been injured; to

permanent displacement of fragments, forming part of joint sur-

faces ; to the formation of irregular masses of callus ; or later, to

the development of rheumatoid changes. Rarely, true anchylosis

occurs (Figs. 327, 328).

Oedema.—As a result of the injury to and thrombosis of vessels,

of the prolonged diminution of pressure upon their walls, and of the

imperfect nutrition resulting from elevation (when a limb is slung

or raised) and fixation, swelling of the limb—especially the lower

—

is usual on beginning to use it, and often very enduring.

Rheumatoid changes are often excited in the joints of those who
are predisposed to rheumatism, by fractures near to or involving

joints ; and in such subjects a limb which has been the seat

of a fracture may remain a more or less trustworthy weather-

prophet.

The rule, however, is that, unless crippling displacement persists,

recovery from a fracture is complete, and the limb in a few months
is as strong and useful as ever.

Course of a compound fracture.—The course of an aseptic

compound fracture is just as uneventful as that attributed above to

simple fracture ; except that the presence of a wound has its incon-

veniences and difficulties, it makes no difference to the result, unless,

perhaps it delays healing a little. It is far otherwise with a septic

compound fracture. The occurrence of suppuration almost certainly

induces more fever than is usual in simple fractures ; and retention

of pus and spreading suppuration cause prolonged and severe fever.

The exhaustion due to this, and to frequent anaesthetics and
incisions for the evacuation of pus ; the increased difficulty in fixing

the part which results from the presence of a wound or wounds,

which must be dressed ; the more prolonged fixation which is

necessary, and the consequently greater wasting of parts—for

muscle does not benefit by increased blood supply, unless stimulated

to contract ; the widespread matting of tissues which follows upon
the presence of a suppurating wound ; and the fact that the presence

of a septic wound exposes the patient to all the infective diseases

of wounds—render a suppurating compound fracture an injury

which may greatly impair the usefulness of the part, or may cost

the patient his limb or his life, or both. It will be understood,

of course, that suppuration of a compound fracture does not

necessarily bring about the above consequences; the ill-results may
be slight or most severe.
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TREATMENT OF SIMPLE FRACTURES.

First help.—-When a patient is knocked down and sustains a
fracture of the lower limb, it happens only too often that the injury

is rendered compound or complicated by an endeavour to rise and
bear weight on the limb, or by improperly-managed lifting—the

portion of the limb beyond the fracture being allowed to hang un-
supported. In the case of the upper limb this danger is much less.

Theoretically, then, a person whose lower extremity has been injured

should be prevented from rising until it has been ascertained that at

least the tibia and femur are sound. Should there not be time for

this, the patient should be lifted to a place of safety

—

one person

taking charge of the injured limb only. If the leg be injured it is

best lifted by a person standing on its outer side, grasping it firmly

above and below the point of injury, and raising it in one piece,

at the same time maintaining slight " extension" ; his elbows, bent
at suitable angles, should, if possible, rest against the body; the

lifting should be done by straightening the hips and back, and the

extension by endeavouring to separate the hands grasping the limb.

Should a fracture of the femur be found, one person should

support the whole of the limb beyond the fracture, raising it pari

passu with the body to prevent angular deformity, and maintaining

some extension by traction from the body.

Upper limb fractures are more easily dealt with, the limb being

smaller and lighter ; exactly the same rules apply when lifting is

necessary. Shortly, the form of the limb should, as far as possible,

be steadily preserved.

Means of transport must often be found. Most patients after

fractures of the upper limb can walk, supporting the limb with the

other hand, or having more or less of the fore-arm supported by a

pocket-handkerchief sling, or, in cases of fractured humerus, having
the injured arm fixed closely to the side by the coat buttoned over

it or laced up with string, the hand being brought out and supported

between the buttons. But those with fractures of the lower limb

should be carried. If anything like a stretcher can be arranged, it

will be sufficient, even when the femur or tibia is broken, to fasten

the broken limb to the sound with handkerchiefs, above and below the

fracture, to prevent movement of the fragments. Should a tem-

porary splint be thought desirable, something efficient can generally

be found by one who knows what is required to be done. Stout

newspapers folded, corrugated paper, trelliswork flowerpot holders

(Fig. 225), an umbrella frame, straw bottle-cases, and bundles of

straight slender branches are some of the many things which may
temporarily replace more orthodox splints. They must be applied

firmly or they will be useless ; some will require padding with any
available soft stuff. Cold must be specially guarded against during

transport after an accident.

Deliberate treatment.—The indications for treatment are :

—
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(1) to " set" the fracture
; (2) to apply, if necessary, such apparatus

as will maintain the fragments in position. There are a few-

preliminaries of general importance to be attended to. For a
fracture of the pelvis or thigh the bed should be prepared by placing

fracture-boards across beneath the mattress to prevent it from
sinking under the weight of the pelvis. Clothes must be removed
from the injured part with all gentleness, seams being cut up, boots

being fully unlaced and drawn off whilst the lower part of the limb

is most thoroughly steadied, etc. Till a fracture has been examined
it should be assumed to be all but compound. The limb should

next be well washed' with flannel, soap, and hot water ; if hairy,

shaving will mitigate itching, and a wash with 1 to 1000 perchloride

of mercury lotion will help in the same direction, by checking

decomposition of sweat. Everything being in readiness for the

application of retentive apparatus, the fracture should now be "set."

(1) Tlie setting' of a fracture means the removal, so far as

is possible, of deformity due to displacement of the fragments. It

Fig. 225.—Wyetli's Universal Trellis Splint. It is the type of many easily

extemporised splints.

should follow immediately on the complete examination, that the

necessary pain may be got over in one bout. It is a principle

in the setting and treatment of fractures that force should not

be used to overcome resistance which may be conquered by art

—

i.e. by the relaxation of parts.

Let us take, for example, the ordinary oblique fracture of both

bones of the leg, with displacement upwards and backwards of the

lower fragments, maintained by the great calf muscles, which con-

tract directly an attempt—probably painful—is made to reduce the

deformity. Here, with the patient on his back, the hip and knee

should be flexed to 90° by an assistant grasping the thigh just above

the knee, so that his thumbs press firmly on the quadriceps tendon.

His hands should form a fixed point of counter-extension. Another
assistant, grasping the foot, has raised it and the lower fragment

correspondingly. Under the direction of the surgeon, the latter

makes extension, and performs angular or rotatory movements of the

foot and. lower fragment. When the surgeon is satisfied with the

result, as tested by eye, finger, and tape, the assistants maintain the

status quo, whilst he applies the splints. Straightening of the knee

should be very gradual, and may be altogether inadvisable. Fig,

254 gives another example of extension and counter-extension,
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(2) The application of splints.—While the setting of a
fracture fulfils the first indication of treatment, the application of

some kind of apparatus is often necessary to fulfil the second ; and in

the great majority of cases this apparatus is some form of " splint."

Movable splints are those which, being applied with ordinary
bandages, are easily removed and reapplied ; they permit examina-
tion of the fracture, and can be tightened or loosened as swelling

subsides or increases. They probably do not limit muscular action

and blood supply so much as the immovable varieties. On the other

hand, they must be tightened up every few days, as the bandages
loosen and get untidy ; the disadvantage of this is much reduced by
the use of webbing straps and buckles round the splints instead of

or beneath the bandage. Movable splints are made of wood, iron,

tin, perforated zinc, sheet lead, wire, poroplastic, guttapercha, sole

leather, plaster of Paris. Wood is the material most commonly used,

and there are few fractures which cannot be treated with fair result

by anyone possessing a

knife and a deal plank 4

in. wide by | in. thick.

Another 3 in. by £ in. is

convenient for children.

Gooch's " kettle-holder
"

splinting (Fig. 226) is often

very useful for certain frac-

tures. Special - shaped F'S- 226-—Gooch's "Kettle-holder Splint" Material

splints — such as Carr's,

Cline's, Hodgen's, Maclntyre's—are used with more or less advant-

age. They are made in three sizes as a rule, and the aphorism that
" shaped splints never fit anyone " is somewhat pessimistic.

Most of the above forms of splints require padding. Pads
are made of tow (which is cooler than wool and less liable to

become lumpy), covered with linen : but cotton is often used. The
tow should be pulled into long wisps placed together, till the

required dimensions are reached ; the edges of the covering are then

turned in and oversewn. The pad should be a little larger than the

splint it is to cover ; it is fixed to the splint by a zig-zag of stout

thread passing from edge to edge across the back of the splint. A
linen towel makes a capital pad ; so, too, does folded boracic lint.

In addition to the principal pads, minor ones are often required,

especially to prevent pressure upon prominent points. Wool or lint

is often used for this purpose, and it should never be placed between
the prominence and the splint, where it will only increase the

pressure on the point it is desired to protect. To protect a bony
prominence

—

e.g. the internal epicondyle—make a "ring pad," i.e. a

thick strand of wool twisted into the form of a ring, the small

central hole of which is to receive the epicondyle, while the ring of

wool projects beyond it all round, like a corn plaster, and receives

the pressure. A little extra padding round about may be necessary

to distribute the pressure.
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Shaped splints may be moulded for any case in wire, poroplastic,

guttapercha, leather, or plaster ; and very simple ones may be made
of sheet lead.

If wire be used, the outline is made in stout telegraph wire, the

ends being lashed with fine wire or, preferably, soldered (than which

nothing is easier) and filed smooth. The interval is filled in with a

trelliswork of light wire.

If guttapercha, poroplastic, or leather be used, a pattern in stout

paper is made, the paper being laid on the part and cut to the

required shape, pinched up and cut off" where excessive in rounding

convexities, notched where it must
gape in passing concavities. A gap

of at least 1 in. should be left be-

tween the edges where it grips a

limb. From this pattern the splint

is cut (Fig. 227), at first in general

outline.

Guttapercha is softened in hot

water; if made too soft it gets

sticky. It remains soft for some
time, so there is no need for hurry

in handling it. The limb must be

thoroughly oiled, the guttapercha

laid upon it folded over where it is

in excess, carefully stretched where
it is insufficient, and bandaged on
When it has acquired some firm-

ness the bandage may be cut up,

and the splint placed in cold water

to hasten rigidity ; or, if possible,

the part and splint may be placed in

cold water. Angles are now dealt

with by the pressure of a hot iron, continued till the surfaces are

smooth ; where the material has been stretched, pieces of guttapercha

must be stuck onto the outer surface. When firm, numerous holes

should be punched through the splint, which is then lined with

chamois leather. Such splints are not very rigid, and retain the

sweat disagreeably.

Poroplastic may be softened hi hot water, but rotation on a string

in front of a fire, or, if large, heating in an oven, gives better results.

It hardens quickly. The limb should be bandaged with thick

flannel before the splint is moulded on. Before heating, excessive

material must be cut out—too little rather than too much being

removed. When soft, the edge of the material may be stretched a

little, where a concavity has to be passed ; but generally non-pro-

fessional workers have to cut notches here which greatly weaken the

splint. The bandage used to mould the splint must be applied very

quickly, uniformly, and firmly. On removal, necessary modifications

are made ; intervals where pieces have been cut out are closed by

Fig. 227.—A Shoulder Cap cut from pattern
and fitted..
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sewing with stout twine ; an endeavour may be made to strengthen

the splint opposite concavities by sewing suitably-shaped pieces into

gaps which have been cut ; and lastly, the edge all round is shaved
quite thin from the outer surface to prevent the fixing bandage from
driving the edge into the skin. Numerous holes are punched through
the splint, and it may be lined.

Leather splints are cut like poroplastic, except that, by patient

stretching, there is somewhat more chance of escaping without a gap
opposite a concavity. When cut out, the edges are trimmed, and
softening is effected by twenty-four hours' soaking in cold water ; or,

if time is lacking, in water to which vinegar has been added, but this

tends to render the leather hard. The splint, freed from superfluous

water, is applied directly to the part and fitted accurately, a few
stitches being inserted where pieces have been cut out. Over
hollows, where a bandage cannot press, pads of cotton wool must be
placed, and then a firm and careful bandage is applied. The part

must be fixed for some hours, until the splint is dry; then the

intervals are properly sewn up and, if necessary, bits inserted in

gaps. The splint should be lined with chamois.

Webbing bands and buckles can easily be attached to the above
splints. There is so much manipulation in fitting them, that they
are not often used early in the treatment of fractures. Turning round
a concavity is the difficulty with all three materials, of which leather

is the most comfortable and best, unless quick hardening is essential

—then poroplastic or plaster of Paris is needed.

Immovable splints are made of materials which harden ; they do
not become loose, except by shrinking of the part within them;
they are more troublesome to put on and to take off than are the

movable splints ; when accurately applied they prevent movement
very completely. The latter point was regarded as a chief merit,

but there is reason to think that it is often a disadvantage.

Many materials are used, but we shall describe the application

of three only—plaster of Paris, silicate of soda, and starch.

Plaster of Paris splints.—Plaster of Paris can be used in two
different ways. (1) With roller bandages. These are prepared as

follows :—A quantity of quite dry plaster of Paris is placed on a tray;

a roller of " crinoline " or still more open muslin is thrown across the

tray, drawn by one end through the plaster, which is well rubbed into

its meshes and rolled up again as loosely as possible. In addition to

the bandages there will be required a basin of cold water deeper than a

bandage is wide ; strips of tin 1 8 in. by f in. punched through at every

2 to 3 in., the holes being left rough; a pair of strong shears to cut

the tin ; some rollers of boracic lint of suitable width. The tins are

used to strengthen the splint without adding much to its weight

;

they are cut of suitable lengths, and bent to fit the positions which
they are destined to occupy ; the rough edges of the holes are turned
outwards, and fix the tin by catching in the bandage ; the corners

are rounded off and the ends slightly turned up from the limb. The
prepared limb, held carefully in position, is enveloped in boracic lint,
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no reverses being used, and every pains being taken to avoid thick

folds and creases—especially over thinly-covered bones, where they
are often a source of pain and sores. One bandage at a time is

placed upright in the water, and allowed to remain there until all

bubbling of air has ceased ; it is then turned on to the side, each
end is grasped by a hand, and it is lifted out of the water and pressed

fairly dry ; the end of the bandage is found, and thus it is handed
to the surgeon. If the bandage be squeezed by one hand a great

deal more plaster escapes. The surgeon applies the bandages lightly

from just above the lower to just below the upper edge of the

boracic lint, without reverses, and carefully avoiding the folds which
result from the figure-of-8 bandage, as ordinarily used. This he does

by making no endeavour to bandage continuously from below up, but
rather allowing the bandage to follow its own bent. So soon as the

lint is covered, the tins are placed in position, and caught by the next
turns of bandage. Two or three thicknesses are required. Many
now take a little plaster cream, and rub it on the surface ; but,

with well-prepared bandages it should be unnecessary, and it adds

to the weight—a chief objection to plaster. If there be much
tendency to displacement, the part should be held in position till the

plaster is set ; it should be lef b exposed till dry. Such a splint can

be cut down fairly easily between two tins with a strong knife, a
Hey's saw, or a pair of vine shears.

(2) The splints necessary to surround the limb are cut out of house

flannel, coarse sackcloth, canvas, or some thick open material, and
thoroughly soaked in water ; two layers are generally sufficient, tins

being placed between. When wet, the splints are carefully fitted to

the limb. Opposite a convexity they are notched to the necessary

depth, and the flaps are fixed in position by a stitch or two ; opposite

a concavity bits are sewn into the gaps. A thick plaster cream is

now prepared by mixing equal parts by measure of plaster and cold

water, the plaster being strewn into the water without stirring. In
this the splints are kneaded, till they have taken up as much as they

can hold ; they are then placed in position, pulled quite smooth, and
fixed on with an ordinary or a plaster bandage. This constitutes an
immovable splint, but division of the bandage along a line of meeting

of the splints permits their removal and reapplication with another

bandage ; the opposite line of meeting (if there be two) serves as a

hinge. Another method, which is highly recommended, is to build

up first one splint and then the other of long wisps of tow soaked in

the cream ; other materials may be similarly used. In one or other

of the above ways, single shaped splints may be moulded to any part.

Some apply plaster of Paris directly over well-greased skin,

others soak only the outer layer and rub cream into the outer surface

of the inner. In slight fractures of the lower limb treated among
out-patients, the patient's long stocking makes a comfortable covering

for the limb, especially if it be woollen. A covering similar to the

woollen vest generally used under Sayre's corset can often be found

for other parts.
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Silicate splints.—Waterglass or silicate of soda has the advantage
of being much lighter than plaster, but it takes twenty-four hours to

harden. The limb is similarly prepared. Two to four thicknesses of

open-wove bandages soaked in a solution of silicate of soda are used

in the way above described for plaster of Paris.

Starch splints.—The limb is surrounded with some antiseptic wool,

| in. thick by 4 to 5 in. wide, made into rollers and applied like an
ordinary bandage. Outside this come splints of bookbinder's mill-

board, cut of suitable shape, well soaked in hot water, thinned all

round the edge by rubbing away with the finger the outer surface for

an inch or so, and finally saturated with starch ; a large iron tray

takes most splints, but a bath is needed for those reaching from hip

to foot. Thus prepared, the splints are placed in position and held by
bits of bandage, which are removed as the starched bandage ap-

proaches them. Stout unbleached calico bandages are now pretty

firmly applied after the following preparation :—They are soaked in

water, wrung dry, drawn through hot starch, and then rolled up. It is

a common practice to apply the bandage dry, whilst an assistant rubs

in hot starch ; the result is less perfect. Three or four thicknesses

are generally used for the lower limb. The splint takes forty-eight

hours or more to dry ; it is fairly light and rigid ; it maintains

uniform elastic pressure on a part; it can be cut down, removed,
and reapplied, wool lining being added should the part have shrunk,

or some of the edge being cut away. Eyelets can be inserted if it

is desirable to lace the splint.

In the hands of those who know how to use it, plaster of Paris

is by far the most valuable of these three splints ; its weight is the

chief objection to it, and this may be greatly reduced by the use of

light tin, trellis wire, or veneer strips. Some employ plaster in the

treatment of fractures from the first, using only a light splint

—

easily removed should swelling require it, and easily reapplied. But
the more usual practice in England is to wait until the early swelling

has subsided, and until the tendency to shortening has disappeared,

then to apply one or other of the above splints, and leave it on until

union may be expected to have occurred. It has been charged
against this treatment by Lucas-Championniere and others, that

the long absolute rest thus enforced is responsible for the wasted
and cedematous condition of the limbs, and for the painful adhesions

which have to be dealt with on removal of the splint. This question

will be again referred to under "massage" (page 774).

Other apparatus.—Splints are not the only apparatus employed in

the treatment of fractures. In some no apparatus is of service, in

others a sling or a few bits of strapping give such rest and contact to

the fragments as is possible ; in others, again, suitable position upon
cushions or upon an inclined plane suffices ; whilst still others benefit

by the position given by a Salter's cradle or some other form of swing.

Lastly, there are cases of simple fracture, in which the results of

ordinary treatment being unsatisfactory, it is justifiable to inflict an
aseptic wound for the purpose of directly acting on the fragments,
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by means of hooks, pins, sutures, or screws. This mode of treatment
is most valuable, and should never be forgotten in cases of difficulty

—cases of displacement, which cannot be dealt with by position and
the use of apparatus, but which, if unrelieved, would perhaps
become secondarily compound, or would recover with markedly im-

paired function or even with disfigurement. There must be good
reason for converting a simple into a compound fracture, for it

cannot be done without risk ; the risk may be very slight in the

hands of those who rarely have a failure from sepsis—it is incal-

culable in opposite circumstances, for not only the limb, but the

life may be lost. The direct method of dealing with the fragments

is adopted chiefly in fractures of bones which do not, as a rule,

unite by bone ; in cases in which a fragment is so displaced that it

cannot be replaced, and will become a source of trouble ; and in cases

of very oblique fracture or comminuted fractures, in which other

treatment has failed. It is a great advantage of this method that,

once the wound has healed—sometimes even earlier—fixation can be
abandoned in many cases, and the patient is able to use his muscles

and joints. The results are often admirable, but sometimes, without
failure of antiseptics, a joint which has been irritated by surgical

manipulations becomes the seat of very troublesome adhesions.

Treatment by massage.—It is a fact that, after treatment by
prolonged immobilisation, patients recover with wasted and oedema-

tous limbs, often with adhesions in joints and tendon sheaths which
have been injured, and which have been the seat of extravasation;

also, that the early swelling is the cause of a good deal of tensive

pain. It is stated by Lucas-Championniere and others that all

these ills may be avoided by the proper use of massage, which has

been widely adopted in England for sprains, but does not seem to

have been much employed for fractures until after they have united,

when the above-mentioned results must be dealt with. According
bo the above authorities, splints are an evil and are to be used only

when displacement would result from their omission ; in many
fractures less restrictive methods may with advantage be adopted.

The teaching with us has always been that perfect fixation is necessary

to perfect union—that mobility is the great cause of non-union. As
we have seen, in fissures of the skull, perfect fixation leads to the

formation of very little callus and possibly to imperfect union;

whereas callus always forms richly about a fractured rib, and non-

union of a rib is practically unknown. But there is a difference in

degree between the mobility in this case and in that of an untreated

fracture of a limb, which sometimes results in non-union. Again, it

is undoubted that massage will widely diffuse extravasations and
effusions, and promote their absorption, and that it increases the

circulation and nutrition of the tissues of a part ; in these circum-

stances, callus production is asserted to be rapid and free. But, can

massage be carried out without causing pain, excessive mobility, or

displacement, which it is the object of splints to prevent 1 As to pain

—

the first point is to ascertain the seat of the strictly-localised fracture
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pain, and to avoid it in performing the massage. As to movement, the

part is laid comfortably on something giving uniform support

—

e.g. a
sandbag or, in some instances, the surgeon's thigh covered with a towel;

little movement of the fragments then results from the massage.

Under these conditions, it is said that comfort and relief of pain are

always experienced from a seance; that the opposite effects may be
taken as showing that the massage is too forcible, trenches too

closely on the fracture, or is in some way improperly performed.

The existence of a tendency to displacement is a serious difficulty

;

it is met by performing massage at once to diffuse the early extrava-

sation, and then applying splints, which are removed after three or

four days for a repetition of the massage, whilst the limb is held in

position by assistants. The tendency to spasm and shortening is

said to subside soon, and then regular seances can be undertaken.

The movements to be practised are of the simplest kind. With
the limb well supported, light upward pressure is to be made with
the thumbs, starting from the tender point ; the fingers rest on the

side of the limb, and both they and the thumbs are well greased with
vaseline or olive oil. Even in the same seance it will be found that

firmer pressure can be borne. At the end of each seance the patient

should be encouraged to perform all the movements of the limb which
are possible without producing displacement, the hands of the surgeon

supporting the fracture ; and where a patient fails through lack of

resolution, the surgeon will execute passive movements. Each seance

lasts a quarter to half-an-hour ; it is repeated, at first, daily, or even
twice a day until the early swelling is gone—then at longer intervals.

Longer or shorter seances should be continued more or less frequently,

so long as any part is painful or stiff. It is obvious that treatment

of this kind must be carried out by a surgeon ; it cannot, without

danger, be handed over to "specialists in massage." A. Landerer
quite recently has claimed that massage, begun so soon as there is no
more fear of bending of callus, shortens the period of treatment to

half or one-third, and enables the patient to use the limb properly

in half the usual time, while wasting, oedema, and stiffness are

avoided.

TREATMENT OF COMPOUND FRACTURES.

First help.—The first help to be rendered in cases of com-
pound is similar to that recommended in cases of simple fracture,

with the addition that no unnecessary meddling with the wound
is to be permitted; if the part be not injured past recovery, the

point of first importance in prognosis is the absence of infection

of the wound. Bleeding must be dealt with by elevation or by
pressure above the wound

;
pressure on the wound so often leads

to infection and wide extravasation into the tissues. If transport

to proper assistance will be short, it is probably best to leave the

wound untouched, and not to reduce a fragment should it project
' and become soiled ; it will act as a plug, which can be easily

cleaned. If aid cannot speedily be procured, every endeavour should
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be made to render the wound dry. Unless most thoroughly washed,

fingers should not be introduced into the wound, for they are great

collectors of pyogenic organisms. If water can be boiled, and
clothing can be sterilised by moist, or even by dry heat, the cleansing

of the wound and the preparation of a clean dry dressing becomes
simpler. It is certain that no thought or care expended upon the

first treatment of a wound can be regarded as excessive.

Deliberate treatment.—In the deliberate treatment of com-

pound fractures, the first question to decide is whether the case is

one for primary amputation, for conservative treatment, or simply

for care until death arrives.

The question of amputation.— Experience affords the

only ground for forming an opinion as to whether a patient will

or will not bear an amputation ; and even the most experienced

are often wrong. "When in doubt, the treatment is that of

shock, coupled with measures to prevent loss of blood and infec-

tion of any tissues which it is desired to save. If the patient

rallies, amputation is done aseptically, infusion of saline solution

being generally indicated. Statistics show that, in spite of " last

chances" being given freely, primary amputation has become
more and more successful. Eor example, Erichsen, some years ago,

stated that he would never again, in an adult, amputate at the hip

for injury. Of late years many successful cases have been reported.

The great cause of death in these cases is shock.

When life is not threatened by shock, the question is, " Can the

patient recover with a useful limb 1 " No doubt will exist when a
limb, at or below a certain point, is crushed so that circulation in

the distal part is impossible. A similar difficulty may arise from
rupture of the main artery, a difficulty greatly increased by sub-

cutaneous bleeding, compressing all the tissues through which
collateral supply might be established, or by simultaneous injury of

the main vein. In each case, gangrene is more probable in the lower

than in the upper limb. The surgeon must consider each case on
its merits, and decide whether or no something must be done ; if he
think that by incision and ligature of the wounded vessel, with removal
of the main mass of extravasation, he can reduce the conditions to

something approaching those prevailing after simple ligature of the

same vessel, he will carry out this operation, but in such a way that

amputation, should it become necessary, may be conveniently

performed. But if the patient be old or feeble, the arteries rigid,

the heart unsound, the extravasation when seen widespread, or tho

probability of deep-seated infection great, primary amputation at

the seat of fracture will be the wisest course. Extensive comminu-
tion of a bone and fissures extending into joints necessitate

amputation only when sepsis is added ; in old days it was a frequent

indication—especially in gunshot injuries,—experience showing that

primary amputation gave the best results ; but antiseptics, even in

warfare, have changed this. Under these conditions careful disin-

fection will be given a trial. Great loss of soft parts, muscle and
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skin, or skin only, may necessitate amputation ; but the success of

extensive grafting operations must here be borne in mind. Two or

more of the above conditions may be combined, the need for primary
amputation being proportionately increased. Clear evidence of

infection is always an important element in the decision.

Conservative measures.—If conservative treatment be

decided upon, it is to be carried out somewhat as follows :

—

Disinfection.—Immediately it is found that the limb is

fractured at a certain point, and that a wound, possibly communi-
cating with the fracture, is present, the wound is well douched with

1 in 20 carbolic lotion or other reliable antiseptic, and covered with a

thick "guard " steeped in the same, and fixed by a turn or two of

bandage. The splints which may be required, and the other things

mentioned below, are got ready. The clothes are entirely removed from
the injured limb, which is laid upon a mackintosh and towel wet with
1 in 40 carbolic lotion. The limb is thoroughly washed with a piece

of gauze, soap, and hot 1 in 40 lotion, up and down from the guard

;

when the rest of the limb is clean, the guard may be replaced by one
covering the wound only, and the washing carried out as far as is

possible without washing anything into the wound. It is well then
to shave a good area from the wound, and finally to sponge the limb
with 1 in 20 carbolic lotion. The clean limb is now laid on another
mackintosh and wet towel, and the wound is subjected to further dis-

infection, which must be thorough in proportion as the risk of infection

—evidenced by time which has elapsed since the injury, presence of

dirt and clothes in the wound, history of fingering of the wound, etc.

—has been great. When a fracture of the tibia has been rendered
compound by an endeavour to stand, and the point of the upper
fragment has protruded through the skin, and has remained plugging
the wound till the patient is seen, the chance of infection is slight,

and a careful cleansing of the fragment and skin around with 1 in 20
carbolic lotion will probably be sufficient, without interfering with
the depths of the wound ; the fracture being reduced only after the
point of the upper fragment has been cleansed. But when there is

reason to fear infection of the depths of the wound, surgeons endea-

vour, by the introduction of antiseptic solutions into the cavity, to

destroy any germs which may exist within it, and there can be little

doubt but that it is the correct practice. For, although it appears to

be true that organisms are absorbed with great rapidity from the
surface of a recent wound, and that disinfection of a wound even
immediately after its inoculation with a lethal organism will often

fail to save the life of an animal, yet it is certain that pyogenic
and septic organisms do not excite supptiration and putrefaction in

a wound unless they remain in it enveloped in clot, etc. Probably
suppuration is frequently prevented by the absorption and destruc-

tion by the tissues, or the elimination of germs falling into a wound.
Accordingly, all obvious foreign bodies and dirt, blood and clot,

should be removed from the wound, which is enlarged sufficiently to

permit exploration of its x-ecesses ; for sepsis, with all its dangers,
z *
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would certainly result from the retention of a bit of cloth. Then an
antiseptic of suitable strength should be applied to the edges, sides,

and depth of the wound. The stronger solutions are best applied

with a bit of sponge or wool held in sinus forceps ; the more dilute,

in quantity by means of an irrigator or Higginson's syringe with a

long fine nozzle—such as a glass female catheter. The pressure

should be low, and there should always be ample space for the

escape of fluid, lest it be injected into connective tissue planes.

Sometimes parts which are very deeply infected are best treated by
excision

—

e.g. the end of a protruding fragment or crushed edges in

cases due to direct violence. An anaesthetic is often necessary for

thorough disinfection.

The occurrence of emphysema, even widespread, does not involve

extensive infection, for the air is filtered by the tissues of the

wound, through which it is forced by movements of the part.

When the bone is comminuted, fragments found absolutely loose

are removed, those still attached to soft parts are left. Theoretically,

in an aseptic wound, loose fragments should not require removal,

for it is unnecessary in simple cases, and pieces of bone can

be transplanted. Nevertheless, such fragments often die, and
either come away or require removal later. Even the ends of the

main fragments, stripped of periosteum, not uncommonly die, and
are cast off like any other sequestrum ; so some would excise more
or less of the end of a fragment from which the periosteum was
widely stripped. There is a clear objection to the practice ; a gap
in a bone is likely to lead to weakness, deformity, or non-union,

especially if it occur in one of two parallel bones, the other pre-

venting shortening (Fig. 224). "Where there is no alternative, then

the second bone should be shortened by excision of a sufficient piece.

The variation in frequency of necrosis in different statistics is so

striking that one cannot help concluding that it is the less frequent

the greater the success of antiseptic surgery in the clinic.

Another difficulty may have to be dealt with, viz. hcemorrhage.

Oozing sometimes goes on even for days without there being a vessel

of any size wounded ; this is best met by elevation and uniform
pressure over a gauze and wool dressing, covering a considerable

area round about the wound. The case would seem suitable for the

administi'ation internally of chloride of calcium, as recommended
by Wright. If the bleeding be too free to be regarded as oozing,

and is not checked by the above remedies, search must be made for

its source, the wound being opened up if necessary, and the frag-

ments turned out as carefully as possible, so as not to increase the

detachment of periosteum.

Kedeactiom is effected as in a simple fracture, but assistance

may often be rendered by a finger in the wound ; difficulty in re-

ducing a protruding fragment may necessitate enlargement of the

wound, or even removal of the protruding portion.

When, in a compound fracture, there is difficulty in maintaining

reduction, one or two holes should be drilled through the fragments,
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and wire sutures or plated screws inserted. Indeed, this is probably
always worth doing when the fragments are so freely exposed as to

be easily got at, the subsequent treatment is so much facilitated

;

but it is doubtful whether, without further reason, one would be
justified in converting an uninfected puncture into a con-

siderable wound, which, should it not heal per primam, would for

a considerable time expose the patient to the possibility of

infection.

Dressings and splints.—After the above treatment, the

fracture is held in position whilst the necessary dressings and
splints are applied. It is a general rule that splints should be
placed outside the dressing, unless they can be entirely included

within it. To fix a leg on an Arnold's or a Maclntyre's splint, and
then apply a dressing about a wound, including the splint, is to

court infection ; for the discharge will almost certainly come through
between the limb and the splint where it is not to be seen, remain
moist, and liable to putrefy. When a solid gutter splint is used,

even outside the dressing, there is always danger that discharge

coming through towards the splint may be unnoticed and remain
moist. Sometimes short metal side splints can be included

from end to end in the dressing, and may be used ; but if the

dressing has to be changed, the splints come off with it, so they
have no advantage in this respect over such splints as those above
named applied outside the dressing. At each change of dressing

the wound is exposed, the limb lifted by the surgeon (page 767),

the old dressing is replaced by a new one and any re-padding of

the splint done, and then the limb is laid down upon it. If well

managed, everything being ready beforehand, the disturbance and
pain are generally slight. But when there is tendency to displace-

ment, when pain and nervousness result in spasm directly the limb
is touched, it is a clear advantage to use apparatus which need not

be removed, especially in the case of the heavy and powerful lower

limb. Extension between sandbags is often useful. Thomas's knee
splint without the leather apron, but with a plaster bandage round
the bars and the limb running up and down from the dressing, is most
valuable. The shoulder strap is used, and extension is generally

useful. If a wide gap must be left between the plaster bandages,

short lateral splints or a trellis splint can be buckled round the

dressing. But, generally, a thick wool dressing and a firm bandage
round limb and bars afford ample support. This is the most secure

form of bracketed plaster splint. Hodgen's, Smith's anterior splint

and the trellis splint are often useful. Many compound fractures

are treated by the application of an ordinary plaster splint outside

the dressing ; discharge may come through the plaster and dry if not
too profuse. Each surgeon will use that form of antiseptic dressing

upon which he has learnt to rely. There is none better than the

double cyanide gauze and salicylic wool applied in mass and firmly

compressed ; discharge may come through this dressing very freely

before it requires changing. After twenty-four to forty-eight hours
z* 2



780 INJURIES OF BONES.

in an aseptic case, discharge has generally ceased, and dressings may
then be left on for long periods.

Results of antiseptic treatment of compound fracture.

—

Makins and Abbott have given a very valuable summary of the

results obtained at St. Thomas's Hospital in 322 compound fractures

of the six long bones. The cases were under the care of many
different surgeons, house surgeons, and dressers during the years

1881-1890 ; the point common to all was the attempt to carry out

treatment based on the antiseptic principle. Obviously, similar re-

sults may be obtained by all who will take the necessary trouble.

Of the 322 cases, 92 were of the upper (humerus, 54) Hmb, and
230 (tibia and fibula, 166) of the lower. Direct violence was the

cause in 164, indirect in 107, whilst in 51 there was no cause

stated. A joint was clearly implicated in 36 (9 per cent.), but the

writers think this complication was more frequent. Of the 322,

12 (3-726 per cent.) died within 24 hours, 65 (20-18 per cent.) were
treated by primary amputation, and 245 (76-08 per cent.) con-

servatively.

Of the 65 cases of primary amputation, 19 (29-23 per cent.)

died—5 of 11 cases of fractured femur, 13 of 35 cases of fracture of

both bones of the leg, 1 of 14 cases of fractured humerus. Most of

the deaths were from shock and concurrent injury, but an amputa-
tion at the hip died from sloughing of the flaps, and two cases of leg

amputation died of sepsis and pneumonia respectively. The high

mortality, and the fact that only 3*7 per cent, died without opera-

tion, show that amputation was done whenever there was any hope
of recovery.

Of the 245 cases living over 24 hours and treated conservatively,

17 (5-27 per cent, of 322, 6-93 per cent, of 245) required secondary

amputation. The indications were general septic infection, 2

;

tetanus, 1 ; cellulitis, 2 ; suppuration of soft parts, 6 ; and of

neighbouring joint, 2 ; necrosis, 2 ; and secondary haemorrhage, 2

—

failure to obtain or to maintain asepsis was the fundamental cause in

all cases. Of the 17 cases 3 died (17-65 per cent.).

There remained 228 cases (70-80 per cent, of the whole), which
were treated conservatively throughout; of these 7 (or 2-86 per

cent.) died. If two deaths from broncho-pneumonia—not septic

—

and ordinary pharyngeal diphtheria be subtracted, the mortality is

reduced to 2-04 per cent. One death was from tetanus, and the

four others from ordinary sepsis. When it is remembered that in

pre-antiseptic days a large number of these conservatively-treated

cases would have been subjected to primary amputation, that the

mortality among those treated conservatively would have varied in

different institutions between 25 per cent, and 70 per cent., and that

a considerable number of those recovering would have lost the

injured limb by secondary amputation, the above results show
clearly the improvement effected by antiseptics. Of every 100 cases

thought fit for conservation, treated as they were at St. Thomas's

Hospital, 3-26 per cent, would die, and 5-71 per cent, would recover
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after amputation ; more than 90 per cent, would regain a sound
limb. It is worth noting also that of the 36 cases in which joints

were implicated, 7 were treated by primary amputation, and of

these 3 (knee cases) died ; 2 needed secondary amputation, and
3 were excised. These, and all other cases treated conservatively,

recovered.

Lastly, it is interesting to examine the complications which arose

in the 228 cases treated conservatively. Pyaemia, septicaemia, and
tetanus each proved fatal once ; the septicemic case had also

delirium tremens. Erysipelas occurred 11 times (4*82 per cent.),

with no death ; cellulitis, 1 ; suppuration of a knee joint, 1 (fatal)
;

secondary haemorrhage happened 4 times; necrosis, 13 (5 '70 per

cent.) ; and gangrene of skin, 1. Every one of these complications

is due to failure in the antiseptics ; unfortunately it is not stated

how often suppuration occurred. Non-union probably occurred in

four cases, and an arterial hematoma in one.

Treves has recently recommended a very simple method of treat-

ment, which has yielded surprisingly good results. The points in it

are the following :—The limb is cleansed, the fracture reduced, and
splints applied as soon as possible. The splints are wooden, well

padded, and fixed with webbing bands and buckles, without bandages.

The limb is always kept exposed to the air, to avoid contact with
the hot, moist and foul air of the bed. The wound is dressed with a
little heap of diy antiseptic powder—iodoform or creolin, the latter

being preferable ; .more is dusted on as the poAvder becomes soaked,

but the original crust is not disturbed for a week or more. In six

years (1886-1892) Treves thus treated 61 cases—being all which did

not die within twenty-four hours, which were not amputated at once,

or which were not irrigated. Mr. Treves tells me that only cases in

which he should otherwise have amputated at once were irrigated.

Among the above 61, bone was sawn off in three cases, and in four

instances delirium tremens developed. Of the 61 cases, 49 (80-32

per cent.) recovered without suppuration; 12 (19-67 per cent.) sup-

purated, 5 (8-2 per cent.) so badly that secondary amputation was
done, without a death. All cases which suppurated were due to

direct violence. One patient, a man of 69, died on the 28th day
apparently of some chronic septic poisoning, his wound having

healed per primam. Erysipelas occurred twice (3-27 per cent.);

necrosis three times (4"91 per cent.). The numbers are small; but

of every 100 cases thus treated, 1*64 per cent, would die, 80-35 per

cent, would recover without suppuration, 19-67 per cent, after sup-

puration, and of the latter 8 - 2 per cent, would have undergone
secondary amputation.

The method appears to depend for its efficiency upon—(1) the

drying up of discharge into a scab or paste too thick to serve as a

soil for bacteria; (2) upon the antiseptic power of the powder used;

(3) upon the immobility secured, and the drainage—more or less

free, according to the size of the wound—which is permitted. With
regard to (2), we know of no reliable examination of the antiseptic
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value of creolin powder, but we do know that living germs may
exist in numbers in either dry or wet iodoform. It seems likely,

therefore, that dryness is the chief factor in the success achieved, as

it was when ISTeudorfer similarly used plaster of Paris, and the

surgeons of the Strasburg Hospital used sachets of castor sugar.

Simplicity, absence of disturbance, and ease of examination are

important advantages.

Treatment Of septic cases.—If a compound fracture " goes

wrong," treatment must be in accordance with the general principles

of surgery. The most perfect fixation, the most complete rest, the

best position to facilitate drainage, secure ease and diminish the

blood supply to the part must be arranged for. If the skin-wound
be small, the extravasation wide, and the infection severe, no time

should be lost in cutting freely down to the fracture, and widely into

the area of extravasation ; large tubes or iodoform gauze plugs should

be inserted, and, after bleeding has quite ceased, the inflamed part

should be surrounded by a thick fomentation, wrung out of boiling

1 in 2,000 perchloride of mercury lotion, changed every three hours.

The objects of this are (1) to ensure that there shall be no retention of

infected fluids in the tissues ; to provide that it shall be easier for such

fluids and the germs present in them to run out into the dressing

than to pass by lymphatics and veins into the circulation, causing

general poisoning, or into adjacent connective tissue planes, there

to excite suppuration—to obviate which evils drainage can hardly

be too free
; (2) to prevent further change in the discharge whilst

in contact with the wound
; (3) to dilate the superficial vessels over

a large area, and thus reduce pressure in the inflamed area; and

(4) to encourage granulation. Continuous irrigation where it

can be established with a free flow—at least a pint a minute

—

of water at about 60° F. is another excellent plan of treating

septic cases. It acts by washing away decomposable discharges,

preventing the settlement of germs, and keeping down the tem-

perature.

The temperature chart will be anxiously watched, and the limb

be frequently examined for any indication of abscess or spreading

oedema ; sometimes suppuration goes on most insidiously, and con-

siderable abscesses are unexpectedly discovered. With immovable
splints it is difficult to make these frequent examinations ; with
movable ones, it may be hard to control the parts. The more
widely our incisions are distributed, the more difficult is it to apply

efficient dressings and splints. But, whilst the inflammation is

spreading, our first object must be to control it, and deal with

its results.

Ultimately, in bad cases, prolonged spreading suppuration, hectic

fever, frequent incisions, and anaesthetics have so worn out the

patient's strength and courage, and the limb has been so damaged,

that both patient and surgeon are glad to end the case by a secondary

amputation. In the course of such a case an uninjured joint may
suppurate ; but, generally, when a joint suppurates it has been
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involved in the fracture—perhaps by a fissure extending a long
distance through the bone.

Septic osteomyelitis and septic arthritis are extremely grave com-
plications, quite likely to be associated with pyaemia or septicemia.

Our chief hope lies in the most perfect drainage, not only of the
fracture and fissure, but also of the joint ; continuous irrigation maj
be of much value.

If the articular end of a bone has been fractured, and the state

of the patient permit it, resection of the joint may be performed—
for displaced and, perhaps, necrosed fragments are mechanical irri-

tants, and septic discharge readily bags among them ; but, in many
cases, a careful consideration of the condition of the part, and of the

patient's strength, will incline the surgeon to amputate.

The occurrence of pyaemia, septicaemia, or of acute spreading

traumatic gangrene, must be met by high amputation ; acute tetanus

is probably best treated similarly. Erysipelas, by producing exhaus-

tion by fever, by causing diffuse suppuration and sloughing of con-

nective tissue and skin, perhaps by inducing suppuration of a joint

over which it passes, may be a very serious addition to the patient's

ills. Rarely secondary haemorrhage occurs, and must be treated by
ligature of the bleeding point if possible. Even in a sloughy wound,
with our perfect means of haemostasis, it is possible to follow up a
bleeding vessel until a ligature will hold ; but amputation will be
preferred if the limb be much damaged, or if the ligature would
seriously endanger the blood supply of the part beyond.

Necrosis, of greater or less extent, is the rule in suppurating

cases ; separation of the sequestra may be very slow ; even repeated

well-conducted operations may fail to find all, and those left may
cause so much trouble in the way of abscesses, prolonged suppura-

tion, fever, and albuminoid disease, of matting and wasting of

muscles, that the limb has, after a long struggle, to be sacrificed.

Vicious union and pseudarthrosis are unduly frequent results of

compound fractures.

INJURIES OF VESSELS AND NERVES IN FRACTURE.

Wounds Of arteries.—Recognisable injuries of considerable

vessels are rare complications of fractures
;
yet, large arteries and

veins are liable to injuries in both simple and compound fractures.

In the latter, more or less of the blood from any bleeding vessel

escapes externally, and the presence of a wound does away with any
hesitation one may feel in simple cases when the question of ligature

arises ; otherwise—putting sepsis aside—the results of injuries of

vessels in the two classes may be described together.

These lesions are three to four times more common in the

lower than in the upper limb, owing to the greater frequency of

comminution and laceration in the lower extremity, to the close

relation of the femoral artery to the femur in its lower third, and
of both the tibial vessels to the tibia—the anterior bein« sunk
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between the bones ; and to the greater number of arteries in tLe

leg of size sufficient to give rise to symptoms. Whilst the leg

vessels suffer more often than the femoral (about 1 to 1-5), and
the femoral is rarely injured above the lower third of the thigh, the
axillary is involved as often as the brachial, and the fore-arm

arteries very exceptionally.

The conditions met with are complete division, wound, rupture

of the inner coats and consequent thrombosis, and simple com-
pression, leading to thrombosis, by or between dislocated fragments
or splinters. Each may be brought about by either direct or

indirect violence, though rupture of the internal and middle coats

is usually caused by direct violence crushing a vessel against a bone.

The wounds present sharp or torn edges, according to the nature of

the violence and of the fragments ; in complete lacerations the ends
may be sealed by the pulled-out external coat, just as when parts

are torn off. Complete division and wound are about equally

frequent—the chance that bleeding will be arrested being less in

the latter case. Rupture of the inner coats from contusion and
compression is relatively rare. The popliteal and the anterior

tibial are almost the only vessels compression of which has been
noted. The anterior tibial has occasionally been torn by stretching

where it passes through the interosseous membrane. (See also p. 500.)

Few cases of compression or wound of veins only are recorded as

complicating fractures ; venous anastomoses are too free as a rule,

the blood pressure too low to cause serious symptoms. But the

addition of an injury of a main vein to an injury of the main artery

may be very serious.

The results of the above injuries to vessels are :—(1) extensive

extravasation into the tissue, with (2) more or • less external

haemorrhage in compound cases
; (3) the formation of an arterial

or venous hsematoma
; (4) gangrene

; (5) venous thrombosis and
embolism.

When an artery has been wounded or divided, and the wound
remains open, blood is pumped into the tissues, and forced to a
greater or less distance up and down the limb—the distance varying

with the blood pressure, the laxity of the areolar planes, the size

of the wound, and the tendency of the blood to coagulate and
form a wall to the extravasation. Under unfavourable conditions

the limb becomes more and more swollen, especially in the neigh-

bourhood of the fracture, its surface cold and pale or bluish, mottled

by vessels containing stagnant blood, or by actual extravasation ; if

there was a pulse beyond the fracture at first, it disappears as the

tension of the limb increases ; colour beneath the nails disappears

slowly under pressure, and returns even more slowly; the early

tensive pain dies away, and is replaced by increasing insensitive-

ness. Moist gangrene is imminent. Under opposite conditions the

swelling spreads and increases slowly, and is ultimately brought to

a standstill ; the circulation in the distal parts, though much
impeded continues sufficiently to assure the surgeon that recovery
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is possible; gradually the circulation improves, and the general

swelling subsides ; then, perhaps, a circumscribed fluctuating swelling

is discovered in the region of the fracture, and in this thrill,

expansile pulsation, and systolic bruit may become evident. This is

an arterial hematoma.
Between these two examples there are cases in which the most

experienced will be in doubt as to whether circulation in a limb can
be restored. The diffuse extravasation above described sometimes
develops slowly, or rapidly after some days, owing, probably, to

shifting of a clot or of a plugging or compressing fragment. Again,

there may be no excessive primary swelling, but after some weeks,

generally on the removal of the splints, a swelling is found at the

seat of fracture, which may have all the signs of an aneurysm ; but
it may have none, the skin over it may be thin and red and fluctua-

tion distinct ; more than once a knife has been put into such

a swelling in the belief that it was an abscess. In these cases of

circumscribed arterial haematoma of late formation we can only

surmise as to why there was little early extravasation or why the

extravasation became so perfectly circumscribed : thus, a late wound
or the shifting of a clot is possible at a time when the tissues are

matted about the fracture and clot fills their interstices, when the

limb is constantly at rest, uniformly supported, perhaps suspended,

and arterial supply is at a minimum.
If the fracture be compound, but the wound small and the

track to the wounded vessel long and oblique, there may be little

external hemorrhage; or it may be free at first, and cease under
simple treatment, or none, as the wound fills with clot ; the wound
may heal, or more or less severe bleeding may recur at intervals

;

and, in either case, one or other of the above conditions develops

from diffuse or localised haemorrhage into the tissues. On the other

hand, if the fracture be freely compound, the blood escapes externally

instead of into the tissues.

Where arteries become closed as a result of laceration or rupture
of the inner coats or of compression, and little bleeding occurs, the

pulse will be missed below ; collateral circulation may be estab-

lished, just as after ligature at the point; but gangrene may occur

after ligature, and is obviously more probable with laceration of

surrounding tissues and compression by extravasation of collateral

vessels. (See also page 536.)

The dangers of sepsis in these cases are many and obvious
;

secondary haemorrhage from sloughing of the artery is specially

likely in cases of undiscovered and unrelieved compression.

Wounds of large veins have caused huge haematomata, threatening

or inducing gangrene; in one case (Erichsen) compression of the

subclavian by a fragment of the clavicle caused gangrene.

Treatment—In a freely compound fracture with a bleeding

vessel—artery or vein—at the bottom of the wound, no one would
hesitate to tie both ends above and below the opening. The treat-

ment should be exactly the same when, in a compound fracture, the
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diagnosis of haemorrhage into the limb from a considerable vessel is

made. Enlargement of the existing wound will serve for more
thorough disinfection, examination, and suturing of the fragments

as well as for the securing of the vessel. If it become evident that

the vessel can be better reached through another incision, this will

scarcely add to the danger of sepsis. In such cases the circulation

should be arrested, all clot should be removed from the wound by
rubbing with sponges and scraping with a spoon, and as much fluid

as possible should be expressed from the opened areolar planes to

relieve collateral vessels from pressure.

In the case of a simple fracture loithfree haemorrhage going on into

the tissues, unwillingness to render the injurycompound is natural, yet,

as we can with great probability of success guard against sepsis in a

wound inflicted by ourselves, and as this wound will very likely enable

us to confer some advantage upon the patient besides that of securing

the vessel, it is wise when the diagnosis of progressive haemorrhage

from a main artery can be made, to operate so soon as we can con-

vince ourselves that the bleeding is not becoming limited in a natural

way. To wait till gangrene is imminent, and till the limb is tensely

filled with blood and clot, is to render the discovery of the vessel at

fault and the restoration of the circulation most unlikely. When
a case is first seen in this condition the surgeon may feel inclined to

attempt to save the limb. He will probably fail, gangrene super-

vening even should he secure the bleeding vessel ; very likely he

will not find it if the fracture is in a part like the upper third of

the leg, where either of three or four vessels may have yielded the

extravasation. Early and accurate observations on the point of

appearance of swelling and the pulse beyond in the different

vessels may be of much help in determining which vessel is injured

—hence the rule to feel the pulses beyond a fracture in all cases.

Whilst observing a case in which deep bleeding is feared, the limb
should be elevated ; some have recommended digital compression of

the main artery for half to one hour in the hope that the bleeding

vessel may be closed by clotting. When tension in the tissues is

not already great, moderate uniform pressure by bandage over

thick cotton wool, leaving the fingers or toes exposed, might limit

the extrasavation ; but there is an element of risk in it, and where
tension is already great, no outside pressure must be used. The
condition of the circulation in distal parts, and frequent com-
parative girth measurements of the limb are the points to which
attention should be paid. When absence of distal pulse is noted

without excessive swelling about the seat of fracture, exact setting

of the fracture must first be seen to, to eliminate (as far as possible)

compression. Compressing splints and bandages should, if possible,

be avoided for a time. The limb should be wrapped in cotton wool

and kept slightly elevated, to facilitate venous return ; this may
be aided by occasional massage in the upward direction. Should

gangrene result from simple closure of an artery it appears early.

A circumscribed arterial hematoma may seriously impair the
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blood supply to parts beyond, it may increase and tend to burst, or

suppuration may occur in the tissues round about it. It should

be treated in these circumstances by free incision, whilst the
circulation is controlled, turning out of blood and clots and double
ligature of the supplying vessel. But should it not be a source of

danger, the fracture should be treated, and, during the necessary

rest, the hematoma may consolidate. Should it not do so, central

digital compression of the main artery may be tried, with fair hope
of success. This failing, the operation last mentioned should be
carried out after union of the fracture is complete. Ligature of the

main trunk at a point of election has succeeded, but the danger of

gangrene is probably greater than in cases of true aneurysm; the

cure of the hpernatoma is doubtful; there is in these cases no disease,

but only an injury of the artery, and we can now so thoroughly
control the circulation in most parts as to be able to perform
deliberately operations which formerly were often matters of

desperate haste.

Secondary haemorrhage from a compound fracture which is not

septic is almost as rare as late deep bleeding in a simple fracture.

The sloughy condition of the wound constitutes the special difficulty

in finding the bleeding point, and in getting a ligature to hold ; this

is best met by passing a probe along the vessel, and dissecting along

it till a sound spot is reached. If the limb be already seriously

damaged, this complication will raise the question whether it is

worth preserving.

Venous hosmatoma should be treated on the same lines as the

arterial form when it threatens mischief, though it must be admitted
that the difficulty in dealing with one from the subclavian vein

would be great. Compression by a splinter of the clavicle could

certainly be directly dealt with.

Gangrene after fracture.—It will be convenient to summarise
what has been said of gangrene in connection with fractures.

Gangrene may result (1) from the original injury to soft parts ;

(2) from constriction and compression of the limb by bandages and
splints

; (3) from inflammation
; (4) from injuries to large vessels.

(1) It is not always possible to tell whether a part will recover,

and it is right to give it the chance of doing so ; in such a case the

patient or his friends should be told the state of matters.

(2) The application of a bandage directly to the limb, or of some
apparatus constricting the limb circularly, especially a plaster splint,

either too tightly at first, or so that it becomes too tight owing to

early swelling of the part, has been a frequent source of gangrene,

especially of the fore-arm. So, too, has flexion at the elbow ajter

the application of a bandage to the limb. The use of firm circular

pressure round the upper part of a limb without giving support to

the distal part might act as a cause. In these cases the surgeon

would be to blame, first for the errors in treatment, and secondly

for neglecting to watch for or failing to perceive the signs of impaired

circulation in the dibits.
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(3) Spreading traumatic gangrene is fortunately rare, yet a

compound fracture, not as a rule a severe one, has been one of its

commonest starting points. Diffuse cellulitis, erysipelatous or

" simple," may cause extensive sloughing. The surgeon may be

to blame for allowing the wound to become septic.

(4) Closure of a main artery by complete laceration, rupture of

its inner coats with thrombosis, or compression and thrombosis,

complicated always by more or less laceration of soft parts and
extravasation ; division or wound of an artery with extensive extra-

vasation ; division of main artery and vein ; very rarely, wound or

compression of a main vein—form a group, including the most interest-

ing causes of gangrene after fractures. (See also pages 132 and 147.)

Treatment,—Common sense suggests the measures to be taken

to prevent gangrene from many of the above causes. The treatment
is amputation, so soon as it is clear that gangrene must occur or has

occurred. It must be performed high enough to render it probable

that the flaps will live and be free from any infection which may
have occurred. In gangrene from wound of main vessels, with
which we have been unable to deal, amputation cannot be done
lower than the wound. When the vessel has been secured, circula-

tion may be restored to a greater or less extent in the threatened

part, and this may be the case also in gangrene from thrombosis

after injury ; amputation must then be done above the gangrene in

well-supplied and non-infected tissues.

Venous thrombosis and embolism in fracture.—Venous
thrombosis must occur in every case in which veins are torn or

bruised ; it excites attention only when it spreads widely. The
reason why some thrombi spread is unknown. It appears to be much
commoner in simple than in compound cases, and is certainly far

more frequent in the lower than in the upper limb, a fact which is

probably connected with the slower circulation, tendency to varix, and
degeneration of vein-walls in the former. As deep veins can only

occasionally be felt when thrombosed, no diagnosis can be made till

the thrombi in them are sufficiently extensive to excite marked oedema.

This generally appears between the first and fourth weeks after the

injury, and more or less suddenly; the swelling may be very

considerable, involving a whole limb or more of the body ; it is firm,

pits little, and often last weeks or months—until the clot clears up
or becomes canalised. (See also page 561.)

Embolism of heart and lungs is the great danger of thrombosis,

and is fortunately rare. It is usually a thrombus from the lower

limb which shifts, either without obvious cause or in consequence of

some movement or manipulation ; the clot is carried into the right

heart, where it may stop, but it generally passes on into the pulmonary
artery or its branches. The embolus may be quite small, or consist

of a cylinder many inches long, coiled upon itself, and bearing the

impressions of the valves in the vein in which it was formed. The
smaller emboli produce the well-known morbid appearances of

infarction ; the larger cause sudden death.
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As a rule, there are no premonitory signs other than, perhaps,
oedema of the limb. The patient may be suddenly seized with fatal

syncope. More commonly there is a short period of intense alarm
;

cries are uttered, "I'm dying," " I can't breathe," and the like; the
face is pale and expresses terror, air is entering the lungs freely, the
heart is palpitating violently ; the patient struggles for a minute or
two—then all is over. In the minor cases the symptoms are similar

but less severe, and they pass off. From such patients we may learn

that they felt something move from their leg and pass up into their

chest. The attack may be followed by brick-red expectoration and
signs of a patch of consolidation.

Injuries Of nerves in fracture.—These appear to be more
common in connection with fractures than injuries of vessels. They
are far more common in the upper than in the lower limb, because
in it the musculo-spiral (injured in more than one-third of all cases),

brachial plexus, and ulnar nerves (Fig. 253) lie close to bones at spots

where fractures are common, and more frequent in simple than in

compound injuries, probably because the latter are unusual in the
arm. In the lower limb the peroneal nerve is most frequently involved

where it lies on the neck of the fibula ; then comes the anterior tibial.

Injury of a nerve may be due to direct violence or to a displaced

fragment ; usually it occurs with the fracture (primary lesion), but

occasionally compression is due to late displacement of fragments or

splinters (secondary lesion), or to involvement in callus or scar

tissue.

By far the commonest primary lesion is a contusion, which may,
however, amount to a crush, destroying physiological continuity

more or less completely. In rare instances a nerve may be more or

less completely torn through, or pierced by a splinter driven into its

substance, or jammed between the fragments, or drawn tight and
kinked over the end of one which is displaced. (See also page 689.)

Symptoms.—The symptoms of these lesions must be :—impair-

ment of function of the injured nerve, varying from slight interfer-

ence with, to complete loss of, conducting power of sense and motion

;

and pain from the injury, which is rarely, if ever, of the nature of a
clean cut, and which consequently is likely to cause somewhat pro-

longed aching. In cases in which a nerve is partly torn through,

transfixed by a splinter, caught between the two fragments, stretched

over the edge of a displaced fragment, or contained in a rough-walled

canal, pain may be constant and agonising (in several cases of old

date it gave rise to amputation), or it may occur in violent shock?

with certain movements. But these irritant lesions have worse con-

sequences : symptoms like those of tetanus, and resulting in death,

have occurred even in simple fractures ; an ascending neuritis reaching

even to the cord and ending in tabes has been traced lately to lesions

of peripheral nerves ; and prolonged neuralgia, paralysis, wasting, con-

traction, glossy skin and other trophic lesions have not uncommonly
resulted. Division of a nerve, actual or physiological, is followed by
its degeneration, and, in case of a motor nerve, by rapid atrophy of
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the muscle supplied and development of the "reaction of degeneration."

If physical continuity persists, the length of nerve fibres destroyed is

not great, and the nerve is relieved from all pressure of displaced frag-

ments, it is likely that in six to eight weeks sensation will return,

the muscles will react better to galvanism, and then to stimulation

of the nerve trunk above the lesion. If, in the course of four to six

months, no regeneration occurs, it may be concluded that there is

some obstacle to it, such as section and separate healing of the ends,

or a considerable length of scar tissue.

Diagnosis.—The distribution of the nerve affected ; the extent

to which its function is impaired ; the severity of the pain—con-

stant when the cause acts constantly, intermittent when it is due
to certain movements, active or passive ; whether function improves

and pain diminishes, or vice versd ; whether wasting of certain

muscles and reaction of degeneration appear early and progress

rapidly—these are the points upon which we endeavour to base a

conclusion as to the physical state of the nerve.

If movements are not performed as part of the treatment of

every fracture, it will often happen that loss of motion will not be
noticed till after union of the bones ; it will then be difficult to

decide whether the nerve lesion occurred early or late, whether
it was a primary contusion or a compression by callus. Electrical

examination is of no assistance : it will not tell whether a nerve is

divided or compressed—the axis cylinders being sound.

Ti'eatiaieaat.—Acute pain should lead to careful examination

and setting, under an anaesthetic if necessary. This failing to relieve,

the nerve should be exposed, freed from pressure or resected and
sutured if much damaged. With tetanus in view, much time should

not be wasted over anodynes. If no recovery of function occurs

in three to four months, the nerve should be exposed, resected,

and sutured. While awaiting recovery, galvanism two or three

times a week and massage should be used to prevent as far as

possible wasting of the muscles ; but if there is any sign of neuritis,

neither of these should be practised, at least near the injured nerve,

which then requires rest, moist warmth, and belladonna locally;

later, counter-irritation along its track.

DEFECTIVE UNION IN FRACTURE.

Delayed union.—In about one in eighty cases the average periods

(page 763) required for the union of various bones are markedly in-

sufficient—union is " delayed " for weeks, months, or even yeai's :

on removal of the hindrance, union occurs.

J. Hutchinson, junr., recently quoted a case of ununited

fracture of the radius, of four years' standing, in a syphilitic

patient ; without much hope of success, iodide of potassium was
exhibited, and bony union occurred. Presumably, a gumma had

been active during the period of non-union. This case is very

exceptional ; unless some cause of delayed union has evidently been
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acting all the time, we may feel sure that bony union will not
occur after a year. An anatomical examination much earlier than
this would often show that there was no chance of bony union.
In some cases callus forms slowly and in small quantity—either on
account of general depression or because the stimulus of the injury

has been slight, as in fissure of the skull : mobility remains, the

callus tumour is small or absent,

the ends of the fragments, if super- , ,

" '''

: \^
ficial, remain sharp and clear to > JaL

touch. In other cases the callus

tumour forms well, but does not

ossify firmly for weeks or months

:

on removal of splints more or less

mobility or excessive yielding is

noticed, and deformity ensues if the

limb be used.

Pseudarthrosis. — This is a

general term used to indicate the

permanent presence after a fracture

of abnormal mobility in the length

of a bone due to (1) fibrous union,

(2) non-union, or (3) false joint.

Pseudarthrosis occurs once in 200
to 250 cases ; at all periods of life,

even intra-uterine ; more often in

men than in women (5 "5 to i) ; it

is most common from 20 to 30
years, but common from 20 to 50

;

it is uncommon in childhood and
old age in proportion to the frac-

tures occurring. Fractures of the

humerus and femur yield an ex-

cessive number of delayed unions

and pseudarthroses, those of the

leg-bones about a normal, and those

of the fore-arm bones less than a

normal share.

1. Fibrous union is by far

the commonest variety. Callus

forms, but fibrous tissue with little bone develops from it. Ulti-

mately a long and loose, or short and dense fibrous bond unites the

fragments, the ends of which may be rounded off or rendered irre-

gular by bony stalactites ; displacement and mobility may be very

great or very slight, the utility and wasting of the part varying

inversely as the mobility.

2. Non-union is much less frequent. There is little or no
bond between the fragments ; they are widely separated by the in-

tervention of some mass of tissue (Fig. 228), or loss of substance in

Dne of two parallel bones has left a considerable gap, or the end of

/

Fig. 22S.—A longitudinal Section of an
oblique supra-condyloid Fracture of
the Femur. No union has occurred,
the upper fragment having pierced
the quadriceps tendon which is seen
between the two fragments above the
patella. (St. Bartholomew's Hospital
Museum.)
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one fragment touches only a sound surface on the other. Each
fragment is healed and rounded off. Mobility may be extreme ("flail-

joint ") ; and uselessness and atrophy of the bones are proportionate.

3. False joint is the rarest form. It probably develops from
a close fibrous union of a roughly transverse fracture. The new

joint is of the ball-and-socket type (Fig. 229),

one fragment being hollowed out, the other

rounded so as to fit ; the surfaces are smooth
and covered with dense fibrous tissue, fibro-

cartilage, or even hyaline cartilage ; a dense

fibrous capsule, fairly distinct from the sur-

rounding soft parts, holds the ends together,

and its smooth inner surface lined with flat-

tened endothelium secretes a synovial fluid.

The resemblance to a normal joint is close, and
is increased by liability to diseases of joints

—

as subacute synovitis and particularly rheuma-
toid arthritis, all the signs of which may be
found.

Causes of defective union.—This is a

difficult subject. Frequently no cause is dis-

coverable, the subjects seeming to be in perfect

health. Again, obstacles which in some cases

appear to be causes of non-union, in others

have no obvious effect—even though they are

well marked. The causes are general or local.

The general causes produce general

depression, and it is thought impair the bone-

forming function ; they are frequently present

without observable effect. Starvation, as many
observations on besieged troops show, often

delays union : so also does haemorrhage. Preg-

nancy and lactation have a very doubtful effect.

Acute febrile illnesses may delay union for

months, or cause absorption of callus formed
before their onset, as has been specially observed

in the case of pyaemia. Callender made the

interesting statement that he had never seen

delayed union in a child from scarlatina, nor

in any patient from erysipelas. Any chronic

wasting disease might be suspected as a cause.

Syphilis in its early stages has little or no

effect
;
possibly when producing cachexia it may act more strongly,

but gummatous infiltration of a bone is the most likely way for it to

exert its influence. Sometimes antisyphilitic treatment is efficacious

in bringing about union—again, it has no effect ; but this is hardly

an argument against the influence of syphilis ; for treatment directed

against clearly syphilitic lesions may be quickly successful in one

patient but without effect in another. Both syphilis and fracture

Fig. 220.—A false Joint

of the Ball-and-socket

Type. The two frag-

ments are held toge-

ther by a dense fibrous

capsule, the interior of

which is in parts fasci-

culated, and gives at-

tachment to clusters

of small pedunculated
bodies. Otherwise the

inner surface is smooth
and shining. The end
of the upper fragment
is slightly concave,
that of the lower con-

vex. (University Col-

lege Museum, No. 02.)
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are so common, that they must often coincide without evil result.

Scurvy in former days was looked upon as a cause of delayed
union or of absorption of young callus. Severe rickets often delays

union. Chronic Bright
1

s disease and diabetes have also been re-

garded in this light. Defective innervation is an alleged cause.

Ataxic fractures may unite feebly or not at all. Bognaud collected

six cases of paraplegia from fracture at or below the twelfth dorsal

vertebra, in which fractures of the leg bones failed to unite ; when
the spinal lesion was higher, he found that union occurred. But
objection may be taken to most, if not to all, of his cases of non-

union Many cases of good union in paralysed limbs may be adduced,

and callus formation is found to proceed better in limbs of animals

paralysed by section of their nerves than in normal limbs.

In a larger number of cases of pseudarthrosis, excellent health has

been noted, rendering it likely that local casases were to blame.

This becomes almost certain when in multiple fractures all but one
have united ; or when one of two parallel bones fails to unite.

From a collection of 400 cases, Bruns finds the following to have
been conditions unfavourable to union :

—

Great obliquity, with which
intervention of some tissue is likely, occurred frequently ; commi-
nution and double fracture comparatively rarely. Compound
fractures yielded proportionately twice as many pseudarthroses as

simple : primary resection of fragments or removal of splinters,

especially in the aged, predisposed to non-union, which was par-

ticularly frequent after removal of part of one of two parallel bones.

Extensive necrosis of the fragments sometimes prevented union, as

also, in the great majority of cases, did abscess of bone, hydatids, and
malignant new growths. Marked dislocation, separating the broken
surfaces, was a frequent cause. Intervention of muscle, tendon,

capsule, splinter, even nerve between the fragments, is regarded by
Bruns as frequent and as an absolute hindrance to union. Gurlt
thought that tissues so caught would atrophy rapidly ; but Bruns
says that in many cases a bundle of more or less wasted tissue has

been found after one to ten years. The large number of cases

occurring among sailors on the high seas, suggests strongly that

imperfect treatment allowing excessive mobility is a great cause, a

view which is supported by the fact that by daily movements kept

up for forty days or longer, permanent false joints have been estab-

lished in animals. Defective blood supply due to immediate and
absolute immobilisation and compression hj plaster may be respon-

sible now and again for non-union ; and the local use of cold may
similarly have exercised a prejudicial effect upon callus formation.

Ligature of the main artery of the part for arterial hsematoma
seems to have delayed union a few weeks in some cases—not in the

majority. Gueretin, Curling, and others have endeavoured to show
that fractures causing rupture of the nutrient artery of the shaft

were specially liable to pseudarthrosis ; but Gurlt's criticism of the

view after examination of many of the specimens adduced in favour

of it, strongly supports those who regard such a result as a priori
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unlikely. Callender stated that slow union often occurred in cases

of obstinate oedema from deep-seated venous thrombosis.

Diagnosis of defective union.—Both delayed union and
pseudarthrosis are characterised by mobility continuing at the seat

of fracture. Short lapse of time since the injury, only slight

mobility, pain induced by movements, the presence of a well-marked
cause of delayed union, and a history of crepitus having been

obtained just before or during reduction, are in favour of delayed

union rather than pseudarthrosis ; but time must often be allowed

to decide between them. The loss of this time is regrettable

when pseudarthrosis ultimately becomes clear ; for progressive

anaemia and atrophy of the limb are unfavourable to any opera-

tive treatment. These conditions are most marked in the young,

in whom impaired growth is added to atrophy, and the bones may
remain of almost infantile size : rarely is an operation successful

in such cases, and statistics show that in all cases the chance of

success diminishes with the duration of the pseudarthrosis.

As a rule, an ununited fracture of a long bone impairs the use-

fulness of the part greatly-—especially in the weight-bearing lower

limb. The impairment is least with a small ununited fragment
with a transverse fracture, short fibrous union, and steadying masses

of bony callus thrown out, or with only one of two parallel bones
affected. Cases occur now and again in which function is marvel-

lously preserved : those of great hypertrophy of the fibula to com-
pensate for loss of strength in the tibia are well known.

Treatment of defective union.—Any fault in the general

health should be removed, if possible : even though no fault be
found, it is right to place the patient before and during treatment

under conditions most conducive to health. In delayed union,
proper treatment of the fracture must be continued. The broken
ends must be brought into contact by extension if they overlap.

Absolute fixation is probably never indicated ; but splints, if used,

should be combined with regular massage, and such movements of

muscles as can be practised by the patient without causing displace-

ment ; with percussion of the fragments, covered with felt, with a

mallet—either lightly each day or more severely at a week's interval

(Thomas) ; with free counter-irritation with linimentum iodi ; with

manipulation of the seat of fracture by the surgeon sufficiently

forcible to excite decided tenderness or even to rupture any existing

union. With the lower limb it can generally be arranged that the

part shall be used whilst displacement is prevented by splints and
excessive weight is taken off by crutches, frequent friction, slight

irritation and affluxus being the result. Should these means not

induce bony union after patient trial, the case must be regarded as

one of pseudarthrosis.

In close fibrous union, even of some duration, bloodless

means, such as the above, should first be tried, for they have not

uncommonly induced ossification. But there is little hope of their

success in loose fibrous union, non-union, and false joint.
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Here the choice lies between resection of the pseudarthrosis and the
application of some apparatus to stiffen and support the damaged
part. Remarkably good results may be obtained with the aid of an
instrument maker. Thus assisted I have seen a man with fibrous

union of a fracture about the middle of the femur doing duty as a
carter on a farm ; and in the Transactions of the Literary Society

of Bombay for 1820 (vol. ii. p. 167) is recorded the case of an Arab
with an ununited fracture of the right humerus who, provided with a
silver tube which was clasped round the upper arm, pursued the

calling of a pirate, boarded ships, and used a sword with much
success.

As, however, antiseptics have robbed the operation of resection

of most of its dangers, it is certainly desirable to endeavour to

obtain for the patient a sound limb. The operation is never easy,

and may be most difficult. An incision is made of such length as

freely to expose the fracture, the position and direction of which
have been carefully determined by examination under the anaes-

thetic. The wound is so placed as to reach the fragments with least

injury to soft parts, and it is a great advantage when a skin-flap

can be raised—with its base at right angles to or parallel to the

long axis of the limb in different positions—and laid down at the

end of the operation as a complete cover to the deep wound. By
carrying the distal portion of the limb in a suitable direction, one
of the fragments is caused to project in or from the wound, any
uniting fibrous tissue being divided or cut away, and any mass of

intervening muscle, etc., being suitably dealt with.

It must now be decided how the ends shall be freshened—what
form will enable them to be most accurately fitted together. It is

desirable to bring into contact considerable surfaces of raw, bleeding-

bone—from which all trace of fibrous tissue has been removed—and
to raise and preserve all periosteum from such portions of the ends as

may be cut away. The ends may be cut at right angles to the shaft

;

one may be given a wedge-form and the other be grooved to match

;

both may be freshened and left oblique ; but if there be any tendency
to shortening, it is wise to cut them in " step-form," i.e. to cut

into each fragment at right angles to the axis for a sufficient depth,

where the broken surface joins the normal shaft, and to remove
the broken surface by another cut starting on the end of the frag-

ment and joining this. The end of each fragment must be cut

square so as to fit into the " step " thus formed upon the other, and
the fit must be accurate when all deformity is corrected.

Fresh, wide, well-fitting surfaces of bone having been pre-

pared, the ends are drilled at suitable spots with a long bradawl

of suitable size, or with a dental engine, which enables the

work to be done more easily and with less disturbance. Stout

silver wire is then passed through the holes, and Thomas' hollow

needle, or a cannula large enough to take the end of the wire, is

often useful in drawing it through from the deep surface. Two
stitches are generally enough ; they are drawn tight when both are
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passed, twisted, cut short, and hammered down. Some prefer pegs

of ivory or hard bone driven through both fragments, silvered or

nickeled screws, or an ivory rod fixed in the medullary canal of each

fragment. The limb being now most carefully held, the periosteum

is sutured round the junction, and the wound closed or drained for

a short time. The further treatment is that of a compound fracture.

Occasionally circumstances will suggest a special treatment of

the bones : thus, an atrophied distal fragment has been thrust into

the medullary canal of the proximal fragment ; in one case, where
a gap of 8i cm. existed in the tibia, Hahn divided the fibula and
thrust the lower fragment into the medullary canal of the upper tibial

fragment, obtaining in nine months solid union and a useful limb.

But a gap in one of two parallel bones has generally been ob-

viated, either by cutting out a section of the other and shortening

the limb, or by grafting bone into the gap. Thus, Nussbaum split

off from the larger fragment, previously irritated by nails driven into

it, a piece covered with periosteum and hinged towards the gap, long

enough when twisted down to more than fill the interval. He suc-

ceeded in two ulnar defects. Macewen's case of building up 1 1 cm.

of the shaft of a humerus, lost by total necrosis, with fragments of

bone and periosteum cut out of rickety limbs is well-known. Volk-

mann cured a pseudarthrosis in a child's thigh by thrusting into the

medullary canal of each fragment a splinter of bone which he had
just chipped from the sheath of new bone in a case of sequestrotomy;

a bit of dead bone or ivory might have done as well.

Even after this treatment the number of cures amounts only

to 50 or 60 per cent., and there is reason to fear that the

cures were slightly more frequent in septic than in aseptic cases
;

but the deaths and amputations in the septic cases have been

by far the more numerous. Most of the deaths have occurred

in thigh cases. It is probable that much better results would be

shown by some surgeons than by others, for the skill and deter

mination necessary to treat well a pseudarthrosis of the femur are

of no mean order ; it can be foretold of many cases as they leave

the table, that they are not at all likely to unite.

CHANGES AFTER UNION AND VICIOUS UNION.

Softening1 and absorption of callus may occur under the

influence of depressing diseases during the healing of fractures

(page 792). Rarely, under similar influences, softening and more
or less complete absorption have occurred weeks, months, or even
a year after firm union has taken place. Scurvy appears to have
been the commonest cause of this, then the acute exanthemata.

Inflammatory processes in the limb, especially severe erysipelas,

have also induced softening (probably inflammatory) of recent

callus. These have almost always occurred in compound fractures

with sequestra, bullets, or other foreign bodies retained. Very
rarely an inflammatory process has arisen about a united simple
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fracture causing softening of the uniting material : in Thiersch's
case, four small sequestra Avere found between the granulating ends
of the tibia and were regarded as splinters which had died and
caused irritation.

Repeated fracture.—Violence will, of course, refracture a
bone; but when soundly united, the second fracture generally occurs at
a spot other than that at which the first took
place. But cases are not very rare in which,
from slight strain, bending or refracture has
resulted at the seat of a previous fracture.

Often the patient has got about too soon, has
been too rash, or has had another fall—espe-

cially likely when learning to use crutches ; or
he has occasionally made a strong effort to

save himself from falling, and muscular action

has been responsible. The accident is the
more likely, the more recent the callus and the
less perfect the contact between the fragments
— displacement necessarily leading to weak
union. The great majority of the cases have
occurred in the lower limb, and generally soon
after removal of the splints; but a few have
been recorded as late as one to three years. In
a few cases also a bone has yielded at the same
spot several (6 or 7) times in the course of a
couple of years.

Callus is not always equally strong after

the period given as the average for union. An
over-average time should be given in patients

in feeble health, also in severe injuries— com-
minuted fractures, compound fractures, even
though the course has been aseptic, fractures

complicated by difficulties in vascular supply
and those in which vicious union occurs. Care-

ful examination and testing of the bone should

be made before permitting use of the limb;
caution should be enjoined in beginning its use,

crutches should always have rubber shoes, and
assistance should be given till their use is learnt.

Refractures seem to unite well—those occurring

early in less than the usual time; the frequently recurring unite

firmly after a prolonged rest.

Exuberant callus.—The free formation of callus about a com-

minuted fracture, or one uniting with much displacement, is not ex-

cessive ; it is necessary to bind the fragments together (Fig. 218).

But sometimes callus forms out of proportion to the needs of the

case or to the obvious irritation, forming irregular, sharp or rounded

masses, extending more or less widely into the surrounding tissues,

and perhaps causing symptoms by pressing on nerves, etc. It does

m

Fig. 230.—Radius re-

paired after Fracture
about its Middle ; cal-

lus has formed in large
amount, has bridged
across the interosseous
space, and has formed
a false joint with the
shaft ofthe ulna. (Uni-
versity Coll. Museum,
No. 210 a.)
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not, like the ultimately unnecessary portions of healthy callus, become
absorbed. This callus luxurians, like spurious cheloid in superficial

scars, may occur in any bone, but is most common about the joint-

ends of long bones, and especially the upper end of the femur. The
bony masses thrown out interfere with the movements of the joints,

and may absolutely fix them by extending from bone to bone

—

e.g.

the masses on the femur irritating the hip-bone till new bone is

formed upon its surface with which they blend. No true ankylosis

occurs. Again, exuberant callus occasionally joins together two
parallel bones (Fig. 315), even when only one is fractured. This is

of importance only in the fore-arm, where it may destroy pronation

and supination ; but some mobility may be preserved by the for-

mation of a false joint between the callus and the second bone
(Fig. 230).

Treatment.—Removal of the mass causing trouble, or excision

of the joint in suitable cases.

Tumours Of callus.—New growths occurring at seats of fracture,

either recent or old, are very rare. To get a very moderate number
together, statisticians have been forced to include cases of tumour
appearing years after the injury. Two points of interest have
prompted the inquiry—(1) a fracture induces the formation of a

mass of embryonic tissue (callus) in place of the relatively quiescent

cells of the bone and periosteum : is it not likely that this mass will

sometimes grow uncontrollably and develop into a tumour 1 Such a

question can arise only in connection with recent callus. (2) Irritation

is often given as a cause of tumour : may not the irritation of a fracture

lead to the formation of a new growth 1 From this point of view, old

callus might possibly be regarded as scar tissue; but the chief

interest lies again in cases of tumour developing in close time-

relation with a fracture. But in no case does the close relationship

of time and place between the tumour and the fracture prove

anything ; the cases are so rare that the occurrence of an ordinary

fracture at or close to a point of bone in which a tumour in its

earliest stage was present may equally well be assumed. In the

later cases there must always be room for doubt as to the exact

point of origin of a growth—from callus or adjacent bone—and as

to the existence of any causal connection between the old injury and
the tumour.

Varieties.—B. Pollard reported the case of a girl of five whose
leg was amputated by Marcus Beck for supposed sarcoma of the

tibia. At one year she had fallen, and was unable to use the leg

for two weeks (fracture ?) ; at two-and-a-half years the leg began to

swell and curve. On section a large mass, having the structure of

callus, occupied the central portion of the tibia, and a smaller

similar tumour, quite distinct, lay on the fibula. Pollard regarded

the case as probably one of hypertrophy of callus, but several points

are doubtful. A few enchondromata developing six months to

several years after a fracture, apparently at its seat, are on record
;

some reached an enormous size. Some which became generalised
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should be included under sarcomata. A good many cases of sarcoma,

occurring in more or less close relation to a fracture, have been re-

corded by Paget, Barwell, Cripps, Folker, and others. Not strictly

connected with callus is the osteoma fracturm of Virchow. A piece

of bone, generally a growing epiphysis (head of femur or of humerus,
tuber ischii), has been broken off, and has grown into a consider-

able mass, sometimes requiring removal. After fracture of the

patella, similar growth of a fragment has several times been noticed.

Vicious union.—Vicious union, or union with marked displace-

ment, may be due either to non-reduction of the primary or to the

occurrence of secondary displacement. It may be the result of ignor-

ance or neglect on the part of the surgeon, and heavy damages for

malpractice have often been awarded in these cases. But frequently

the surgeon is in no way to blame. Excessive, early and long-

lasting swelling or thick fleshy covering may prevent the discovery

of the real nature of an injury. The fragment separated, say from
the head of a radius, may be small and inaccessible, or it may be
impossible for the fingers to seize, or for any apparatus to control

a fragment, though large, of the pelvis, malar, or sternum. To leave

unreduced deformity due to impaction may be the best treatment in

certain cases. A bone may be so crushed that it is impossible to

restore its form. A long bone may be so comminuted that, extended
to its proper length its fragments would not touch. Irregularity

of line of fracture may prevent accurate fitting together of fragments.

Wounds and sores may render the control of a part extremely
difficult ', as also may disobedience, delirium tremens, or mania.

In many cases vicious union is of little consequence, in others it

greatly impairs the value of a limb

—

e.g. union of a femur with
great shortening or marked rotation out of its lower end into the

position shown in Fig. 282, persistent displacement of the foot (Fig.

231), angular union or synostosis of the fore-arm bones.

Treatment.—The only radical treatment of vicious union is that

by refracture and resetting. When seen early, and especially in the

young, the hands often suffice to straighten a bent bone. Later, it

becomes a question whether an attempt to produce a subcutaneous
fracture with an osteoclast shall be made, or whether the bone shall

be divided through an open wound with mallet and chisel or sawr
.

The osteoclast (of which there are many forms) seems to have been

used of late more frequently than formerly, the fear that it would
cause sloughing of soft parts and break the bone at some improper

point having only slight foundation. At least, in tolerably recent

cases (six to twelve months) of angular and rotatory deformity it

may be used. But for complicated deformities—displacements of

the foot at the ankle (Figs. 231, 232), synostosis or angular union of

the fore-arm bones, ill-united fragments of joint ends, and so forth

—the knife, chisel, and mallet must be used. It is impossible to

describe such operations, they must be planned for each case. They
are always difficult, and depend upon asepsis for their success, if not

for their justifiability. The bones should be fixed in their new
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Fig. 231.—The Feet of a Man who had, sometime previ-

ously, sustained a Pott's Fracture with Displacement

outwards of the Foot on the left side (Watson Cheyne.)

upon the out-

stretched hand or

on the shoulder

;

direct violence, es-

peciallybeing driven

over, in a small

number of cases,

including most com-

pound or compli-

cated cases ; muscu-

lar action in a few

instances. Intra-

uterine fractures

from external vio-

lence, and others

from manipulations

during birth have

occurred.

The clavicle is a

spanner between the

sternum and scapula;

its outer freely

movable end, from

position by sutures,

pegs, or screws, and
suitable apparatus.

FRACTURES OF IN-
DIVIDUAL BONES.

Fractures of the
clavicle. — Fractures

of the clavicle consti-

tute fifteen to sixteen

per cent, of all frac-

tures, those of the

radius only being more
frequent. More than

one-third of the cases

occur in children under

five years—many of the

fractures being incom-

plete ; among adults,

the injury is much
commoner among men
than women.

Causes.—Usually

indirect violence—falls

Fi°- 232.—Shows the Result of an Operation for Replacement

of the left Foot. (Watson Cheyne.
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which the arm is hung, is supported by muscles, whilst the inner
is firmly bound to the sternum ; these points explain the deformity
in fractures. Usually the bone breaks at its weakest point outside
the middle at the meeting of the two curves, but it may give way
in the outer or inner third.

Symptoms. Middle third.—When the bone is completely
broken in this region, the line of fracture is generally oblique, from
without, backwards, and inwards (Fig. 233). The patient generally
inclines the head towards the injury, and supports the elbow with the
hand of the opposite side. The injured shoulder is lower than the

Fig. 23G,

Fig. 233. Fig. 235.

Fig. 233.—A right Clavicle repaired after Fracture with some Comminution in the Middle
Third ; all the fragments are set in a large oval mass of callus. The deformity due to
falling back of tlie outer fragment is unusual.

Fig. 234.—A right Clavicle repaired after Fracture outside the rhomboid Ligament : the
outer fragment remains displaced forwards, inwards, and somewhat downwards.

Fig. 235.—A left Clavicle repaired after Fracture just internal to the Ligaments ; the outer
fragment is displaced downwards, forwards, and inwards ; rotation was probably corrected
by treatment.

Fig. 236.—A right Clavicle repaired after Fracture between the Ligaments ; the outer fragment
is still bent sharply forwards. (University College Museum, Nos. ISO, 181, 182, 183.)

sound, is nearer the mid-line, and is rotated so that its outer surface

looks more or less forwards. Often, especially when the fracture is at

or internal to the middle, the skin is stretched over a bony prominence
—the outer end of the inner fragment. Unless the amount of im-

mediate swelling is unusual, some deformity is readily felt, and the

usual signs of fracture are present. Measurement shows the injured

clavicle to be shorter than its fellow—even by 1 to 1 J inch; and,

though it may not be felt, it will be clear in most cases that the

outer fragment is lying with its inner end pointing inwards, back-

wards, and upwards below the prominent outer end of the inner

fragment, perhaps pushing it upwards and forwards; otherwise

its prominence must be due to tension of the skin over it from
dropping of the arm, for though contractions of the sterno-mastoid

will raise it temporarily, it is doubtful if the muscle will keep it

raised.

If the fracture be transverse and the fragments locked, or incom-

plete, the bone presents an angle backwards, and perhaps upwards,

A A
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with a corresponding hollow on the anterior surface, which can be

readily increased, but removal of the angular deformity requires some
force. In greenstick fractures crepitus may be slight or absent, and
so may be the deformity. Such fractures are limited to posterior

fissures (Fig. 237), after the infliction of which the bone springs back
to or towards its normal form: but localised "fracture-pain" and
tenderness are present with more or less impairment of movement,
and in a few days a callus tumour appears. To detect such cases

digital examination of the whole length of the bone must be very

careful.

In the rare double, multiple, and comminuted fractures of the

clavicle, deformity is great, and the intermediate fragments are

much displaced.

Outer third.—Fractures here are often transverse ; they are

divided according as they lie between (Fig. 236) the coraco-clavicular

ligaments (inter-

ligamentous) or

external to them
(extra - ligamen-

tous). In all, the

coraco - clavicular

ligaments con-
Fig. 237.—Greenstick Fracture of the Clavicle from a Child aged tinue to slin"1 the

5 years. The fracture is situate at the junction of the outer . ,
s

and middle thirds ; the posterior lamellae are broken trans- COracOlCl process
versely the anterior merely bent. A long fissure runs in- an(J arm from the
wards from the fracture, a short oue outwards. (St. George s

Hospital, Series I. 76.) (Pick.) inner fragment, so

that the outer

fragment is not so much depressed by the weight of the arm as it

may be in the previous group. The deformity depends largely upon
the intensity of the original violence. In the fairly inter-ligamentous

cases, from slight or moderate violence, the fragments remain closely

connected by the ligaments, trapezius, and deltoid, and often become
interlocked, so that little deformity may result. Usually the shouldei

rolls forwards and drops a little, so that the outer fragment slopes out-

wards, downwards, and abnormally forwards from the line of fracture.

In extra-ligamentous cases the fragments are more loosely connected
;

the scapula swings forwards, turning on the coraco-clavicular liga-

ments, until the short outer fragment may lie at right angles to the

inner ; the scapula also falls inwards, lowering the thin outer fragment
till it may become disengaged from the inner. Then a striking

resemblance to a dislocation of the clavicle on to the acromion is pro-

duced, the inner fragment standing out prominently half an inch or

more above the outer fragment and acromion. Error is prevented

by noting the form and Roughness of the prominence, by the dis-

covery of the outer fragment, and by the crepitus accompanying
reduction.

Inner third.—Fractures in this region are quite unusual, but

several of those from muscular violence have been situate here.

The line of fracture is very variable
;
perhaps the commonest is that
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shown in Fig. 234, with the outer fragment displaced in front of and
below the inner, which may be pushed up by it and pulled up by the
sterno-mastoid ; the pectoral muscle tending to draw the outer frag-

ment towards the humerus.
Separation of the sternal epiphysis.—Few clear cases are recorded

of separation of this thin plate of cartilage, which ossifies at 17
to 18 and joins at 25. When the injury occurs the inner end
of the clavicle appears too prominent, as if dislocated forwards.

The main points in the diagnosis are : the age of the patient, the

position of the lesion, the sharpness and irregularity of the inner

end of the shaft, and the presence of the thin epiphysial, plate still

bounding the pre-sternal fossa. In two out of four cases muscular
action was the cause assigned.

Complications of fractures of the clavicle.—Fractures

of the clavicle are very rarely compound or complicated, even from
direct violence other than gunshot ; in which case, it is the bullet

rather than the fracture that does the mischief.

C. Heath recorded a case of " aneurysm " of the subclavian artery

appearing within a month after fracture of the clavicle ; the post-

mortem seemed to point to a spiculum of callus on the clavicle as

the cause of the injury to the artery. Dupuytren, in a lecture, said

he had seen two or three cases of " aneurysm " following these

fractures ; but it is impossible clinically to eliminate simultaneous

fracture of th6 tirst rib.

The great veins have in a few cases been injured, and a hematoma
of great size has rapidly developed. In one instance the extravasa-

tion extended from the cheek to the fingers, with slight pulsation

and systolic bruit in the supraclavicular region ; the limb became
paralysed, and the radial pulse was lost, but reappeared on the

second day, when increasing tension of the skin caused Manoury
to incise above the clavicle, compress the vein, and turn out the

clots ; the patient died of entry of air into the subclavian vein,

which was torn almost across, the plexus being merely infiltrated.

In Sir Robert Peel's case the swelling was similar, but less extensive.

Peel died of concomitant injuries, but recovery has resulted in cases

treated with evaporating lotion or gentle elastic pressure calculated

to limit the extravasation.

If forced to operate, the first incisions should give the freest

access—the gap between the bones being utilised ; and circulation

in the limb below the axilla should be arrested.

Erichsen amuptated at the shoulder for gangrene, apparently clue

to compression of the subclavian vein by a fragment of clavicle ; and
Annandale cut down and removed a depressed fragment which he

thought was acting similarly. In the St. .George's Hospital Museum
is a specimen showing the internal jugular vein wounded by a

splinter ; the patient had both clavicles and sternum broken by a

falling bough, and died immediately.

There are several cases of injury to the brachial plexus recorded :

in some J. Hutchinson, senr., has noted hypersemia and sometimes

A a 2
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sweating of the same side of the head and neck, with a rise of 2° to

3° F. ; injection of the conjunctiva and lachrymation, flattening of the

cornea from diminished intraocular tension, contracted pupil and

ptosis—phenomena obviously associated with injury of the sym-

pathetic nerve in the neck. Slight exertion sometimes brought out

the above symptoms, or the contracted pupil and narrowed palpe-

bral fissure might alone be present.

Emphysema from wound of the lung has sometimes occurred

with fractured clavicle, and become very extensive.

Treatment of fractures of the clavicle.—The bandages
and splints for fractured clavicle

are very numerous. The most
generally useful is Sayre's strap-

ping. Two strips of plaster, as

wide as the patient's hand and
long enough to go once and a half

round the body, are applied as

shown in Figs. 238 and 239. The
first strap is pinned round the

upper arm as high as possible,

non-adhesive surface towards the

skin, which is guarded by a strip

of boric lint. The surgeon draws
both shoulders fully back, and an
assistant carries the heated or

turpentined strap round the

chest. This strap fixes the shoul-

der and elbow well back in the

position given by the hand of the

surgeon. The second strap starts

below the sound collar bone,

crosses the junction of neck and
shoulder (the skin being guarded
by boric lint or by a bit of

moulded guttapercha) and the back obliquely to the point of the elbow,
is then carried upwards along the extensor surface of the fore-arm,
rather towards its ulnar side, to the neck, which it crosses, and ends
over the scapula. This strap draws the elbow forwards (thus throwing
the shoulder and outer fragment still farther back—the loop acting as
fulcrum) and pushes the shoulder up till the outer fragment is on a
level with the inner. With an adult the hand may often be left

free, supported by a loop of strapping round the wrist, the long end
of the loop being carried over the inner fragment (which it tends to
depress) to the scapula. No hole should be cut for the olecranon

;

no strap should pass outside the arm on the injured side ; the second
strap should cross the neck exactly where it tends to remain natur-
ally. The axilla and fold of the elbow should be well dusted with
boric powder, or greased with boric ointment ; a piece of boric lint

should be placed between the palm and the chest.

Fig. 238.—Sayre's Strapping. Application of
lirst strap while the shoulders are well
drawn back.
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The above directions should not be carried out in a routine
manner, but so as to correct whatever deformity is present. With
good strapping there is little tendency to slip or stretch ; the
bandage is fairly enduring, and even a child has difficulty in wrig-

gling out of it. The deformity of a greenstick fracture often dis-

appears under its use. It fails, however, in complete fractures to

draw the outer fragment sufficiently from the mid-line, and shorten-

ing of the bone remains. Nothing but an axillary pad will obviate

this. It is wedge-shaped, 6 in.

long, 5 in. wide, and 3 in. thick

at the base, which is rounded
and turned towards the axilla,

where it is fixed by a padded strap

over the opposite shoulder ; the

cushion is best stuffed with horse-

hair ; or, less firmly, with bran.

The elbow is brought to the side

by a turn of strapping or ban-

dage, and raised by a sling taking

the whole length of the fore-arm.

Even a hair cushion may cause

unbearable pressure on nerves ; or

oedema or evengangrenefrom pres-

sure on vessels. If a pad be used,

therefore, it must be well watched.

In slight cases without defor-

mity, a sling supporting the elbow
is sufficient. Where it is impor-

tant to reduce deformity to a
minimum, in fracture of both
clavicles, in badly comminuted
fractures, and in some compli- pjg

cated cases, the patients should

be kept in bed, lying flat on the

back with only a neck pillow. The arm can be well fixed by a loop

of strapping below the axilla, passing round the back to the front,

and by another above the elbow going in the opposite direction ; in

double fractures these straps should pass from arm to arm. Cham-
pionniere employs massage : he thinks, with advantage.

Non-union is very rare, and, as a rule, impairs function but
little. The coraco-clavicular ligaments have ossified after injury,

and masses of callus have connected the clavicle with the first rib

—

impairing movement more or less.

Fractures Of the Scapula.—These contribute about 0-8 per

cent, to the total list of fractures. They are commonly due to

direct violence, and are far more frequent in men than in women,
in adults than in children. Fractures may affect—(1) the blade

and spine
; (2) the acromion

; (3) the coracoid
; (4) the surgical neck

;

and (5) the glenoid fossa.

. 239.—Sayre's Strapping. Application of
second strap so as to raise and carry for-

wards the elbow, and fix the hand.
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(1) The blade may be smashed by fissures running through it

in all directions (Fig. 240) ; but limited injuries are more usual,

especially a fissure running horizontally below the spine (Fig. 244).
A similar fissure may cross the supra -spinous fossa, and sometimes a
vertical one (Fig. 241) near the vertebral edge has been met with;
farther out the dense spine is an obstacle to such fissures. A few
cases, but no specimens, in which the spine was thought to have
been broken from the blade have been recorded.

These fractures are detected and localised—by evidence of injury
to the part ; by crepitus on moving the arm and scapula, actively or
passively, whilst a hand is kept flat over the scapula ; and by dis-

covering mobility between points which can be seized like the

Fig. 240.—A Smash of the Scapula
detaching and displacing a Portion
of the Spine. (St. George's Museum,
Series I. 83.) (Pick.)

Fig. 241.—A vertical Fissure, with
comminution in the supra-spinous
Fossa. (Ibid. 84.) (Pick.)

inferior or superior angle or the spine. As a rule the fragments are

little displaced, but in fractures below the spine the lower fragment
is usually drawn forwards and upwards by the teres and latissimus

dorsi muscles (Fig. 242). Union with little callus occurs, A sling

for the arm is often sufficient treatment ; a piece of strapping with

three tails, carried one over the shoulder to the front, the other two
round the chest, is sometimes used to press and fix the scapula against

the thorax. Massage should be practised, and the arm set free as

soon as doing so causes neither displacement nor pain.

(2) The acromion for surgical purposes extends to the external

border of the spine ; the acromial epiphysis is very variable, but is

always smaller than the segment of bone just indicated. It ossifies

from two or three centres at sixteen, and joins at twenty-five. Gene-

rally broken by direct violence (blows and falls upon the shoulder),

it may yield before the humerus driven against it ; muscular action

has proved a very rare cause. Small fragments may be broken from

the tip and outer edge with little deformity ; less often the cleft lies
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more or less mesial to the acromio-clavicular joint (Fig. 243), and
it would lie here should the epiphysis separate.

The signs of the injury are—flattening of the shoulder ; difficulty

in abduction ; irregularity on the subcutaneous surface ; removal
of the deformity on pushing up the humerus, mobility of the

fragment, and perhaps crepitus.

The usual treatment is a figure-of-8 bandage under the elbow,

crossing on the shoulder, and under the axilla on the opposite side,

applied so as to raise the humerus. Better than this is Sayre's

strapping (Figs. 238, 239), no backward traction being made, and the
" first " sti"ap being applied after the " second," and over all. Union
is usually fibrous, but the result is good. It would be easy to wire

242.—A Scapula repaired after such a Fracture as is shown in Fig. 244. The lower frag-
ment has been drawn forwards by the teres muscles, and lies rather behind the upper.
Little callus has formed, and there is a small gap in the line of union at one or two spots.

Fig. 243.—A Scapula showing : (1) A fra-eture of the acromion near the spine ; (2) a lissure
separating the whole coracoid process with the upper end of the glenoid fossa and a bit
of the upper edge of the blade

; (3) a fissure running from the above into the blade.
Fig. 244.—A Scapula recently fractured transversely below the Spine.

the fragments, but, unless the arm were kept abducted for a month,
the result would probably be no better. Several specimens without
histories have been shown of separation on both sides of a part of

this process, with no irregularity or sign of callus, and a plate of

"what looked like cartilage" intervening. These specimens may have
been due to injury, but were probably examples of non-union of the

epiphysis. No certain cases of separation of the epiphysis are known.

(3) The eoa'acoM process is so well protected that it is very

rarely broken. The tip has been torn off by muscular action

—

e.g. in

wringing—but otherwise direct violence has been the cause, both of

this fracture (Fig. 245) and of that through the base of the process

into the glenoid fossa (Fig. 243). Separation of the process by
direct violence has occurred before its junction with the blade at

puberty. The diagnosis is difficult. The most important points are
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the detection of mobility or crepitus on pressing on the tip of the

coracoid, and the discovery in this neighbourhood of a displaced

fragment. Usually the dense fibrous tissue round about prevents the

muscles attached to the tip from dragging the fragment far. Action

of these muscles should be specially painful. Serious complications,

in the way of injuries to neighbouring bones and soft parts, must be

expected. A sling till pain subsides is the best treatment. Union
is fibrous in fractures of the tip (Fig. 245).

(4) The surgical neck is the seat of a very rare fracture from

direct violence. The fragment consists of the glenoid fossa and
coracoid process with the

pectoralis minor, coraco-

brachialis, both heads of

the biceps, and more or less

of the long head of the

triceps attached to it. It

will drop down and in

—

under the influence of the

weight of the limb, and of

the muscles of the axillary

folds—as far as the coraco-

clavicular ligaments and
soft parts around the frac-

ture will allow. The signs

are said to be—flattening

of the shoulder, tension of

Fig. 245.—Fracture of the Tip of the left Coracoid the deltoid, prominence of
Process; union by a fibrous band £ in. long. +^p anrnm i nT1 onrn p Ipno-tli
Partofthecoraco-aeromial ligament, the coraco-

ul~ dolomlon
>
some lengDll-

brachialis and biceps, and the pectoralis minor, ening of the arm, change in
K position or the tip of the

coracoid process, mobility

of the process, and crepitus when it and the head of the humerus are

grasped and moved, whilst the scapula is fixed by the other hand

;

presence of a mass high in the axilla, in which the fragment
may sometimes be distinguished from the head of the humerus

;

the elbow lies against the side. Upward pressure on the elbow
remedies the deformity easily, but it recurs immediately the support

is removed, points which, with crepitus, distinguish the accident

from a dislocation. Perfect movement of the head with the

shaft eliminates fracture of the neck of the humerus. If, as in

one of Sir A. Cooper's cases, a fracture of the clavicle outside the

ligaments is also present, the lengthening of the arm (measured

from the acromial angle), due to falling of the inner fragment of

the collar bone under the weight of the limb suspended from it, is

considerable ; the acromial fragment in Cooper's case over-rode

the internal. It is not quite clear why lengthening should occur

from fracture of the neck of the scapula
;
possibly the statement

is made on the authority of Cooper's admirably described, but com-
plicated case.

are attached to the fragment. No history,

versity College Museum, No. 1S6a.)
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There does not appear to be any specimen of fracture of the

anatomical neck—immediately mesial to the glenoid fossa.

Treatment.—Sayre's strapping applied as for fractured clavicle

would probably meet all requirements—raising the fragment and
drawing it out and back. Cooper recommended a figure-of-8 bandage
round the shoulders, crossing behind, together with an axillary pad,

a bandage fixing the elbow to the side, and a sling supporting the

whole fore-arm. He says that a good result should be obtained in

seven weeks. Fibrous union has occurred, once with a useful, once
with a useless limb.

(5) Fractures of the glenoid fossa are also rare. They include

such injuries other than fracture at the base of the coracoid, as the

chipping off of smaller or larger portions of the glenoid surface and
head of the scapula. The majority occur in connection with disloca-

tions, and are unrecognised unless unprovoked recurrent displacement

suggests such a complication ; for the fragment is small, deeply

situate, and unlikely to yield crepitus. But the glenoid fossa may be
" starred," or considerable pieces of the head of the scapula

—

e.g. the

lower half, as in Spence's case—may be broken off by direct violence

without dislocation of the head. Here the fragment might be felt,

and deep crepitus obtained by manipulations in the axilla, and by
pushing up the dropped head. The coracoid process is firm. Sayre's

strapping will form the treatment ; or a sling may suffice.

Fractures Of the humerus.—These constitute 7-5 per cent,

of all fractures. They diminish in frequency with each decennium.

In the first, fractures of the lower extremity predominate over

fractures of the shaft, and fractures of the upper end are few
;

from 10 to 20 years of age the same order holds, but the differ-

ences are less marked, injuries of the upper end being much more
common. Injuries of the lower end now rapidly fall off, and dis-

appear in the highest periods ; but those of the upper end increase

relatively to those of the shaft, until, in advanced age, they become
the commonest fracture of the bone.

Fractures of the upper end of the humerus.—The typical

fractures of the upper end may be classified according as they affect

:

(1) the head
; (2) the tuberosities

; (3) the anatomical neck
; (4) the

epiphysial line
; (5) the surgical neck.

(1) The head.—Fissures of, and the chipping off of bits from

the head are very rare, and probably unrecognisable during life.

Massage and a sling form the treatment.

(2) The taherosities are rarely fractured—the lesser very

rarely, and always in connection with dislocation. Greater tuberosity.

—Fracture is generally associated with inward dislocation ; it accom-

panies impacted fractures of the anatomical neck. Direct violence,

and, very rarely, muscular violence have detached the process without

other injury. The tuberosity is driven or dragged up and back
beneath the acromion (Fig. 246), and there is nothing to depress it.

Signs.—The shoulder is swollen and tender, especially on the outer

side ; it is said that in complete detachment of the process the head

A A*
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of the bone falls and is drawn inwards. Through a thin covering a

groove may be felt between the process and its former site, and
crepitus will be detected on pressing upon the fragment, while ab-

ducting and rotating the shaft; voluntary abduction (deltoid) is pos-

sible, but rotation out (infra-spinatus and teres minor) is impossible.

Treatment.—The best result will be given by keeping the arm
abducted on a Middledorpf's triangle or a large cushion ; or by
pinning the process in position. Union, if it occurs, is bony.

(3) "The siaia.toinicn.1 neck.—A fracture separating the head
from the tuberosities is rare, and appears to be always due to direct

violence, e.g.. heavy falls upon the shoulder, generally in people

beyond mid-life. The separated head may remain loose within the

capsule, displaced in

any direction with

regard to the shaft

:

it may even be rotated

so that its cartilage-

covered surface rests

against the broken
surface of the shaft.

The head may be im-

pacted into the upper
end of the shaft, split-

ting it and separating

from it one or both
tuberosities—though
all are generally held

together by capsule

and tendons. Lastly,

the head may be dis-

located downwards,
or downwards and in-

wards, through a rent

in the capsule into the

axilla • here it may be

found in front of the axillary edge of the scapula, as low as the

third rib, or near the coracoid process, free or, in old cases, fixed by

bone to neighbouring bone
;
perhaps it may be eroded even to dis-

appearance (Fig. 247).

Signs.—If swelling does not obscure it, there will probably be

some flattening, posteriorly and externally, with proportionate

prominence of the acromion and tension of the deltoid (these signs

are best marked when the head is dislocated) ; the humerus hangs

vertical, and the elbow is close to the side. It is said that there may
be slight lengthening from failure of injured muscles to hold up the

bone ; otherwise, displacement upwards (-i in. or less) and inwards

may be expected from the action of the longitudinal muscles and of

the rotators and adductors, aided by the original violence. Movement
in all directions is free, but very painful, and is often accompanied

Fig. 246.—Fracture of the great Tuberosity of the Humerus
from direct violence ; the supra- and infra-spinatus and teres
minor are attached to the fragment. The capsule of the
shoulder is sound below. (University College Museum,
No. 192.)
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by crepitus if the surfaces are in contact and free, or if the tuber-

osities are split off. The fingers cannot be pressed in beneath the
acromion to any considerable extent, nor is there any prominence
in the axilla or beneath the pectorals unless the head has escaped
from the capsule ; then it is felt in its abnormal situation, is movable
under the fingers, but not with the shaft, emptiness of the glenoid
fossa becomes evident, and shortening may increase to one inch.

The brachial plexus may be severely contused in this accident.

With firm impaction the deformity at the upper end of the bone
and its superficial consequences

are to be relied upon ; there may
be slight crepitus from small

splinters.

J. Hutchinson, noted that in

cases of slight, oi'no impaction,

shortening sometimes increased

during the first weeks, owing to

muscular action, the head being

forced down and in as the shaft

rose ; such cases, two or three

months after the accident, have
been taken, he says, for unre-

duced dislocations, and treated

accordingly.

Treatment.—The application

of a shoulder cap, with such ex-

tension as may be necessary to

overcome shortening, meets the

requirements of most cases when
swelling is subsiding : till then

the limb may lie on a pillow with

weight-extension applied. A dis-

located head may be reduced by
digital pressure, with the possi-

bility that it will assume a faulty

position, and the probability that

it will not unite ; or it may be

left, very likely to interfere with movement ; or it may be removed

after a few days, which seems the best course.

4. Separation of the upper epiphysis.—Ossifying from

two or three centres which are separated by violence only with

extreme rarity, this epiphysis becomes one bone after the sixth

year, forms a sort of cap to the pyramidal top of the shaft, and

usually unites at twenty to twenty-one. To it the capsule is almost

entirely attached, and it receives the insertions of the subscapularis,

supra,- and infra-spinatus, and teres minor. These connections with

the glenoid fossa are almost always stronger than the epiphysial disc,

and consequently before 20 separation of this epiphysis replaces dis-

location—not 1 per cent, of dislocations of the shoulder occurring

A a* 2

Fig. 247.—A Humerus
of which the Head is

absent, probably
from fracture at the
anatomical neck.
The inner surface of

the tuberosities is

concave and covered
with dense bone, so
as to fit on the arti-

cular surface pre-
sented by the head
of the scapula. This is long and concave
from above down, narrow and convex
from before back. The bones are strong.

(University College Museum, No. 193a and
193b.)
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under twenty. Separation of the epiphysis does not necessarily

open the shoulder joint.

Causes : Traction on the arm during labour, sudden pulls in

and out to save children from falling, falls on the elbow or hand,

and direct violence to the shoulder.

Signs.—There may be no displacement

—

especially in the young—the periosteum being

untorn ; unless slight mobility or crepitus can

be detected, there will be no positive sign of

the injury. In a large proportion of the cases

the shaft is displaced more or less inwards, and
upwards if the inward displacement be complete.

Then the roundness of the shoulder is preserved,

but the deltoid is tense, and the elbow points

out or back ; the upper end of the shaft may
form a visible swelling below the coracoid pro-

cess—where the fingers will feel it, not round
and smooth like the head, nor so sharp and
irregular as in a fracture. The fingers cannot

be pressed beneath the acromion, the head
being felt in the socket, but they do sink in

through the deltoid 1|- in. or so below the

acromion opposite the line of fracture. The
head does not move with the shaft, and crepitus

is obtained only when the broken surfaces are

brought into contact. Sometimes the broken
surface of the epiphysis looks forwards and
outwards, being probably driven into this

position, or at least fixed in it by the shaft

locked against its inner margin. Sometimes
the shaft is displaced upwards in front of

or outside the epiphysis—no doubt by the initial

violence.

Grave complications seem to have been fre-

quent. Several cases have been compound

;

the great vessels have been torn or compressed,

and gangrene has resulted in at least two eases
,

the brachial plexus has been injured, and even
permanent paralysis has resulted ; in a few
cases marked arrest of development has been
noted, but the arm has been strong. Suppura-

tion has been rare, but bony ankylosis has occurred in three

simple cases (J. Hutchinson, junr.). In two early cases a false

joint formed.

Treatment.—As swelling is usually rapid, early examination and

setting under anaesthesia are necessary, if there be any doubt or

difficulty ; for it is most desirable to effect an accurate diagnosis and

replacement with all possible gentleness. Traction on the limb down-

wards and outwards aided by pressure on the epiphysis is generally

m

Fig. 248.—A Humerus
repaired after a Frac-

ture of its surgical

Neck, downwards and
backwards from just

below the lesser tube-

rosity to 3 ins. below
posteriorly. The angle
between the head and
shaft is much dimin-
ished, as also is the
measurement from the
centre of the head to

the great tuberosity.

The shaft is drawn
slightly in. The whole
bone is atrophied.



FRACTURES OF THE HUMERUS. 813

successful ; and the cup and ball form of the fragments opposes
re-displacement. The shaft will thus be brought to an abducted
epiphysis, and if they can be interlocked the arm may be carefully
brought to the side ; if not, the patient must remain in bed and
abduction be maintained by weight extension. Ordinarily, a
shoulder cap, with or without an axiliary pad and a sling, should be
applied. Difficulty in reduction is due to interposition of soft parts,

usually the edge of the periosteal collar round the shaft. In com-
pound cases the obstacle must be removed by operation, and in
simple cases the question of operation must be carefully considered.

Great displacement of an important epiphysis with years of growth
before it or signs of any complication,

would render operation desirable ; even
after several weeks, resection of a dis-

placed shaft and reduction have been per-

formed with good results. If necessary,

the epiphysis may be fixed to the shaft

for a time by a steel pin (Helferich).

(5) The surgical neck, between
the tuberosities and their muscles—the

resultant of whose action is believed to

be abduction—and the bicipital groove,

to which the great adductors and internal

rotators, are attached, is the most frequent

seat of fractures of the upper end of the

humerus (Fig. 248). It occurs at all ages,

both from direct and indirect violence.

Swelling is often great. The displace-

ments and signs are the same as in sepa-

ration of the epiphysis, except that cre-

pitus is bony, and the fragments sharp,

irregular, and likely to excite more pain

when they are moved.
Occasionally the lower fragment is impacted into the upper :

this is the more likely the higher the fracture and the more can-

cellous the upper fragment. Generally the outer side of the shaft

penetrates the upper fragment, the usual deformity is present in

slight degree, and some crepitus may be obtained on firmly grasping

the head and rotating the shaft.

Compound and complicated fractures at the surgical neck are

very unusual. The commonest complication is dislocation of the

head. These cases look like simple dislocations : the shoulder is

flattened, the arm shortened, the elbow stands out from the side,

and there may be fulness beneath the pectoral ; the fingers sink in

beneath the acromion, and encounter the rounded head in the axilla
;

but they show also that it does not move with the shaft, and that

crepitus occurs between them.

Treatment.—During the period of early swelling in this and
other injuries to the shoulder the patient should be kept in bed

Fig. 249.—Treatment of Fracture
of the Surgical Neck of the
Humerus t>y the shoulder
cap, axillary pad, and sling
for the hand.
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with the limb comfortably placed on a firm pillow, ice packed round
tbe joint, and weight-extension maintained from the arm. When
oozing has ceased massage should be begun, and fomentation may-

quicken absorption. Splints may be applied when the swelling is

subsiding. When there is firm impaction a sling may be sufficient
;

but it would probably always be safer to apply a shoulder cap lightly.

When there is deformity the shoulder cap (Fig. 249) or Erichsen's

splint (Fig. 250) must be used if the patient is to get up ; and if, with

either, much extension has to be made to prevent shortening, the

fingers and the limb below the splint

must be bandaged as firmly as it is

necessary to bandage the splint to the

arm. Tbe hand only is then supported

in a sling, so that the weight of the

limb to which further weight may be
attached, may aid the extension. But,
unless hypostasis is feared, the patient

is better in bed under weight-extension

so long as there is any strong tendency
to shortening ; for both the above
splints are poor ones.

When the head is dislocated, an
attempt should at once be made to

reduce it under an anaesthetic. Failing

this, the choice lies between (a) wait-

ing eight to twelve weeks till union
has occurred, and then attempting re-

duction with the chance of a second

failure and a bad result or of refrac-

ture ; (b) leaving the head alone and
pushing the shaft towards the glenoid

fossa ; and (c) cutting down on the head
and replacing it, or, if this seem un-

likely to give a good result, removing
it and placing the shaft in the glenoid

fossa. In favourable circumstances

the latter plan would now be chosen. Since the above was written,

Clutton has shown an excellent result in a boy in whom, through
an anterior incision, he fixed the head and surgical neck on to

the shaft by means of an ivory peg driven vertically through the

former into the latter ; he then reduced the head, and the boy
recovered with a practically perfect joint.

Diagnosis of injuries of the shoulder.—For purposes of

diagnosis it is well to bring together several of the foregoing injuries

to the shoulder which resemble one another in some respects, and
to draw attention to the main points of difference which we should

endeavour to establish. Accurate diagnosis may be impossible when
the broken-off fragment is small, the coverings thick, or extravasa-

tion extensive.

Fig. 250.—Treatment of Fracture of
the Surgical Neck of the Humerus
by Erichsen's Splint, a piece of
leather or poroplastic of the form
shown. The rounded bend at the
upper end acts as an axillary pad,
and some extension may be made.
A bandage should fix the elbow
to the side.
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The chief injuries to be considered are—the inward dislocations

of the humerus ; fractures of the glenoid fossa and surgical neck of

the scapula ; and fractures of the anatomical and surgical necks of

the humerus (including separation of the upper epiphysis) without
and with dislocation.

The first point is to ascertain the position of the head ; if it be
in the socket, the shoulder is rounded, the fingers cannot be pressed

beneath the acromion, and they feel the smooth rounded head when
they grasp the shoulder from before back. But the head is dislocated

if the shoulder be flat, the deltoid tense, and the fingers meet no re-

sistance other than that of muscles in pressing towards the glenoid

fossa ; if the deformity cannot be removed without some difficulty,

but, when removed, does not easily recur. If, while the head has

escaped, the end of the shaft has risen up beneath the acromion, the

signs last given will be less marked, and the shape and irregularity

of the shaft will be helpful.

If the head be out of the socket, and there is no fracture, the

shaft may be regarded as a pointer to it ; it swings upon the

deltoid insertion and the elbow points the more back and out the

farther the head goes up and in. So the eye often enables us to lay

a hand on the head. If it cannot be felt at once, gentle rotation

of the shaft is practised, and the movement thus communicated
to the head makes its situation evident. But if, in a case which
looks like a dislocation, with some shortening and some projection

of the elbow, we get crepitus in performing rotation ; if we feel

that the rotating end is sharp, irregular, and causes pain ; and
if, elsewhere in the axilla, we feel the mass of the head and
tuberosities, not moving with the shaft, but grating against it

occasionally, we have a fracture of the surgical neck and a dislocation

of the head. If the arm hang by the side, yet the signs of emptiness

of the glenoid fossa are evident, though in a less striking degree, if

a small hemispherical mass be felt free in the axilla, while rotation

of the shaft is excessive in degree, and the finger detects absence of

the head from its place, we have to do with a fracture of the

anatomical neck with dislocation of the head.

If the head be in its socket, we grasp it and rotate the shaft

;

if they move together and without crepitus, either there is no
fracture between them, or it is firmly impacted, in which latter case

the deformity present, and any irregularity of the bone discovered,

must be considered. If there be no abnormal mobility between the

head and shaft, and yet crepitus occurs, this must indicate either

fracture of a process of the humerus or of a bit of the head, or a

fracture of the scapula. Touch will give some idea as to the seat

of crepitus. If superficial, the region of the great tuberosity must-

be examined. With deep crepitus the scapula is probably its seat.

In both the fractures in our list, simply raising the elbow removes
the displacement with crepitus, and it recurs at once on removal of

the support. In fracture of the surgical neck, the coracoid moves
with the fragment : in fractures of the glenoid fossa it does not.



816 INJURIES OF BONES.

Lastly, if there be abnormal mobility between the head and the

shaft, there is a fracture of either the anatomical or surgical neck,

or a separation of the epiphysis. Under twenty the injury is

probably of the latter kind. The signs of it and of fracture of the

surgical neck bear some resemblance to those of inward dislocation,

but the head is in the

socket, the end of the
shaft in the axilla is not
like the head, there is

not much difficulty in

pressing the elbow to

the side and removing
the deformity, but it

returns at once on re-

moving the restraining

force, and crepitus is

marked when the con-

ditions are suitable.

Fractures of the
shaft of the humerus
occur at all ages, and
from all forms of vio-

lence ; but of 85 cases

of fracture of long bones
from muscular action,.

57 were of the humerus.
More or less transverse

fractures are common
in children ; later, the
line is usually oblique,

with tendency to short-

ening. All the signs of

fracture are, as a rule,

easily obtained. When
the fracture is between
the pectoralis major and
the deltoid, the upper
fragment is drawn in

and the lower out (Fig.

251); when it is below
the deltoid, the upper
fragment is drawn out
(Fig. 252) and the lower
is undisturbed, except
that, in all fractures of

the shaft and upper end,

Fig. 251.

Fig. 251.—A Humerus repaired after a comminuted
Fracture at tlie lower End of the bicipital Groove.
The upper fragment has been drawn inwards. A
splinter 2£ ins. long projects into the insertion cf
the deltoid, having apparently been displaced by
that muscle. (University College Museum, No. 197.)

Fig. 252.—A Humerus repaired after Fracture about the
Middle. The upper fragment has been abducted by
the deltoid. The lower fragment lies behind and.
inside the upper. A column of dense bone, 3 ins.

long, and nearly as thick as the shaft tills up the angle
inwards between the fragments. (University College
Museum, No. 200.)

253.—A Humerus repaired after transverse Fracture
about the Middle. The fragments form an angle
salient forwards, and the lower fragment is rotated
slightly in upon the upper. A deep groove is shown
which was apparently occupied by the ulnar nerve.
(University College Museum, No. 199.)

Fi.

the longitudinally run-

ning muscles endeavour to draw the lower fragment up. The arching
forwards shown in Fig. 253 is quite unusual so high up.
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The special complication of fractures of the shaft is primary
injury to nerves or their later involvement in callus, the musculo-
spinal being that which suffers in most cases.

Treatment.—Rest in bed on Stromeyer's or an ordinary cushion,
and ice, if the injury have been severe. When swelling is subsiding, or
at once in the slighter cases, apply three or four short padded splints

of Gooch's material

round the arm, and
secure them by a web-
bing band buckled
around them above
and below the frac-

ture. If they must be
firmly applied, the

parts below must be

bandaged. The hand
is slung. If extension

be required, an out-

side or inside angular

splint (with a ring pad
over the epicondyle)

should be substituted

for one of the above,

fixed to the fore-arm

by bandage, and exten-

sion should then be
made, as shown in Fig.

254, until shortening

is removed ; the

buckles should then

be tightened. Frac-

tures so high that no
satisfactory hold above
the fracture can be

obtained by the upper
strap are best treated

like fractures of the

surgical neck.

Pseudarthrosis is

commoner in the humerus than in any other long bone, especially

in the middle third (Fig. 229).

Fractures of the lower end of the humerus.—These injuries

are very frequent in the first and second decennia ; if Bruns's

statement, based on 4,000 hospital cases, may be trusted, they
are comparatively rare after forty. There are several types de-

scribed. (1) The supra-condyloid
; (2) separation of the whole lower

epiphysis
; (3) the T-fracture and comminuted fractures

; (4) frac-

ture of the capitellum or of the trochlea
; (5) fracture of the internal

or external epicondyle or separation of the corresponding epiphysis.

Fig. 254.—Treatment of Fracture of the Shaft of the Hume-
rus by internal angular and short side Splints. The hand
and fore-arm are bandaged ; the splints are buckled
loosely round the arm ; extension is being made from the
elbow, whilst a towel held by an assistant forms a point
of counter-extension ; the surgeon tests the result with a
tape.
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1. Supra-comlyloid fracture* in which a transverse or oblique

fracture crosses the bone above the epicondyles : the lower fragment,

with the fore-arm bones in their normal relation to it, is usually

drawn backwards by the triceps, moving on the lower end of the

upper fragment as upon a hinge, or displaced wholly backwards
behind the upper.

Signs.—Seen from the side, with the fore-arm flexed or hanging,

the elbow projects markedly backwards, but its point is not very

acute ; there is bony swelling in front, immediately above the flexor

fold, and an obtuse angle opening backwards and upwards at the

same level behind. The arm, from acromion to epicondyle, is a

little shortened, but the fore-arm, from epicondyle to styloid process,

is nonnal. The relations between the olecranon and the two epi-

condyles are normal, and neither the greater sigmoid notch of the

ulna, nor the pit on the head of the radius, can be felt. The upper
fragment has not the shape of the lower end of the humerus. Defor-

mity is easily reduced with crepitus, and easily recurs.

In exceptional cases, and especially when the transverse fracture

is low—perhaps even crossing the cartilage-covered surface—the

lower fragment is displaced forwards. Side to side obliquity of the

line of fracture will tend to cause the lower fragments to glide in

or out. The joint may be opened in any ordinary case ; various nerves

and vessels are liable to injury ft-om it. When compound the upper
fragment generally protrudes in front.

2. Separation of the lower epiphysis.—This epiphysis is

so shallow that it forms little of the olecranon fossa, but it mounts
on each side to the epicondyle ; the lower end of the shaft becomes
with groAvth increasingly convex, especially from side to side.

Centres appear in the capitellum at 2 to 3 years, in the trochlea at 1

1

to 12, in the external epicondyle at 13, and in the internal epicondyle

at 5. The first three soon blend and unite with the shaft at 16 to 17,

whilst the internal epicondyle unites at 18. After 10 the epiphysis

adds only about 1 cm. to the length of the bone. Up to 5 or 6 a

pure separation of the whole cartilaginous end is probable; later, a

mixed separation and fracture are more likely. The fracture may
be incomplete, the epiphysis being " bent " inwards or outwards. In
one case (age 12) examined anatomically, the epicondyles did not

accompany the capitellum and trochlea. In over fifty cases (between

1|- to 14 years) J. Hutchinson, junr., found no instance of suppura-

tion in a simple case. Callus in front of the joint tends to be

exuberant and to limit flexion, especially if reduction be imperfect.

Signs.—As in supra-condyloid fractures in complete cases.

There may be no displacement, only an antero-posterior " give " just

above the elbow (J. Hutchinson, junr.).

3. The T-fracSaire (Fig. 255) consists of a more or less trans-

verse fissure, crossing the bone at a varying height above the

articular surface, and of another, vertical, which descends from the

former and generally through the trochlea. It is not very common,
and usually occurs in adults, being almost always the result of direct
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violence—falls or blows upon the elbow ; still greater force may
cause much comminution. A fracture of the olecranon is a not
infrequent concomitant of these serious injuries, which are always
accompanied by great swelling and are often compound or complicated
by injuries to nerves or vessels. As to displace-

ment—almost anything mayhappen; but usually

the lower fragments are drawn backwards and
upwards, whilst the upperfragment sinkstowards
the joint between them, forcing them apart.

Signs.—If there be not too much swelling,

the lower end of the humerus seems much
widened ; everything is loose, crepitus perceived

at each movement ; the relations between the

olecranon and epicondyles are more or less ab-

normal, yet the sigmoid notch and radial head
cannot be felt ; when extension is made, the

condyles can be pressed together, and moved
upon each other.

4. Fractures of the trochlea or capi-
tellum, usually with the corresponding epicon-

dyle, are common accidents in this region,

especially in children. They arise from falls

upon the hand, and violent lateral wrenches of

the joint.

Signs.—In these cases, when seen early,

swelling, pain, and tenderness may be limited to

the side injured. Dislocation of the fragment
will disturb the relation between the epicondyles

and the olecranon ; the ulna accompanies the

trochlea, and when the two slip backwards,
the radius also may be found below and behind the capitellum.

The tendency to displacement of the radius in fracture of the

capitellum is less marked. Pressure on the epicondyles shows
mobility and crepitus, and these may be detected, together with

angular movement, in the joint when the elbow is extended and the

fore-arm abducted or adducted. Carried to excess, these move-
ments would easily induce dislocation of the fore-arm bones,

especially in the outward and backward direction when the trochlea

and epicondyle are loose. Dislocation of the fore-arm bones and
injury to the ulnar nerve are the chief complications.

5. Fracture of the interna! or external epicondyle.—
The latter is very rare, and is due to direct violence or muscular
action. The small fragment is felt at the seat of pain, held in

position by untorn tendon, or displaced downwards by extensor

muscles. It unites by bone if not displaced, otherwise by ligament.

In either case little or no inconvenience results.

The internal epicondyle may be broken off by direct violence, or

by muscular and ligamentous traction in falls bending the fore-aim

outwards ; it is not uncommonly pulled off in dislocations of the

;. 255.—A comminuted.
T-Fraeture of the lower
End of the Humerus

;

from a man who fell

from a ladder. The
fracture was compound
and suppurated. Ampu-
tation after one month.
There is scarcely a
trace of new bone about
the fragments. (Uni-
versity College Mu-
seum, No, 202.)
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elbow, and its condition should be ascertained after reducing all

such injuries. Detachment of the internal epicondyle always opens
the elbow joint, and, the internal lateral ligament being attached to

it, permits abnormal abduction of the fore-arm when the elbow is

extended so that dislocation occurs under slight violence. The bit of

bone is displaced downwards by the superficial flexors, and can be
felt ; no crepitus, unless it can be replaced ; a sharp termination of

the internal supra-condyloid line can be felt. Union is almost
always fibrous, of greater or less length. The ultimate result is

generally satisfactory, but to obtain this passive movement has, as

a rule, to be kept up for weeks. J. Hutchinson, junr., believes

that this is due to pressure on the ulnar nerve with each attempt
at flexion after its guardian process has been removed. In more
severe cases of neuralgia, paresis or paralysis in the ulnar area, with

great rigidity of the joint, the process has several times been found

pressing on the nerve, and has been removed with a perfect result.

Diagnosis of injuries to the elbow.—Early examination
to anticipate swelling is most desirable, and an anaesthetic is often

necessary. V/ith the patient's hands clasped in the mid-line, the in-

jured joint should be carefully surveyed from all sides. If the elbow
be projecting unduly backwards, the resemblance to a dislocation

backwards of the ulna, or of both bones, is close. In the dislocation,

the olecranon by itself forms the point of the elbow, and the projec-

tion is therefore sharper, both from above down, and from side to

side, than when the joint end of the humerus moves back with the

fore-arm bones ; the triceps is tense and curved, the curve being some-

what lower and sharper than in the fracture ; the length from the

acromion to epicondyle is normal, from epicondyle to styloid process

short. Taking an elbow in each hand, holding them symmetrically,

and placing the forefinger on the olecranon, and the thumb and middle
finger on the epic0nd3d.es (the elbow should always be examined in

this way), it is found that the distances between the olecranon and
both epicondyles are much increased in the dislocation, but are

normal in the fracture ; the projection in front is smooth, and
presents the irregularities of the lower end of the humerus ; the

fingers can be pressed into the sigmoid notch of the ulna, and
the pit in the head of the radius ; movement is limited in the dis-

location—extension is incomplete, and flexion cannot be carried

to 90°—it is abnormally free in the fracture; reduction is more
or less difficult, but when accomplished, the deformity does not

easily recur ; there is no crepitus. Systematic attention to these

points when they can be recognised will enable us to distinguish

between dislocation backwards of both bones and the supra-con-

dyloid fracture, T-fracture, and separation of the epiphysis, with the

ordinary displacement. If the displacement is extraordinary, the

resemblance to a dislocation is lost; and none exists in the other

cases above described'.

Treatment of fractures of the lower end of the
humerus.—In the more severe simple injuries there is often so
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much swelling when the patient is seen that effective examination is

impossible ; the limb should then be laid on a pillow and ice or pres-

sure used to check swelling. As soon as possible a careful examina-
tion is made and any displacement reduced. Where no diagnosis

can be made, tho successful treatment of the fracture depends upon
the adoption of that position which is most likely to bring the
fragments into their normal relation. In all these injuries there
is a difference of opinion as to whether the limb should be put

Figs. 256 and 257.—Cubitum Valgum and Varum after Injuries to the Elbow Joint. In the
former the carrying angle is increased ; in the latter it is reversed. (From a paper by Mr.
Nunn in the Clinical Society's Transactions, 1S92.)

up straight or more or less flexed. In favour of the straight

position it is said that it is impossible otherwise so to set the

fracture as to maintain the natural angle ("carrying angle") of about
170° outwards between the humerus and ulna—cubitum valgum
and varum (Figs. 256, 257), corresponding to genu valgum and
varum, being the result. This being regai'ded as a test-point of perfect

reduction, it is held that stiffness is more likely to result from the

flexed position. Those who use the flexed position—and they in-

clude the great majority—deny this, and quote good results. They
speak of stiffness resulting frequently from the straight position—

a

much more disastrous result than a stiff elbow at 90 Q—and of the

discomfort of the constantly hanging limb to the patient. It may
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be added that cubitum valgum and varum seem to interfere little

with the use of the limb, though they might be a bar to entering the

public service. There is probably truth on both sides. The displace-

ment in each case must be studied, and the position found in which
it will be most perfectly reduced. In doubtful cases flexion to 90 Q

is probably the best position. When a fracture has been compli-

cated by a backward dislocation of the fore-arm bones, a position of

sufficient flexion to prevent risk of recurrent dislocation must be
employed. With a low transverse fracture, full flexion, advocated

by some, may produce forward displacement.

Flexion is best maintained by a posterior gutter splint of plaster

of Paris or tin bracketed at the elbow (Fig. 258), a short anterior being

applied to the arm if there is much projection forwards ; the two are

bandaged together and weight-extension in the line of the humerus
may be added during the early days if tendency to shortening is

marked. The fore-arm should be in the mid-position, so as to render

tense neither the superficial flexors nor the extensors. The mainten-

ance of flexion by an internal or external angular wooden splint is

likely to cause a lateral displacement. Massage and movements
should be practised as soon as possible without causing pain or

displacement.

In fractures of the epicondyles, and probably of the trochlea or

capitellum, it would be possible if the fragment could be got into

good position to fix it by means of an aseptic acupressure pin driven

through it into the sound bone beyond ; the pin to be removed in

two to three weeks.

In compound cases the treatment is usual. A stiff though
strong elbow is less useful than a movable but weaker joint ; con-

sequently, when the injury seems to threaten ankylosis, the question

of primary excision must be considered, and should certainly be

undertaken in much comminuted cases : it consists in picking out

fragments and smoothing corners. In separations of the epiphysis

the end of an irreducible shaft has been removed with good result.

Fractures of the bones of the fore-arm.—Either ulna or

radius may be broken alone, or both bones may be broken together.

Fracture of the olecranon (1 to 2 per cent.) is the most
important injury of the ulna, making up about one-third of the

fractures of the ulna alone. Fracture of the olecranon is generally

due to a fall or blow upon the elbow ; as, however, it is unusual to

find marks of violence on the skin of the part, it is probable that

muscular action plays an important part and breaks the olecranon

across the trochlea when the hand comes upon the ground. Frac-

tures from pure muscular action are rare, and the fragment torn off

is small. The tip of the process may be detached without opening

the joint; but almost always the fragment encroaches on the carti-

lage-covered surface, sometimes detaching the whole process above

the coronoid.

The fragment is drawn up more or less according as its fibrous

coverings are more or less torn through, and this is effected chiefly
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by muscular action. The joint is swollen early, and a hematoma
forms over the cleft, which can usually be felt through it on the

subcutaneous aspect ; active extension of the arm, even in the

horizontal plane, is usually impossible ; the fragment can be moved,
and crepitus is easy. With complete detachment of the olecranon,

dislocation forwards of the ulna occurs easily.

Union is almost always fibrous, of greater or

less length ; bony union, without operation, pro-

bably occurs only in cases from direct violence

with little or no separation. When fibrous union

is long, extension is proportionately feeble, and
may be impossible against gravity. Rarely the

upper fragment has become attached to the

humerus without absolutely preventing exten-

sion, or the joint has become fixed. Rheuma-
toid changes of the elbow seem to be excited

with special frequency by injury.

Comminuted
and compound in-

juries are uncom-
mon.

Treatment. —
The joint should

be aspirated if it

contain much
fluid. Some en-

deavour to bring
strips of strapping

a U-shaped piece

are carried over

25S.—Posterior angular Gutter Splints of metal bracketed
at Elbow. Most useful in compound cases.

down the upper fragment by means of

passing over it from arm to fore-arm,

long

or by
limbsplaced above the fragment, while the

the front of the fore-arm. If no separation be caused by flexion,

the limb may be fixed by plaster in this position. As a rule,

the best position is slight flexion ; full extension may lead to
dislocation forwards of the ulna or to pushing of the olecranon
out of the fossa into which it should sink. This position is

best maintained by plaster-of-Paris bandages with or without an
anterior splint from axilla to wrist, thickly padded opposite the
elbow. If the fragments do not lie well together, the upper may
be fixed against the lower by cutting a large window over the
back of the joint, fixing a pair of Malgaigne's hooks, with antiseptic

precautions, through the triceps on to the upper surface of the
olecranon, and the other pair into the lower edge of the window.

Another plan is Mayo Robson's, of passing one stout needle
through the triceps as close as possible to the bone, and another
through the fibrous tissue over the lower fragment (Robson now
uses this plan), or through a hole drilled in the latter; the pro-

jecting ends are then firmly wired together. Both fragments may
be drilled, and a wire suture passed through them from above down-
wards ; or the lower may be drilled from side to side, the wire being
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passed deeply through the fibres of the triceps ; or a screw may be
put in downwards from the insertion of the triceps. For all these

operations a considerable flap

should be raised, inwards or out-

wards. I have tried Robson's

operation once, drilling the lower

fragment, short fibrous union
resulting.

When the fragments are wired

or screwed together no splint is

necessary, only a compressive dry
dressing. Massage should be be-

gun as soon as the wound has

healed or sooner, and the patient

encouraged to perform gentle

movements.
A long fibrous union may be

excised, the fragments refreshed

and wired or screwed with excel-

lent result. Ankylosis in bad
position, not yielding to forced

movements, will probably require

excision.

Separation of the upper
epiphysis of the ulna.—It

ossifies at ten and joins at

seventeen ; it scarcely forms a third of the olecranon. Separation

of it is very rare.

The coronoM process is very rarely fractured, unless un-

recognisable bits are chipped off in backward dislocations, which
Malgaigne thought frequent. The process, as Liston said, may be
either pushed or pulled off—by falls on the hand or by muscular
action. He believed the latter cause to have produced the accident

in a boy who hung for long on a wall, afraid to jump down.
Signs.—Detachment of a considerable piece is said to cause

swelling in front of the elbow, where the fragment may be felt;

easy dislocation backwards of the ulna or of both bones, and easy

reduction. Crepitus if the fragments can be approximated. Union
would probably be fibrous ; and Sir A. Cooper recorded a case believed

to have been a fracture of this process in which the olecranon

slipped backwards and forwards somewhat in extension and flexion.

That bony union is possible of a small fragment without dis-

placement is shown by Fig. 259, in which the tip of the coronoid

process and front of the radial head have been pushed off; partial

dislocation backwards of the bones occurred, and the humerus
modelled a new surface for itself.

Treatment.—Flexion to 50° or 60° would meet the requirements.

The shaft of the uSna is not commonly (2-5 per cent.) broken
alone : it occurs from direct violence, at the point struck ; or. in

Fig. 259.—Union by Bone after Fracture and
downward Displacement of the anterior
half of the Head of the Radius and of the
Coronoid Process. The humerus, but little

altered, lay in a socket formed by the sur-

faces from which the above portions had
been torn and the fragments themselves.
No history. (University College Museum.)
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children, from falls on the ulnar side of the hand with the elbow
flexed—a greenstick fracture often resulting. The superficial posi-

tion of the bone renders the detection of fractures comparatively easy,

even though displacement be slight. It is worth noting that a
marked angle may develop in the ulna, towards the subcutaneous
edge, the radius being sound.

Separation of the lower ulnar epiphysis, ossifying at
four to five years and joining at twenty, is very rare (Fig. 205).

Fractures of the radius*—The radius is liable to fractures

of all parts, but fracture of the lower end and separation of the
lower epiphysis are the most frequent injuries

;

then come fractures of the shaft, those of the
head and neck being rare.

Fractures of the radius alone are slightly

more frequent than fractures of both bones
;

they are common throughout life, separation of

the lower epiphysis being specially common up
to twenty, and Colles's fracture after mid-life.

The head may have small or large frag-

ments chipped from it (Fig. 259) ; remaining
loose or uniting, they may greatly impair the

movements of the joint. In such a case Cheyne
removed about half the head, which lay loose,

greatly crippling the joint; he obtained, after

six months of treatment, a perfect joint.

Separation of the upper radial epi-
physis, a thin plate ossifying at five to six

and joining at eighteen, is very rare.

When the neck is broken (rare) there is

no muscle to displace it, and the balance of

power on the shaft is undisturbed ; so there

is no typical displacement.

In the shaft greenstick fractures are com-

mon in children (Fig. 204). Fractures of the

shaft of the radius are more frequent than those

of the ulna, because in falls force travels chiefly

along the radius. When a fracture occurs be-

tween the tubercle and the insertion of the

pronator teres, it is practically certain (Figs. 215,

230, 260), unless the fragments are inseparably

locked, that some contraction of the biceps, and
perhaps of the supinator brevis, will completely

supinate the upper fragment ; neither voluntary

nor passive pronation of this fragment is then

possible, for there is no pronator attached to it

and the fragment cannot be grasped by the sur-

geon. Whether the pronator could pronate the hand after fracture of

the radius may be doubtful ; but if the hand be pronatecl, there it

remains, for the supinator longus is incapable of supinating it. The

g. 260.—Fracture of

the Eadius just above
the Insertion of the
Pronator Teres. The
upper fragment is su-

pinated, the lower
more than semi-prone.
The specimen shows
the result of treating
this injury by anterior
and posterior splints.

(University College
Museum, No. 210.)
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only way to bring the fragments into a corresponding position is for

the surgeon to supinate the hand—which he easily does. The usual

signs of fracture may be clear ; but the upper half of the radius is so

thickly covered with soft parts, and it is so difficult, when swelling is

present, to be certain whether the head of the radius moves or not

with the lower fragment, that fractures without displacement must

sometimes be inferred to exist rather than diagnosed.

In fractures below the insertion of the pronator teres, active

supination of the hand is again lost, but the upper fragment remains

in the mid-position. It is said that the oblique and transverse pro-

nators tend to approximate the fore-arm bones when broken in their

neighbourhood.

Fracture of tlie shafts of ootli ulna and radius is less

frequent than fracture of the radius alone. Generally both bones are

broken about the same level, whether the injury result from direct

or indirect violence. The
commonest seat is at the

middle or at tlie junction

of the upper and middle

thirds ; the commonest
deformity is an angular

bend towards the sub-

cutaneous edge of the

ulna (Fig. 261) ; the in-

jury is more easily recog-
Fig. 201.—A Fracture of both Bones of the Fore-arm. niDolilo +Vi Q n franfnro nf

(Cast, No. 219, University College Museum.) lllSabie Uian iracture 01

one shaft only, by greater

deformity, mobility, and crepitus. No complication occurs with special

frequency, and all are rare ; but gangrene from improper treatment

has occurred here oftener than elsewhere. Pseudarthrosis is infre-

quent. Luxuriant callus occasionally forms, its worst result being

obliteration of the interval between the bones and prevention of

pronation and supination. When the ulnar and radial fragments are

displaced towards each other, their union together is facilitated ; and

when this displacement can be shown to be due to faulty treatment,

an action for malpraxis would probably succeed.

Treatment of fracStsres of tlse shafts of the a!na and
radius.—Formerly all the above injuries were treated in the mid-
position between pronation and supination, between anterior and
posterior wooden splints (Figs. 262, 263). These may be used for

fractures of the ulna alone, or for fractures of the radius or of both
bones below the middle. The splints are cut from a plank ^ to J in.

thick, wider than the widest part of the fore-arm, and long enough to

reach from below the external epicondyle to the knuckles, and from
the internal epicondyle to the wrist. The splints having been padded,

deformity is reduced, the elbow is bent to 90°, the hand turned until

the thumb points upwards, the splints are placed in position and fixed

by webbing straps, above and below the fracture, drawn fairly tight.

Owing to the width of the splints these do not touch the borders of
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the limb, and do not press

the bones together. The
hand is fixed to the longer

posterior splint by a figure-

of-8 bandage or strapping

leaving the thumb and
fingers free. The whole
length of the fore-arm

should be supported hori-

zontally in a sling.

If the fracture be at or

above the middle (of the

ulna) the hand may be set

free, and the extra length

of the posterior splint cut

off so soon as pain has

ceased. The patient should

frequently perform all

movements of the joints

which are free. Massage
should be practised regu-

larly, splints being undone
when the surgeon thinks it

safe ; and at each seance

all joints should be exercised.

Fisr. 263.—Anterior and posterior Splints for
Fore-arm. The hand, but not the fingers, is

secured to the posterior splint by a bandage
which has been carried up to the flexed elbow.

Fig. 262.—Anterior and Posterior Splints for the Fore-
arm, padded and applied with Strips of Strapping.

Attention should be specially

directed to the prevention of

angular deformity — particu-

larly the dropping of both
bones towards the ulnar side

above alluded to. This may
be very difficult to overcome.

In the mid-position the hand
should be allowed to hang,

the splints should not grip the

wrist between them, and special

support should be given to the

ulna down to the fracture.

But in most of these cases a
posterior moulded gutter splint

should be used, the hand being

placed comfortably supine

—

the thumb pointing up and out.

In all fractures in which
the radius is broken above the

middle, the supine position,

and a posterior angular, flat

or gutter splint should be used
;

it may be of plaster, wood, or

metal, and should pass far
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enough up the arm to prevent its displacement. When swelling

has ceased an ordinaiy plaster bandage may be safely used to main-

tain this position, care being taken not to draw the bones to-

gether : but it prevents massage.
Fracture ofthe lower end ofthe radius (Colles's fracture).

—In this injury a fracture starts on the anterior surface of the radius

J to 1 in. above the joint surface, and runs transversely backwards,

Fig. 205.

Figs. 264 and 265.—Back and side Views from a Cast of a Case of Colles' Fracture, showing the
points noted in the text. University College Museum No. 215.)

Fig. 266.—The Bones from a Case of Colles' Fraccure, explaining the deformity ; the displace-
ment backwards and outwards of the lower fragment with the hand, the rotation of the
lower fragment on its transverse axis so that its carpal surface looks down and back, and
the prominence of the ulnar styloid are the points most clearly shown. (University College
Museum, No. 211.)

or obliquely up and back. The lower fragment is either displaced

directly backwards, or it turns up and back as upon a hinge

;

usually it is displaced outwards (to the radial side) also, and,

rotating in this direction, the styloid process is raised. The
posterior wall of the upper fragment not uncommonly penetrates

the lower fragment, often splitting it into several pieces ; or,

again, becoming impacted with extraordinary firmness. The carpus

moves outwards with the lower fragment, and sometimes carries

the ulnar styloid process with it. The lower end of the ulna

may be broken. Further violence may rupture the radio-ulnar
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ligaments, and drive the ulna through the skin (Fio-s. 264, 265,

266, and 267).

This fracture is very common, especially in elderly women ; but
it occurs at all ages and in both sexes. Almost always the cause is

a fall on the hand—in the old merely to the ground, in younger
patients from a height. The shock is received upon the palm near
the base of the thumb, which point becomes fixed ; the radius,

directed downwards, forwards, and more or less inwards, is driven
by the momentum of the body on to this point, as a rule

;

firm resistance is offered ; the lower end be-

comes fixed ; the force acting along the oblique

shaft may be resolved into vertical and hori-

zontal components ; the effect of the vertical

component is to crack through the lower end of

the bone and to drive the end of the shaft down-
wards (towards the ground) ; the effect of the

horizontal component is to drive the shaft for-

wards into the lower fragment, and, if this has

not been carried completely backwards, the radial

and posterior walls of the shaft will crush and
penetrate the cancellous tissue of the lower
fragment. All this can be readily seen if, sitting

squarely, we place the palm on the table in

front of us, on one side of the mid-line, and
imagine first the effect of a vertical blow on the

lower end of the radius, and then that of a

violent push of the shaft directly forwards. Slight

differences in the direction of the radius—whether
it is more or less nearly vertical, whether it

inclines more or less inwards—will account for

all the differences we have noted in the anatomy
of the fracture. As a rule, extension of the

wrist in these falls is insufficient to stretch the

anterior radio-carpal ligament greatly ; but experi-

ments on the cadaver and a few cases show that

the fracture may be produced by over-extension

of the wrist, though sometimes the ligament yields. The dislocation

of the lower fragment upon the upper may be maintained either by
impaction or by spasm of the radial carpal and thumb extensors.

In a very few recorded instances falls on the back of the hand
and flexion of the wrist have caused a similar fracture with dis-

placement forwards of the lower fragment.

Signs.—There may be no deformity ; but when the displacement

is maintained the appearance is very characteristic. Seen from the

radial side, the hand and fingers are more or less flexed, but the

outlines about the wrist are irregular ; at the flexor fold there is a
deepish depression, and above it is a prominence—the lower end of

the upper fragment ; on the dorsal aspect, opposite the latter, or

rather higher, is a depression due to displacement back of the lower

Antero-Poste-
rior Section through a
Radius from a Case of
Colles' Fracture. The
displacement back and
rotation (moderate) of
the lower fragment are
shown ; the angle for-
wards above the wrist
can be estimated and
contrasted with thatJ

in Fig. 26S. (Univer-
sity College Museum,
No. 213.)
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Fig. 268.—A preparation showing Separa-

tion of the lower Epiphysis ofthe Radius,
and explaining the Deformity. (Royal
College of Surgeons.) Figs. 26S, 269 are

from Mr. Hutchinson s drawing.

Pronator quadratus ; p, widely separated
periosteum ; c, displaced epiphysis.

splitting
off of the

posterior
edge of the radial surface, may be obtained.

Separation of the lower epiphysis
of the radius is perhaps the commonest
accident of this kind. The epiphysis begins

to ossify at two years and joins at twenty to

twenty-two. The accident may occur at any
age up to twenty, and the majority of the

patients are over ten. The causes, pa
tholog}'', and signs are those of Colles' frac-

ture, except that the lower end of the shaft

projects with great sharpness (Fig. 268),

forming an angle forwards of 90° to 100 Q
,

whereas the corresponding angle in Colles'

fracture is 140° or more (Hutchinson). The
accident has not infrequently been compound.

Hutchinson found ten such among fifty-four;

and though they were nearly all recent cases,

the results obtained were very bad. In four

the shaft was resected to reduce, with a good

result in all; in six reduction was effected,

more or less imperfectly ; two died of pye-

mia and tetanus, one recovered with a crippled

wrist after long suppuration, three were ampu-

tated for gangrene. Other complications

fragment, whilst lower down, op-

posite to and below the wrist joint,

is a marked prominence formed

by the lower end of tins fragment
and the carpal bones flexed upon
it. The side view was aptly

likened by Velpeau to that of a

silver fork. Seen from the back
or front a greater or less con-

cavity is noted on the radial side

above the wrist, and a correspond-

ing prominence of the head of

the ulna ; besides being carried

outwards the hand is generally a

little abducted, and the thumb
and other tendons are tense and
prominent. Reduction of the

deformity may be easy with crepi-

tus, or very difficult from impac-
tion. Evidence of comminution
of the lower fragment, and espe-

cially of

Fig. 269.—The Deformity in a

recent Case of Separation of

the lower Epiphysis of the

Radius. The angle in front

should be specially noticed.
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Fig. 270.—Carr's Splints for Colles'

Fracture.

noted are : tearing off of the lower ulnar epiphysis, or, more
often, fracture of the shaft 1 inch tip ; and obstruction of main
arteries by pressure. Suppuration of simple cases is not to be feared,

though the periosteum is widely separated (Fig. 269). Arrest of

growth is quite exceptional, and should

be treated by resection of enough of

the lower end of the ulna.

Diagnosis. — Distinction between

the fracture and separation of the

epiphysis rests upon (1) age—though

Colles' fracture may occur in young
people

; (2) the situation of the cleft

;

(3) the acuteness of the angle forward ; and (4) the character of the

crepitus. Both the above accidents are distinguished from disloca-

tion back of the wrist by the normal relation which the radial styloid

process bears to the carpus and by the absence of any resemblance
in form between the prominences on the front and back of the wrist

to the concave smooth lower edge of the radius and the rounded
convexity of the carpus.

Treatment of fractures of the loiuer end of the radius.—The
deformity should be reduced by traction on the hand, and espe-

cially by direct pressure on the fragments : anaesthesia may be
necessary. Permanent deformity markedly limits flexion move-
ments. There may be no deformity ; when deformity has been
reduced it may not recur, or it may return as soon as the part is

. free. Only in the latter

case is a splint absolutely

necessary, and even here

it can probably be aban-

doned in seven to ten
days. The best splint is

Carr's (Fig. 270). After
reduction has been
effected the limb is laid

on the palmar splint

covered with a layer of

boric lint, and the pa-

tient is made to grasp

the oblique bar—when
this is done any de-

formity disappears ; if

necessary, the fingers

are closed round it, and
for twenty-four hours,

or till spasm has sub-

sided, fixed by bandage
over wool ; the little

Fig. 271.—Carr's Splints applied. The line of the dorsal splint is applied,
knuckles shows adduction of the hand when the bar j ,-, ,i

is grasped. and the roller run up
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the arm (Fig. 271). As soon as spasm has subsided the fingers

and thumb are left free and movements of extension, abduction

and adduction and of flexion (grasping the bar) should be fre-

quently practised.

If Carr's splint be not at hand, anterior and posterior splints

(Fig. 262) may be used. The hand is left hanging to the ulnar

side, lightly restrained by a bandage across the palm, or, if there

be much spasm, a strip of strapping may be used to adduct it

and fix it firmly against the splint. The posterior splint is thickly

padded up to the level of the wrist, the anterior down to the level

of the fracture ; the splints are buckled firmly together. Again,

freedom to the hand and fingers should be allowed as soon as

possible. Massage should be practised before putting the fracture

up, and should be repeated as soon as spasm has subsided. With
less tendency to deformity, cases may be treated with a sling, over

the edge of which the hand hangs adducted by its weight, or, to

prevent accidents, a light wooden back-splint may be worn. Massage
is practised daily and all movements, voluntary and passive, are

begun as early as possible, the surgeon giving proper support. By
this treatment the long-lasting stiffness and painfulness of fingers

and wrist, which used to form the chief seriousness of this accident,

may generally be avoided. In separation of the epiphysis extrava-

sation may be very great ; splints must not be too tightly applied

at first, circular compression must not be practised, aud the fingers

should be carefully watched.

The carpal bones.—These are generally fractured by severe

crushes, often doing much damage to soft parts, which constitutes

the most serious part of the injury. There is little or no displace-

ment, as a rule, but a fragment may be forced quite out of position.

So far as the fracture is concerned, short immobilisation and elastic

compression to limit extravasation are necessary at first.

The metacarpal bones and phalanges.—These bones are

generally broken by direct violence ; the phalanges are liable to

have pieces torn off their bases by twists to the side, and they then,

when not supported, drop over from the injured side. The flexor

muscles often cause projection backwards of the metacarpal and
larger phalanges when broken near the centre. The usual signs of

fracture are easily obtained. The treatment of simple cases is best

carried out by a gauntlet moulded in the case of a metacarpal, and
by a palmar trough of guttapercha, carried into the palm, if neces-

sary, for the phalanges. In compound injuries and crushes, treat-

ment should be most conservative : nothing should be amputated

because we think it will not live—render the parts aseptic and wait.

Crushes of the last phalanx rarely require amputation at the last

joint : if a flap can be obtained for this, the part can probably be

saved. The dressing is usually a splint also.

Fractures Of the pelvis.—These fractures constitute only

0-3 per cent, of the whole list of fractures. They are best classed

according as they do or do not break the pelvic ring. The former
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are by far the more serious, and are almost always due to forcible

compression, as when a heavy weight falls upon a man or his pelvis

is driven over or crushed between buffers. The results are very
various. A fracture of the horizontal pubic ramus and of the pubic
arch below it is common on one or both sides (Fig. 272), and this is

often accompanied by a fracture through the lateral mass of the sacrum,
or through the ilium on the same side (double vertical fracture) more
or less parallel and close to the sacro-iliac synchondrosis. This

articulation may be torn open ; so, too, may the symphysis—by
direct violence, forcible abduction of the thighs, and even by the

wedge action of the foetal head.

The pubic symphysis maybe driven

back ; the sacrum is very rarely

displaced forwards ; one hip-bone

may fall back and out, or be drawn
upwai'ds ; the head of the femur
is very rarely driven against the

acetabulum with such violence as

to split the hip-bone into pieces
;

it may project into the pelvic

cavity.

The less serious cla,ss is made
up of fractures of the ilium above
the ilio-pubic line, of the crest, the

anterior spine, the margin of the

acetabulum, of the tuber ischii ; of

transverse fractures of the sacrum
and coccyx, and of luxation of the

coccyx— all due almost invariably

to direct violence. The epiphysis

of the crest is said to have been
torn off by the abdominal muscles.

These fractures are rarely com-

pound through the skin, the force

that causes them acting over a
wide area.

Injuries to internal organs and parts by the fragments consti-

tute the chief dangers of these injuries. Rupture of the bladder

from the violence causing the fracture, rather than wound by a

fragment, occurs occasionally. But the special danger is partial

or complete laceration of the subpubic (membranous, sometimes
bulbous) urethra by displacement of the fragments of the pubic

arch in the relatively common anterior vertical fracture. Fixed
as this portion of the urethra is, it may be simply kinked ; but
this is rare. Laceration of the rectum has not infrequently accom-

panied fractures and luxations of the sacrum and coccyx. Injuries

of the great vessels and nerves are very rare ; the gluteal artery

has generally been the vessel to suffer. An injury of such severity

is frequently accompanied by other internal lesions.

B B

Fig. 272.—A left Hip Bone. The ilium above
the acetabulum has been split off and
broken into two pieces by a T-fracture

;

the fragments have united with displace-
ment. There had been a vertical fracture
also of the horizontal ramus of the pubis
and of the pubic arch. (St. George's
Museum, Series I., No. 122.) (rick.)
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Signs.—-The diagnosis of fractures not breaking the pelvic ring

is made by attention to the nature of the accident, the seats of

injury, of pain and tenderness, and by careful examination from
outside, from the rectum and vagina. Passive movements of the

lower limb may help. As a rule, deformity, mobility, and crepitus,

one or all, can be obtained. A dislocation of the femur easily

reducible and easily recurring, characterises fractures of the ace-

tabular edge.

In fractures breaking the pelvic ring there is often great shock

;

if the patient has attempted to bear weight on the limb of the

injured side, he has found it impossible : there is a sense of loss of

support, and the limb is helpless and rotates out fully, because the

muscles have lost their point d'appui. Deformity is not often pre-

sent, other than swelling from extravasation. More or less of the

hip-bone, the sacrum, or the pubes, may be obviously displaced, and
the limb in the first case may appear shortened or otherwise

deformed. In the very rare cases in which the head of the femur
is driven into the pelvis, the trochanter is depressed, the limb is

slightly shortened, and a swelling is felt per rectum. Crepitus is

often obtained during unavoidable lifting of the patient ; it should

be sought for only in the gentlest way, seeing the danger with
which displacement of fragments threatens the urethra. Abnormal
mobility will be tested at the same time by direct pressure on the

pubes, by directly pressing the ilia toward? one another or away
from each other by the thumbs on the anterior spines. If in this

examination pain be referred constantly to a certain region not

pressed upon, fracture may be inferred. Localised extravasations,

especially in the perineum when this part has not been struck, are

of the highest value. If left in doubt, treat as if a fracture were
present, and watch for the disappearance of symptoms.

The urethra must always be examined with a scrupulously

cleaned catheter, the orifice of the urethra also being disinfected

before the instrument is introduced. There may be blood dripping

from the meatus, or bloody urine may have been passed, or there

may be retention of some standing ; in cases seen late, perhaps even
signs of cellulitis from micturition into the cellular tissue round
the urethra. The catheter may fail to enter the bladder, its point

turning constantly into the perineum, or it may enter after more or

less difficulty—the urethra is completely or partially torn across.

Or it may enter easily and draw off urine, more or less blood-stained

(sometimes very slightly) in small quantity ; on moving the catheter

about, a further, perhaps considerable, flow may occur, the end of

the instrument having passed through the hole into the peritoneum

which contains the urine—a rare piece of good luck ; on running in

a known quantity of warm saline solution no bladder tumour forms

and only part of the fluid returns ; or a suprapubic tumour forms,

but does not disappear when the bladder is emptied—a rupture on
the non-peritoneal surface exists. Before using the latter method of

examination the surgeon should acquaint himself accurately with
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the physical signs present in the hypogastrium and per rectum. The
early diagnosis of ruptured bladder is often very difficult ; it must
always be remembered that blood may come down from an injured

kidney, and that very little urine is secreted in the state of shock
in which these patients often are.

Injury of the rectum is easily discovered by examination.

The symptoms of vascular and nervous complications present

nothing special.

In the course of treatment suppuration has occasionally occurred

in the pelvic tissues even in simple cases ; but it is far commoner
in cases rendered compound by communication with the urethra and
by incisions for various purposes. The abscesses forming about the

fractures burrow in all directions, often lead to necrosis of frag-

ments, and on bursting form so many urinary fistula?. A recent

patient of mine passed all his urine through an opening situate

behind his great trochanter.

Treatment.—Transport must be most careful ; on a stretcher,

if possible, in all cases in which the ring is broken.

Nothing can be done in most fractures not breaking the ring.

A displaced sacral or coccygeal fragment may be replaced and
perhaps kept in position by a tampon round a tube. The patients

can generally get about in six to eight weeks.

In vertical fractures a wide well-padded band should be buckled
closely round the hips after any luxation has been corrected ; the

lower limbs should be kept at rest between sand-bags. The
slipper bed-pan should be used with the least possible disturbance,

and care of the back requires much skill. A framework on the

bed attached to pulleys for raising the patient may be useful,

but these appliances often allow a good deal of movement of the

pelvis. A simple case may stand in from two to three months.
Rupture of the urethra may be met by drainage, if possible with a

rubber catheter ; or by perineal incision, with search for the posterior

end and drainage of the bladder through it. Immediate suture of the

torn urethra is unlikely to succeed, and the proceeding is lengthy

and adds much to the shock. But later, if all goes well, an attempt
to resect and suture the divided ends may be made. Extravasation

requires free incisions. In ruptured bladder we have the choice

between drainage by catheter, or through a perineal cystotomy

(Mason) or urethrotomy wound, and suture of the rent. This is

most easy to perform on the non-peritoneal surface high up ; it is

most difficult in Douglas's pouch, largely on account of rigidity of the

recti. Nevertheless, suture and cleansing of the peritoneum is the

most reliable remedy. A rectal wound must be cleaned and treated

to prevent cellulitis and extravasation of feces ; the fracture being

compound in the worst way, free incisions will improve matters

should they be indicated.

Fractures of the femur.—These form 6 per cent, of all frac-

tures. They occur from all forms of violence, and at all ages
; yet

it is chieflv the shaft which is broken in the young, the base of the

B b 2
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neck, shaft, and lower extremity in the adult, and the narrow
portion of the neck in the aged. The fractures are grouped into

those of the upper end, of the shaft, and of the lower end.

Fractures of the upper end of the femur include

:

(1) separation of the upper epiphysis; (2) fractures of the

neck
; (3) fracture of the great trochanter, or separation of its

epiphysis.

1. Separation of the upper epiphysis.— Up to eighteen

months the femur is capped with cartilage representing the head and
great trochanter ; this is not known to have been torn off. Then the

neck ossifies from the shaft, and separates a centre which appeared in

the head in the first year from
another in the great trochanter

appearing in the fourth. These
epiphyses join at eighteen to

nineteen, and up to this age

either may be detached. There
is only one known case (M. 15,

run over) in which separation

of the epiphysis of the head
was proved by post-mortem
examination to have occurred

(Fig. 273). Hutchinson col-

lected over twenty cases, and
Battle gives four more, in which

rr to 1|- in. shortening, eversion,

elevation of the trochanter and
more or less crepitus were
found in patients under twenty;
but, as fracture of the neck of

the femur occurs, though rarely,

in children, clinical evidence

cannot be accepted. Bony union

seems to have occurred in all

but one, in which pseudarthrosis resulted.

2. Fractures of the neck are rare in the first and second
decennia, then increase rapidly until, from 50 to 90, they form
an increasing majority of all fractures of the thigh. Up to 50 they
are said to be six times more common in men than in women

;

after 50 they are 2| times more common in women. The fractures
in earlier life and in male adults are generally situate at the base
of the neck, whilst those in later life and in women occur generally
near the head.

The anatomy of the neck has such important bearings on the
injuries of the part, that a few words of reminder as to its structure
will not be out of place. The neck projects inwards from the shaft
at an average angle of 125° in the adult—the extremes being 1 10°

and 140°. The shorter the stature the lower the angle : hence it is

less open in women than in men. There is no reason to suppose

Fig. 273.—M. Bousseau s case of Separation of
tlie Upper Epiphysis of the Femur ; from a
boy of 15, who was run over by a cart.

h, Head ; n, neck ; p, periosteum ; c, capsule.
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that the angle diminishes in advanced age on account of senile

degeneration (page 726). At the base the vertical diameter is twice

the antero-posterior
;
passing inwards the former decreases rapidly,

the latter increases more slowly, and the two diameters become equal

a little below the head—this is the "narrow part" of the neck. In
a coronal section of the head and neck we note that the under sur-

face of the neck is formed by a layer of compact bone of considerable

thickness continuous below with the inner wall of the shaft, ending

above in numerous cancelli passing to the head. The concavity

powerdownwards and inwards of this arch increases, and its

of resisting vertical pressure di-

minishes the lower the angle of

the neck. From its upper convex

aspect most of the " pressure la-

mella3 " rise which radiate to the

great trochanter, to the upper sur-

face of the neck, and especially

to the head, and which are crossed

and bound together by the "ten-

sion lamellae " from the outer wall

of the shaft and upper boundary
of the section. More than half the

width of the head is seen to pro-

ject inwards bejond the extremity

of this strut. An oblique section

through the same parts at right

angles to the coronal plane shows
that anteriorly the compact layer

thickens to the line of attachment Fig. 274.—A Femur showing moderate Ab
£ ,i i / i j.- £ sorption of the Neck, after intra-capsu

or the capsule (capsular portion or

spiral line). Posteriorly the compact
layer is everywhere thin, and that

covering the roll-like intertrochan-

teric line seems to overlap rather

than to be continuous with the layer

on the back of the femur. The more
nearly the section approaches the small trochanter, the more clearly

do we see a layer of compact bone (calcar femorale) deep to the

trochanteric ridge ; and we find that it is a section of a vertical

plate springing from the inner wall opposite the inferior tubercle

of the neck, rising up in the line of pressure and giving origin to

many pressure-lamella?. It is said that the calcar is specially prone
to waste in old age. Lastly, it must be noted that, with the toes

turned out as usual in lying and standing, the neck slopes markedly
backwards and the great trochanter lies in a plane decidedly pos-

terior to that of the head.

From the above it seems likely that force acting in the line

of the body-weight will snap the neck at the " narrow part," and
that there will be some tendency for the compact layer under

lar Fracture. The position of the head
in the drawing was determined by care-

ful measurements of the sound bone-
In this case there was little or no union
of the fragments, and the body-weight
was transmitted to the femur by the
capsule and muscles. (Charing Cross
Museum, No. 375.)
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the neck to penetrate the substance of the head. Force acting

from the front upon the trochanter may also break the narrow

part of the neck, by driving the trochanter back; but the more
the force acts directly from the

side, the more will it tend to drive

the great trochanter on to the base

of the neck. The result of this is

that the hinder part of the great

trochanter and the intertrochanteric

line move inwards over the back of

the neck, tension is thrown on the

front of the neck and trochanter,

and the compact tissue cracks open
here usually in the immediate
neighbourhood of the capsular line.

This crack opens like a hinge, as

the posterior wall of the neck is

driven more and more deeply into

the substance of the shaft and
great trochanter, becoming im-

pacted more or less firmly in them,

or splitting them into more or

fewer fragments.

Everything tends to produce

eversion : direct force as it usually

acts from the side ; spasms of the

external rotators, the opponents
being relatively feeble; and the

weight of the limb, which -always

tends to roll out but is prevented

by the ilio-trochanteric band, the

action of which is annulled by loss

of continuity of the neck.

Varieties.—Sir Astley Cooper
divided fractures of the neck into

"intracapsular" (Figs. 274, 275)
and "extracapsular" (Fig. 276), for

which terms Bigelow proposed to

substitute " of the narrow part of

the neck " and " of the base of the

neck." For whilst fractures near
the head are wholly intracapsular,

a fracture of the neck wholly out-

side the capsule, which is in front

attached to the limit of the neck, is

impossible. But Bigelow's suggestion

has not been adopted by many,
-partly intra-, partly extra-capsular

;

—From a man aged 99. He had
fractured the neck of his thigh-bone
some years before his death, and had
been able to get about until he sus-
tained a fracture of the shaft. The
formation of sores at all points of
pressure prevented the use of exten-
sion. The neck has practically disap-
peared ; the two surfaces are smooth
and polished. The fragments of the
shaft overlap for 6 ins., and are firmly
united by bony callus. The lower
fragment is moderately everted. (St.

George's Hospital, Series I., No. 167a.)

(Pick.)

Fractures are often mixed-
and the exact seat of fracture is often a matter of doubt. Yet it is
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one of much importance ; for intra-

articular fractures rarely unite by-

bone, while those of the base of the

neck and trochanter generally do so.

Causes. — Fractures of the neck

are caused either by direct violence to

the hip, especially heavy falls, or by
indirect violence, sometimes very slight,

such as the jerk experienced from a

stumble, from missing a step or trip-

ping over something. In a few cases

violent over-extension of the hip throw-

ing heavy strain on the ilio-femoral

ligament has resulted in a fracture, as

if the ligament had torn the neck from

the shaft.

Signs.—In unimpacted fractures

of the neck, shock, pain, and swelling

about the hip may be slight or marked,

according as the cause of the injury

has been slight and indirect or severe

and direct violence. In the former

case a little patch of bruising often

appears after three or four days in

Scarpa's space. The limb lies helpless

and com-
p 1 e t e 1 y
everted,
though ac-

cidental in-

version may
be met with;

Fig. 277.—The posterior half of a
left Femur, showing union
after an impacted intracapsu-
lar Fracture, the lines of
which are clear. The neck
has been driven almost
straight into the head,
producing depression of the
trochanter, slight shortening,
and perhaps slight eversion.
(Charing Cross Museum, No.
378.)

Fig. 276.—A left Femur seen from
behind, showing a recent extra-
capsular Fracture. This injury
follows the lines shown with sur-
prising constancy ; to complete
them, the anterior limb of the V
below the small trochanter must
be carried up along the capsular
line to the cleft shown between
the neck and the upper end of
the shaft. This specimen was
from a man of 67 who fell in
alighting from a 'bus ; there
were only half an inch shortening
and slight eversion. Sudden
death occurred two days later
with dyspnoea, but no embolus
was found. (Charing Cross Mu-
seum, No. 379.)

unless swol-

len by hemorrhage, the trochanteric
region is flattened : a hollow may exist

instead of the trochanteric prominence,
and even where haemorrhage obliterates

this sign, depression of the trochanter
will be made out if the bone can be
felt and the two hips compared. The
fascia lata on the injured side is lax

owing to shortening, and can be pressed

in above the trochanter. The trochanter

is farther back than normal, corre-

sponding to the eversion (measured by
Bryant's triangle, page 751). The limb
is shortened from |- in. to 2 or even 3 ins.

and the trochanter is proportionately

raised (Bryant's triangle). Shortening is
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slight in proportion as the displacing force is slight and leaves more
or less intact such structures as the periosteum, and the retinacula

or reflections of the capsule upon the neck ; it is kept within moderate
limits if the Y-ligament retains its hold on the outer fragment; lock-

ing of the fragments will also keep it down. The trochanter, though
displaced, may feel normal or widened, or it may be represented by
loose fragments. In the outer part of Scarpa's space is a tender

bony swelling, the angle between the fragments. Passive move-
ments of the limb are painful : inversion can generally be produced
with crepitus in fractures of the base of the neck, and in such

crepitus is generally marked. In fractures near the head inversion

can scarcely be produced, and crepitus is obscure owing to in-

sufficient play between the fragments. The arc of rotation of the

trochanter lessens as the fracture approaches the base of the neck,

when the trochanter merely turns on the axis of the shaft; it

describes no arc. The minor degrees of this change are difficult

to recognise.

The following table gives the points which enable a surgeon to

form an opinion as to whether a fracture of the neck is situate

near the head or near the base :

—

Near the Head. Near the Base.

Sex, age, and
health

Violence

Bruising and swel-

ling

Early shortening

Trochanter

Arc of rotation...

Crepitus

Female : past mid-life : fee-

ble.

Slight : indirect through the
head.

Little or none : perhaps a late

patch in Scarpa's space.

4 to 1 inch.

Of normal shape.

Good.
Obscure.

Male : young or adult : strong

and healthy.

Great : direct to the tro-

chanter.

Great about hip.

1 to 2 or 3 inches.

Widened or comminuted.
Small or absent.

Easy, with extension.

But all these points taken together establish only a greater or

less probability. Shortening, in particular, may lead astray, for

it may be prevented from developing characteristically by some
accidental circumstance (Fig. 276). In the course of a few days

inflammatory softening, movements, manipulations may set the frag-

ments free, and slight shortening quickly becomes considerable.

Obviously, development of the higher degrees of shortening at once

is most likely to occur in fractures which lie just beyond the capsule.

Impaction may occur in these fractures, and generally from direct

violence. Near the head, the neck is driven into the head (rare), the

posterior wall penetrating more deeply than the anterior (eversion)

(Fig. 282), and almost always the inferior more than the superior

(Fig. 277 is an exception) owing to rotation downwards of the

head (shortening). Rarely these conditions are reversed (inversion).
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In fractures near the base the neck is driven into the shaft and
trochanter (page 838), the anterior wall cracks but does not pene-
trate; the posterior sinks deeply in beneath the trochanteric line

Fig. 2S0. Fig. 2S1.

Figs. 27S and 279.—Union after an impacted Extracapsular Fracture, due to a Fall on the
Hip : from a woman of 80. Fig. 27S shows that the base of the neck was driven deeply
into the shaft and trochanter. Fig. 279 shows that much of the great trochanter, the inter-

trochanteric Hue and the small trochanter were split off, and have become united after
displacement. In this case there was no eversion, and hut slight shortening or flattening.

(University College Museum, No. 247.)

Figs. 280 and 281.—Fiont and hack Views of a light Femur repaired after an impacted extra-

capsular Fracture. The callus is in large amount and forms a collar round the lower
attachment of the capsule. The head and neck form an acute angle with the shaft, and
the shortening was probably 2 ins. ; there was no eversion, and probably no flattening.

(University College Museum, No. 24S.)

(eversion). At the same time the head moves downwards (shorten-

ing, the amount varying much) in a circle round the base of the

neck, and the lower wall of the neck passes deeply into the can-

cellous tissue of the top of the shaft (Figs. 280, 281). The special

signs of these impacted fractures are more or less shortening, generally

B B *
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less than in the average unimpacted case ; eversion ; full inversion

impossible; retention of more or less power over the limb, even
ability to walk, especially in intracapsular cases ; but, often, the limb
is perfectly helpless ; the arc of rotation is good in both cases—far

better in the impacted fracture of the base of the neck than in the

unimpacted ; crepitus is slight or absent. To distinguish between
the impacted fractures of the base and of the narrow part of the

neck the best points are the greater shortening, the greater depres-

sion, and the widening of the trochanter in the former. In im-

pacted fractures of this region manipulations should be conducted
with special care ; for in the intracapsular fracture impaction offers

the best chance of bony union.

Diagnosis.—A bruise of the hip may render the limb quite help-

less, and cause it to be everted ; it

may, naturally, be a little shorter

than its fellow : swelling may prevent

examination of the trochanter ; inver-

sion may be resisted. Under these

circumstances the patient should be
kept in bed with the legs between
sandbags ; the symptoms will soon

pass off if the injury has been a

bruise only. A severe bruise of a

joint, which is the seat of advanced
rheumatoid changes, leading to shorten-

ing and grating, offers many difficulties.

In fracture of the acetabulum, with
entry of the femoral head into the

pelvis, the shortening is slight, depres-

sion of a normal trochanter very great,

and a swelling is felt per rectum

;

probably an extensive fracture of the

hip-bone can be detected. Disloca-

tion of the femur on to the pubes is

spoken of as resembling fractures with eversion ; the everted dorsal

is somewhat more like ; the ordinary dorsal dislocation is like frac-

tures with inversion, inasmuch as inversion is present in it also.

But in all other points—the characteristic position of each disloca-

tion, the presence of the head where this position indicates, the

limited mobility, the absence of crepitus, the mode and phenomena
of reduction—the fractures are absolutely different from the dis-

locations.

Prognosis.—Danger to life in these injuries is considerable ; espe-

cially in those due to slight violence in feeble old people, in whom,
when confined to bed, hypostatic pneumonia, bed sores, delirium soon

come on, and death quickly ensues. The more severe injuries kill by
shock. As to function, fractures at the base of the neck practically

aiways unite by bone : large masses of callus are found binding the

neck and trochanteric fragments together as in a collar, sections

. 282.—Bony Union after an intra-

capsular Fracture, the line of
which is clear. The position of
the trochanter, with its outer
surface looking backwards, shows
that eversion has been extreme

;

shortening was probably not more
than half an inch. In this case
the posterior part ofthe neck may
have been impacted in the head.
(Charing Cross Museum.)
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showing little real blending between the neck and the bone around it

(Figs. 278—281). As we pass towards the head the tendency to bony-

union gets less and internal to the middle it rarely occurs. The reasons

assigned are, that in the absence of impaction, which is less common
than at the base, it is difficult to fix the fragments together ; that the
head receives no arterial supply—the branches of the sciatic artery

entering the neck behind being torn through, and the vessel in the

ligamentum teres ending in a loop at the bone ; that the subjects are

often feeble and both fragments degenerate. If the fragments be
held together by im-

paction or otherwise,

bony union (Fig. 282)
or short fibrous may
occur; as a rule there

is no union between
the fragments, or

merely a few long-

bands. Then the outer

fragment mounts until

the soft parts, espe-

cially the Y-ligament

and the obturator in-

tern us, prevent it from
going farther, and
sling the body from
the top of the femur

;

the neck wastes and
disappears (Fig. 274),

and the head in the

acetabulum generally

rests against the femur
in the neighbourhood
of the small tro-

chanter. Rarely a

mass of new bone is

thrown out from the

ilium as a kind of socket against which the trochanter can play

(Fig. 283). Lameness results from these injuries, especially from the

ununited intracapsular ; but with a high boot and a stick even these

patients may get about fairly. Sometimes no weight can be borne
on the limb.

3. Fracture of the great trochanter: separation of
its epiphysis.—Both are uncommon. The latter occurs up to

eighteen. Both injuries are due, as a rule, to direct violence,

though a few cases seem to show that muscular action may tear off

the process.

Signs.—Local swelling, pain, and tenderness : the fragment is felt

movable and yielding ; softer or harder crepitus if the torn surfaces

can be approximated ; or there may be little displacement, but the

283.—An old intracapsular Fracture. Most of the neck
has been absorbed and the fragments seem shaped to fit.

Above the acetabulum is a large projection of new bone,
against which the lower fragment must have rested.

(University College Museum, No. 235.)
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fissure between it and the shaft may be felt. There is no shortening :

no interference with passive movements of the hip or with the

weight-bearing power of the limb. Union will probably be bony,

and, unless the fragment is pinned in position, should be facilitated

by abduction of the limb. The results could hardly be worse than
they have been in eleven cases of separation of the epiphysis

collected by Hutchinson : six suppurated and five of them died.

Fig. 2S7Fig. 284. Fig. 285. Fig. 286.

Fig. 2S4.—A left Femur united after Fracture at the Junction of the upper and middle Thirds.

It shows the usual deformity—slight flexion and abduction of the upper fragment,

behind and internal to which is the lower fragment; everted. (Charing Cross Museum,
No. 3S5.)

Fig. 285.—Another Femur fractured about the same Spot, but downwards and backwards.
° The lower fragment lies in front of the upper and has prevented flexion. Abduction of

the upper fragment is slight, but eversion of the lower is marked. (Charing Cross

Museum, No. 3S(3.)

Fig. 2815.—A comminuted Fracture of the right Femur above the Middle. The upper frag-

ment is moderately flexed and much abducted ; there is no eversion of the lower. The
deformity suggests that a Liston's long splint may have been responsibje for it. (London
School of Medicine for Woman.)

Fig. 2S7.—A very oblique Fracture ofthe left Femur firmly united by strong Bridges of Callus

in spite of marked separation of the Fragments. The upper is adducted, the lower is

drawn up 2 ins. (University College Museum, No. 266.)

Fractures of the shaft of the femur.—These are common
injuries throughout life ; they are most numerous below ten, and

diminish in frequency as age advances. They arise from direct.
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indirect, and muscular violence. The line is sometimes transverse,
but usually oblique.

Signs.—All the signs of fracture are generally present, but the
size of the thigh may render their detection difficult. Except in
transverse fractures, with little or no displacement, there is always
shortening from the action of the hamstrings and quadriceps ; when
there is no shortening, angular deformity forwards and outwards,
due to the hamstrings, is

often present or is developed
by any endeavour to raise

the limb voluntarily. Ever-
sion of the limb below the
fracture is present in all but
greenstick fractures, fractures

without displacement, and a
few cases in which violence

or accident in loose cases has
inverted the foot.

In the upper third the

upper fragment generally

points forwards and rather

outwards owing to the almost

unopposed contraction of the

ilio-psoas and glutei (Figs. 284,

285) • probably the lower frag-

ment, which has dropped back
and is then drawn up, often

pushes the upper fragment
forwards, and keeps it in this

position (Pigs. 286, 287), or

in some other direction (Fi^.

288). On the other hand, if

the line of fracture be unusual,

and the lower fragment lies

in front of the upper, the

above deformity is prevented
(Fig. 285).

Fractures of the lower
end of the femur.—Here we have supra-condyloid fractures, trans-

verse or oblique, from behind downwards and forwards (Fig. 288)

;

T- and Y-shaped fractures (Figs. 211, 289), often comminuted ; sepa-

ration of the lower epiphysis ; fractures of the condyles.

In all the above, unless interlocking prevent it, shortening

will occur, and unopposed flexion of the lower fragment upon
the tibia by the gastrocnemius. The latter displacement should

always be looked for : if it be missed, either there will be no union,

or the patient will recover with a straight leg but a flexed knee
(Fig. 290). There is a tendency also for the lower fragment to drop
backwards away from the upper. The rough end of the flexed

Fig. 28S, A compound snpra-condyloid Fracture
—oblique, downwards and inwards. The shaft
projected 2 ins. through the slrin, internal to
the patella, and its end has undergone necro-
sis. (St. Bartholomew's Hospital Museum,
No. 756.) (H. Marsh.)
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Fig. 289.- An irregular Y-
Fracture of the lower End
of the Femur, one arm of
the Y being prolonged up-
wards on the inner side to
the top of the lower third.

The pointed shaft was im-
pacted in the outer con-
dyle, of which it depressed
the anterior end. The
inner condyle was pressed
a little upwards before
union occurred. (Univer-
sity College Museum, No.
2S3.)

fragment is towards the vessels and nerves

of the popliteal space, and this spot is one

where vascular complications are specially

frequent. The T- and Y-fractures are due
to direct violence or to penetration of the

lower end of the shaft into the lower end,

splitting it up (Fig. 211); firm impaction of

the pointed shaft into the lower end may-

persist (Fig. 289).

Separation of the lower epiphysis
(Fig. 291) has generally been due to forcible

twisting and angular movements, as when the

limb is caught between the spokes of a wheel

;

direct violence will also

push it off. Generally

the epiphysis is carried

forwards (Fig. 290), and
the lower end of the shaft

forces its way through
the periosteum into the

popliteal space, when the

vessels and nerves will

be drawn tensely over

it ; other displacements,

causing great deformity,

occur. The results have
heen bad (Hutchinson).

Of twenty-eight simple

cases sixteen were well

reduced and recovered

;

in twelve reduction was
imperfect—six sloughed

or suppurated, four requiring amputation, one
excision of the knee, and one resection of the

end of the shaft. Among the compound cases

amputation and deaths from pyaemia were still

more numerous : five cases in which the pro-

truding diaphysis was cut off did well. Doubt-
less there are many pure and mixed cases in

which there is little or no dislocation, which do
well and are never recorded.

Fractures ol the condyles are rare, and
generally occur from blows or falls on the bent

knee. Such a fragment as is represented in Fig.

292 would probably be felt to move in certain

positions of the joint, with crepitus and the de-

velopment of genu valgum. Sometimes the

condyles are comminuted ; again, only a small

bit is chipped off and forms a loose body.

290.—Separation ol

the lower Epiphysis
of the Femur, Flexion
of the lower Fragment,
Displacement back-
wards of the upper
Fragment, followed by
bony union. From a
girl of 17. Three years
earlier her limb had
been caught between
the spokes of a wheel

;

after this injury the
knee remained "pain-
ful and swollen, and
she had a halt in walk-
ing." After three years
extensive suppuration
occurred and amputa-
tion was done by
Liston.
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This would very probably be missed until

the blood was absorbed from the joint and
use of it had begun.

Treatment of fractures ©f the
femur.—In feeble old people the effects

of an accident to the lower limb, espe-

cially about the hip, and the consequent
confinement to bed, must always be borne
in mind. In a fracture of the narrow part

of the neck, in which bony union cannot b§
looked for, there will not be much hesita-

tion, except on the score of pain, in get-

ting the patient up early should this seem
desirable ; but it may be necessary to do so

in other cases—to sacrifice the ideal treat-

ment of the fracture to saving the life of

the patient.. Whilst in bed a good diet

should be allowed, and frequent small doses

of some stimulant are probably useful. Any
change of position that can be permitted

should be arranged for. The greatest care

must be taken in these cases to avoid

moisture, and either mechanical or chemical

irritation of the back. Although s, rubber

layer beneath the drawsheet is undesirable,

in many cases,

291.—A mixed Separation
and Fracture of the lower
Epiphysis of the Femur
starting within. The fissure

runs more than half-way
across the bone in the plane
of the epiphysial disc, then
mounts rapidly and ob-
liquely to the outer surface.

Acute suppuration resulted,
and the parts shown were
excised. (Charing Cross Mu-
seum, No. 391.)

Fig. 292.—A right Femur, of which
rather more than the 'whole tibial
Surface of the external Condyle has
been separated by fracture. (Univer-
sity College Museum, No. 283a.)

it cannot be avoided
if an air or water pillow be used, and
one is often desirable in these cases

;

then a sufficient layer of porous ma-
terial

—

e.g. tow—should cover it to

absorb all moisture, and allow of

some ventilation and evaporation. A
slipper bed-pan should be used.

Washing and rubbing of the back
must be regularly performed, the

patient being raised by a sufficient

number of assistants to do it easily,

or being rolled on to the sound side

by one nurse taking the pelvis and
shoulder whilst another sees that the

limb turns comfortably in a circle,

having the opposite trochanter as

centre. A dusting powder containing

boric acid Jij to ^j is helpful. Frac-

ture boards should always be laid

across the bed-frame beneath a thin

mattress, to reduce to a minimum
the sinking of the heavy pelvis carry-

ing the upper fragment with it. All
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mechanical arrangements for raising patients from the bed for

nursing purposes permit this sinking to a marked and painful

degree.

Fig. 293.—-Volkmann's sliding Foot-rest.

In most fractures of the thigh we have to deal with longitudinal

and rotatory displacement (shortening and eversion), and often with
angular ; there is often a tendency for the lower fragment to drop

back and separate from the upper. Shortening is specially met by

Fig. 294.—A running CradJo for Extension.

extension, the remaining deformity by the " setting " of the fracture,

and by the application round it of splints, etc., to press the

fragments into place, and prevent their displacement. Extension to

be efficient should be constant—either elastic or by weight ; the

latter is generally the better. In all cases, friction should be
reduced to a minimum, to diminish the drag upon the limb. As in

some fractures it is desirable to raise the lower fragment to the
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level of the upper, extension may have to be made in all lines

between the vertical and horizontal. As to rotatory deformity, it

must be borne in mind
that, when at rest, the
thigh is permitted by the

ilio-trochanteric band to

roll out, until the feet

point up and out, and form
with the vertical an angle

of 45° to 50°. The degree

of rotation of the sound
limb should be noted, and
the injured one should be
"set" at the correspond-

ing angle. The structure

of many splints is such
that they are calculated to

fix the foot in the vertical

position ; but no splint

will prevent rotation out
of the upper fragment un
less the hip be flexed.

To carry out the above
indications we have many
methods and splints.

(1) Simple horizontal

extension.—A long wide
strip of stout strapping is

carried on each side of the

leg and thigh up to' the

fracture, or even a little

above it if the injury is

low, so as to form a stirrup

4 to 5 in. long below the

sole. Narrow (| in.) strap-

ping coiled obliquely round
the limb from below up
helps to fix this, as also

does a roller firmly applied

over all. The stirrup is

held open by a " spanner "

of wood, a little wider than
the bi-malleolar measure-

ment, with a hole through
the centre ; through this a
stout cord is passed and knotted towards the sole, the other end for

the weight being passed over the pulley. To diminish friction, the

distal portion of the limb may be laid in a Hodgen's wooden cradle,

or some corresponding trough, and the transverse bars beneath this

Pig. 295.—Treatment of a fractured Thigh by short
side Splints and Weight Extension between
Sandbags.
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ai'e laid upon a couple of wooden "knife-edges" raised above the

level of the clothes by two stout cross bars, to the upper surface of

which the knife edges are screwed (Fig. 293); or the limb may be
laid on a padded board (cradle) running by means of four castors on
another board (tray) with raised edges (Fig. 294). The lower castors

should raise the foot-end a little, and the limb is kept on the cradle

by a few wooden pegs in lateral holes, to which the foot is fixed in

tfW-ElSSB

Pig. 296.—Liston's long Splint.

proper position. A comparatively light weight becomes effective

when one or other of these appliances is used. Counter-extension is

made by raising the foot of the bed. When there is no shortening,

extension may be used as a comfortable means of fixing the limb

:

in addition, a sheet may be thrown over the limb, and in it, upon
each side, a long heavy sand-bag is rolled up till it lies close to the

limb placed as may be desired
;
pins through the sheet now fix the

bags so that they keep the sheet tense. A limb may thus be very
securely held : but friction is so great that there is no real " exten-

sion " acting.

Extension plus a broad well-padded band buckled firmly round
the trochanters is a good way of treating fractures of the neck.

Extension plus short side splints (Fig. 295) is an excellent method
of treating many fractures of the middle portion of the shaft. Exten-
sion and counter-extension are made to reduce the shortening, and
maintained while four short kettleholder splints padded with a layer

of boric lint are laid round the limb, and fixed by two or three

webbing straps and buckles drawn firmly round them, The upper

Fig. 297.—Linton's long Splint applied without a spiea so that the perineal hand might be seen

and lower fragments should now rotate together, but a little extra

support is given to the outer side of the foot by the stirrup.

(2) Liston's long splint maintains horizontal extension, and llxes

the fragments and all the joints concerned. The splint is ^ to ^ in.

deal, 3 to 4f in. wide, and long enough to reach from below the axilla

to 5 or 6 in. beyond the foot ; it has two notches at its lower, two
holes through its upper end (Fig. 296). The limb below the fracture

is firmly attached to the splint by four figure-of-8 turns round the

splint and dorsum of the foot, and through the terminal notches,
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after which the roller is carried up to the fracture. Extension is

now made upon leg and splint, and, when a satisfactory result has
been obtained, the counter-extending perineal band is tightened.

The upper end of the splint is fixed to the chest by a 12-im
bandage fixed to it, and
carried backwards to the

other side and round the

trunk two or three times.

Lastly, a hip spica is gener-

ally applied. This splint now
connects the two fragments

solidly, and they are held

apart by the perineal band
acting on the top of the

splint, and the turns through

the notches acting on the

bottom (Fig. 297).

It is usual to split the end
of the bandage, tie the ends

through the holes at the top

of the splint, and carry the

bandage down between the

splint and the pad. The
latter is left long enough to

pass round beneath the sole

and cover the dorsum of the

foot, a position given to it

by the first turn of the band-

age ; the foot is thus well pro-

tected from pressure. The
perineal band may be made
of a silk handkerchief sewn
round a firm sausage-like roll

of tow, 9 in. long, placed in

its centre. The roll may be
made of thick rubber tubing,

tied at each end to a tape;

this is both more cleanly and
comfortable. Before begin-

ning to bandage, the band is

placed with its centre oppo-

site the tuber, and its ends
are drawn through the holes

in the upper end of the splint,

and tied loosely. With the

long splint some combine a
large plaster splint, moulded ')

"~
"jj^^-g ^--~-

to the front Of the upper part Pig. 298.—Treatment of a fractured Thigh by short

Of the thigh and groin ; it is shC
e

et

SplilltS
'
*** the long Splintand Sc°tch
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thought to repress the upper fragment. There are many ob-

jections to the long splint. It is uncomfortable, and tends to

ride forwards and inwards ; this is met to some extent by

dropping the lower end into a vertical slot, and by using a broad

strap instead of a body bandage. The dorsum of the foot and, still

more, the perineal region may get sore ; the latter always gets very

foul. The tendency of the bandage is to draw both fragments out to

the splint, thus altering the shape of the femur (Fig. 286), and the

perineal band and spica pull the upper fragment forwards and out-

wards. If the foot is firmly bandaged, and the splint kept vertical,

rotatory deformity should result.

(3) The long splint and Scotch sheet are an improvement on the

above. A plain board of the above dimensions is used simply to

fiK the joints. Four short splints are buckled round the thigh,

. 299.—Treatment of a fractured Thigh by short side Splints of newspaper and extension
between the ring and foot bar of a Thomas's knee-splint. A firm bandage should be carried
round both splint and limb from above the heel to the ring.

and the limb is slung to the splint by the " Scotch sheet," as shown
in Fig. 298. A broad bandage binds the splint to the body.

Weight extension from the limb can be added. The splint is kept
in position by being dropped into a vertical slot. The only advan-
tage of this apparatus over extension and short splints is that the

movements of an unruly patient are, to some extent, controlled

;

and discomfort is in proportion to the control exercised.

(4) Thomas's knee-splint.—Extension straps are adjusted. Short

side splints, which are very comfortable when made of newspapers,

are buckled round the fracture, shortening and rotatory deformity
being first corrected. Then the splint is put on, pushed up firmly

against the tuber, and the shoulder strap is buckled. The extension

straps are now drawn tight and wound round the foot-piece or a
special bar ; a firm bandage round splint and limb finishes. When
everything is satisfactory a silicate bandage may be applied, rendering

the apparatus " permanent." In this the limb is most securely

fixed, and the whole can be moved about freely (Fig. 299). The part

may be left lying1 or sluno- in a Salter's cradle, and this should be
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done if there have been any tendency to tilting forwards of the

upper fragment. Elastic extension is easily arranged.

When angular deformity is present, horizontal extension and
repressive splints have a certain element of force about them. It is

Fig. 300.—Treatment of a fractured Thigh by the double inclined Plane and Extension
in the line of the Thigh.

a common practice to raise the lower fragment into the line of the

upper, and to maintain extension in this line.

(5) The double inclinedplane for one or both limbs was the earliest

form of apparatus having this object. The angle between the two
planes can be varied as required. A frame such as that shown in

Fig. 300 is easily and quickly made, the double inclined plane is

that part on which the limb rests ; but the third leaf allows of

variation in the position of the trunk. In some cases of fracture

Fig. 301.—Hodgen's Splint.

of the neck in the old and feeble it may be sufficient to use the

sound limb as a splint and to fix the other to it at knee and ankle, with

wool pads intervening; the usual firm band should be buckled

round the trochanters. A better plan, and no more trouble, is to

maintain extension as shown. The leg may be fixed to the lower

plane and the angle be so arranged that the body-weight maintains

slight extension.

The principle of the double inclined plane is carried out in a far
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less cumbersome way and with many advantages in Hodgen's splint

shown in Fig. 301. The limb with extension stirrup and spanner

attached is laid between the bars, and the cord is tied to the bottom

of the splint so that the upper ends may lie comfortably below the

anterior spine and groin. A few strips of flannel are passed behind

the limb and fastened tautly with pins to the bar on each side.

The slings are now fixed to the frame, and by drawing down the

wooden stop on the cord the limb is

slightly raised (Fig. 302). The tension

necessary in each band can now be

perceived, and they are rapidly put on

so as to overlap well and form a firm

cradle. By altering the tension of

certain bands and changing the angle

of traction, the lower fragment

Fig. 302.—Hodgen's Splint applied. The splint used has a second bar to adapt it to Bloxam's
cradle. The bandage round the limb only secures the extension stirrup, which is tied to

the end of the splint. The limb is comfortably slung between the bars by the strips of

bandage. The extension pole is shown, passing the foot of the bed, which is raised ; the
extension cords, from the splint, are attached to the pole high up.

raised to the upper, any prominence of which should disappear.

When there is no angular deformity the two fragments rise

together. Countet extension is obtained by the body-weight,

the foot of the bed being raised. Excessive rotation out of the

leg is opposed by the extension stirrup, friction of the flannel

bands against the limbs, and slight flexion at the knee. In

this splint the limb swings comfortably ; fractures with and without

angular deformity can be equally well treated in it, even the supra-

condyloid fracture with flexion of this fragment, if it be. possible to

overcome the deformity by splint only ; the nursing is easy, for the

patient soon learns to lift himself by his sound leg and arms up and

awav from the extension cord, or he can be lifted in this way, so as
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to maintain constant, comfortable extension. It is an admirable splint,

for compound fractures, as it can be included in an antiseptic dressing,

the bands being sterilised Ua;».

and changed one by one at

the dressings. It appears

to be clearly the best all-

round splint for treatment

of fractures of the thigh;

thoughThomas's knee-splint

has the advantage that, in

cases for which it is suitable,

it gives greater freedom, the

patient being able to get

up, and even to walk.

Fig. 303.—Bryant's vertical Suspension Method—weight-extension being used. The left leg is

loosely fixed by a clove-hitch round the ankle and the shoulders are fixed by a webbing
brace with arm-holes, buckled round the chest and tied to the sides of the bed-fraine.

(6) Nathan Smith's anterior splint is a narrow wire framework,

moulded to the front of the limb from groin to ankle with the knee
moderately bent ; two or three layers

of boric lint form a pad. The limb is

attached to the splint by a few bands
and then slung to a hook above the limb
so that little or no extension is obtained.

Further support is given by more bands
or by a continuous bandage. It is hard
to imagine a case for which Hodgen's
modification would not be better.

(7) Bryant's vertical suspension is

the most satisfactory mode of treating

children. Fig. 303 explains most of

the points. Bryant recommends that

both limbs should be flexed to 90° at

the hips with an extension stirrup on
each, and that the stirrups should be
tied together over a bar at such a height

that the sacrum barely touches the bed.

At the Paddington Green Children's

Hospital only the injured leg is raised,

and it is kept suspended by a weight sufficient, with slight assist-

ance from the nurse's hand under the sacrum, to raise the pelvis

from the bed extension is thus maintained even when the child

Fig. 304.—Leather Hip Splint, lined
with chamois and provided with
buckles.
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is moved. The sound leg is fixed by a clove-hitch round the ankle

to the bed-frame and generally the shoulders are fixed by a web-
bing band which leaves the arms free. A long back splint and
short side splints of Gooch's material give additional security,

but are not always necessary.

Fractures of the neck in old -people which are not expected

to heal may be treated by the pelvic band and either horizontal

extension, the double inclined plane and extension in the line of

the thigh, or Hodgen's splint. If all goes well, they may lie thus

for three to four weeks, having the hip massaged till tenderness and
pain on movement have gone. Then, with a leather hip-splint (Fig.

304), a starch spica getting a good grip upon the thigh, or a special

splint with a joint that can be locked straight opposite the hip, with
a high heel on the sound side and a pair of crutches, the patient will

begin to get about. After two to three months some weight can be

borne on the broken limb ; the high heel should be removed and the

heel on the injured side raised. Gradually a stick will replace the

crutches. If circumstances require it, the move out of bed must
be made at an earlier date.

All these splints except the last render sitting impossible ; so,

too, does a single Thomas's hip-splint, which can be applied with a

water-glass bandage, and enables a patient to move about early.

This seems to be the chief point— some exercise to ward of!

hypostasis.

Fractures of the neck in which bony union is expected are prefer-

ably treated with a pelvic band and Hodgen's splint, or with simple

extension ; eight to twelve weeks must be allowed for union ; but
generally after six weeks the patient may get up with the hip fixed

by a Thomas's splint or starched bandage.

Impacted fractures of the neck should be carefully handled
and comfortably placed till union has had time to occur. Great
deformity might lead one, in fractures apparently of the base, to

break down the impaction and treat as usual. Southam has recently

carried out this treatment with good result.

Fractures of the shaft in adults are best treated with a Thomas's
knee-splint, a Hodgen's splint, or with short splints and horizontal

extension. In young children vertical suspension, in older children

Thomas's splint, are preferable. Union takes five to six weeks in

children, seven to ten in adults.

Supra-condyloid fractures.—If there be no angular displace-

ment a Thomas's splint or horizontal extension between sandbags

will give a good result. When the characteristic flexion of the

iower fragment is present, the double inclined plane with extension

in the line of the thigh occurs as suitable ; some have apparently

found it so, but the grip on the lower fragment may be insufficient

to preveiit marked shortening, and the lower fragment tends to

drop back from the upper. Hodgen's splint is more likely to succeed.

Should these methods fail, we must, on Bryant's suggestion, divide

the fcendo Achillis, and then treat by horizontal extension, or a
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Frac-

Fig. 305. Fig. 306.

Fig. 305.—A Patella repaired after a "starred
ture which broke it into four pieces ; all have
united by bone after slight displacement, but union
is weak everywhere, and at one spot, absent (Uni-

versity College Museum, No. 290.)

Fig. 306.—A Patella from the outer edge of which a
Fragment has been broken by a longitudinal Cleft.

Bony uniou has occurred. (University College

Museum, No. 291.)

Hodgen, allowing the foot to drop. Treves speaks highly of this

practice, but he uses the long splint after the tenotomy with heavy
extension from it—sometimes as much as 40 lbs.

Fractures of the condyles and other fractures within the knee
are best treated with a
Thomas's knee-splint.

Fracture of the
patella. — Fractures of

the patella form 1-4 per
cent, of all fractures.

They are very rare under
twenty, commonest up to

fifty, but occur even in

old age. They are far

more frequent in men
than in women (13 to 1).

These fractures may be
due to direct violence,

when the bone may be
comminuted, or "starred"

(Fig. 305), or split longitudinally down the middle (rare), or a

bit may be chipped from a lateral border (Fig. 306)- the skin

may be damaged even to laceration by the fall or blow, ren-

dering the injury compound. Far more often they are caused

by muscular action, bending and finally cracking the bone across

the convex femoral condyles. When a person misses a step, or

stumbles and makes a strong effort to pull himself up, the knee
being already bent in the fall, the patella rests on the condyles

by a comparatively narrow
transverse surface ; and the

piece above this surface is

a longer or shorter lever

upon which the quadriceps

acts. The resulting fracture

is generally transverse, but

may be markedly oblique.

The fragments vary much
in size, being sometimes

equal, again very unequal

;

now the upper, now the

lower is the smaller. In
cases from direct violence

the surroundingfibrous tissue

(periosteum, fascia, and
aponeuroses of the vasti

muscles) are not much torn,

the fragments do not separate

much, and union by bone, though not very strong, is usual (Fig. 305).

But muscular action tears the fibrous coverings of the bone, and the

Fig. 307.—Union of the
Fragments of a trans-

versely fractured Pa-
tella by a thin fibrous

sheath 4 ins. long.

(Charing Cross Mu-
seum, No. 403.)
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rent may extend into the fascia lata and the aponeuroses of the vasti

when the force is great and continues acting after the bone has
yielded, and whilst the knee is bending ; the gap between the

fragments varies accordingly from a narrow cleft to a gap of some
inches, and union is almost always by a shorter or longer, thicker

or thinner fibrous bond (Fig. 307). A patella may be broken twice

and even thrice : usually one of the fragments breaks, not the fibrous

bond, though this does happen and the skin has torn with it.

Symptoms.—A loud snap is often heard as the bone gives.

Rising from the ground after the fall is a matter of difficulty. A
groove indicating the gap between the fragments is often seen. But
the joint quickly swells, as a rule, and the outline of the synovial

membrane becomes clear ; bloody fluid oozes through the fracture and
forms a prominent rounded swelling in front of the patella : fluctua-

tion between the intra- and extra-articular collections may be ob-

tained ; through this, and especially towards the margin, a transverse

or otherwise directed fissure can be felt, and the fragments can gene-

rally be seized, approximated and rubbed together. Any more or

less transverse gap is widened by bending the knee or by endeav-

ouring to straighten it ; as a rule there is no power of extension,

but with starred and longitudinal fractures, and even with narrow
transverse ones, accompanied by little tearing of fasciae, the patient

may be able to lift his heel from the bed. Standing is possible, for

the knee extends beyond the right line and locks ; but walking-

straight forwards is generally impossible—the patient finds that he

must either go backwards dragging the extended leg after him, or

go forwards, everting the damaged limb completely and bringing it

forward with his adductors. On removing the fluid covering it, if

necessary, the kind of fracture and the size and separation of the

fragments are noted. In the transverse variety, the torn surface of

both fragments is more or less everted, especially that of the lower.

A good deal of synovial irritation results, but not sufficient

to excite even warmth of the skin. More or less of the blood clots

—sometimes early, sometimes late. The fluid part is diluted by
effusion from the synovial membrane, and as tension increases the

fragments are forced apart. The fluid is then absorbed ; the clot

may become organised, and form adhesions. Clot adheres closely

to the fractured surfaces, filling every chink, and becomes replaced

by callus. The apparent causes of fibrous union in transverse fracture

are : the separation of the fragments is usually considerable owing
to muscular action, effusion and tilting on the condyles ; the fibrous

tissue on the surface of the patella is generally torn up in a flap

connected with one or other fragment, and this flap falls into the

gap, thickens and adheres quickly to the raw surface ; lastly, immo-
bility cannot be secured. But there must be something else, for

transverse gaps are often very narrow, the bony union of starred

and longitudinal fractures is often feeble (Figs. 305 and 306), and

even after wiring, if narrow gaps occur from imperfect fitting, they

may fail to fill with bone.
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Treatment.—The usual plan is to elevate the leg to 45° with a
back splint and to raise the back to 45° on a bed-rest, and thus
throw the rectus out of action. Ice is packed round the knee to
limit effusion, or pressure is made over a mass of cotton wool round
the joint. After twenty-four hours, or sooner, if swelling has
ceased, the fluid is drawn off with an aspirator with all cleanliness

;

the fragments are then gently pressed together, and an endeavour
is made to retain them in position by U-straps, one above the upper,
one below the lower fragment, drawn towards one another; by
figure-of-8 turns of narrow bandage above and below the fragments
taking a hold upon a couple of hooks or screws on the back
or upon notches cut in the side of a back-splint ; or by Sir A.
Cooper's plan of laying a couple of strips of calico bandage on each
side of the patella and of tying closely round the limb over these

above and below the fragments a couple of wet strips of the same
kind ; the two longitudinal strips are then tied on
each side of the patella so as to approximate the

fragments. The circular constriction of the limb
in Cooper's plan is objectionable, and all straps and
bandages used to drag the fragments together must
be watched lest they cut the skin. Some apply a
plaster bandage over wool before swelling occurs,

or after aspiration ; the patient goes about on
crutches after a week. A fixed splint is applied

also after four to five weeks of the earlier-mentioned

methods of treatment : it is worn for two to three

months, then the patient is allowed to walk with Fig. 308.—ALeathei

a leather knee-cap (Fig. 308), which permits but Knee-Cap.

little flexion, and this is worn for four months more.

In different hands the average result of the above methods is

about the same—short fibrous union in most cases. The knee is

stiff on removal of the apparatus, the limb often cedematous.

Motion may return quickly, or slowly, and in either case the

bond of union may stretch. No attempt forcibly to hasten the

return of movement should be made; it will come in time. If

massage were practised function would probably be earlier restored.

The limb in the majority of cases is a very useful one, and for

ordinary walking does well enough ; but the thigh is smaller than
its fellow and more or less weakness comes out in running, weight-

carrying, climbing, descending stairs, etc. The limb is not so

reliable as its fellow. Extension of the knee and swinging the leg

forwards are the feeble movements. Though, as a rule, feebleness is

proportionate to length of bond, it is not always so; some long

unions have done excellent work, while some short ones have been
useless.

Malgaigne's hooks (Fig. 309) have been used freely by some
surgeons since antisepsis has enabled them to avoid the inflammatory

troubles which occasionally started in the punctures. Aspiration

should be performed. Then a tenotomy knife prepares the way down
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to the bone for each point, and the hooks are inserted, each taking a

firm hold superficial to the synovial membrane ; the hooks are then

screwed together till the fragments lock, and are left in six weeks

;

the punctures are dressed with iodoform powder or paste (made with

1 in 20 carbolic solution) and a little gauze and wool over all. The
union is generally fibrous, and the after treatment must be as above

to prevent stretching.

In view of the length of time occupied by the above treatment,

of the constant permanent inferiority of the injured limb leading

with undue frequency to fracture of the other patella, and of the

occasional very unsatisfactory results, Lister, in 1883, proposed that

recent fractures from muscular action should be treated by wiring,

with the proviso that no one should do the operation who could not

keep the wound sweet. The operation is by no means easy in a

simple transverse injury, and it becomes more difficult with oblique

or irregular surfaces to

obtain good coaptation. A
flap, base in or out, should

always be raised large

enough to cover the whole
deep wound ; the joint is

cleaned of all fluid and clot

:

clot is scraped from the

broken surfaces and hang-

ing tissues are cut away

;

if there is any difficulty in

obtaining accurate contact

two sutures (Fig. 310)
should be passed, one on each side of the middle of the fracture. The
bone should be bared where a hole is to be drilled and two artery for-

ceps nipped on to the fibrous tissue reflected as guides to the spot. The
drilling can be done with an ordinary bradawl, but is more likely to

be accurate if done with less effort by a dental engine. A Thomas's
hollow needle or an aspirator needle of suitable size is useful for

passing along the channel and withdrawing that end of the wire
which must be passed from the broken surface ; the sutures are of

T£-inch silver wire ; they are drawn tight, twisted, cut short, and
hammered down ; any capsular rent is sewn up, the wound closed,

the limb fixed in a Thomas's knee-splint, and a large compressive

dressing applied. The splint may be removed on the third day.

As soon as the wound is healed, the patient should be drilled daily

into moving the limb. Bony union is obtained, and the patient is

walking in five to six weeks.

The results of the operation vary greatly with the surgeon.

Many cases have suppurated, great dangers have been run, knees
have become ankylosed, or amputation has been required ; even
where all has gone well, prolonged pain and stiffness have resulted

;

re-fracture, too, has occurred from imperfect union, the skin some-

times tearing. But strong bony union has generally resulted, the

Fig. 309.—Malgaigne's Hooks.
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—Lister's Method of
wiring the Patella. Wires
in situ, ready for drawing
tight, (A. E. Barker.)

limb soon becoming as good as ever. Each
surgeon must decide for himself whether and
when he will undertake in recent cases an
operation having such possibilities. It is a
different matter in old cases of disabled limbs.

Some attempt must be made to relieve by
resecting the fibrous bond and bringing the

fragments together after sufficiently free divi-

sion of retaining tissues. But for septic

failures, the results of these difficult opera-

tions have been good.

To avoid an open operation many in-

genious plans have been suggested, of which
the following are the best : Scrupulous cleanli-

ness is as essential in them as in the open
plan. A. E. Barker passes a narrow scalpel

into the knee through the lig. patellae, and
in withdrawing it cuts firmly on to the lower

edge of the patella; a well-curved pedicle

needle is introduced and pushed through the

quadriceps tendon as m„ 310

j close to the patella

as possible ; the skin

over its point is

drawn up a bit, the point is cut upon and
a knife passed into

the joint between
the needle and the

bone, laying the

bone bare as it is

withdrawn ; the

needle is threaded

with wire or the

strongest sterilised

silk (Fig. 311) and
withdrawn ; the

needle is now passed

between the skin

and patella from
puncture to punc-

ture, the upper end
of silk threaded
(Fig. 312) and with-

drawn ; the two
fragments are
rubbed together till

clot and soft tissues
Fig. 311.—Barker's Method of suturing the Patella : the needle are removed, and

passed heneath the patella and threaded with silk (6, c). , •.
, i i j?

(A. e. Barker.) then the ends of
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Fig. 312.—Barker's Method of suturing the Patella : the needle
(a) passed between the patella and the skin, and threaded
with the upper end of the silk (&, c), which lies behind
the patella. (A. B. Barker.)

and another through the ligamentum patellae,

each touching bone : the projecting ends are

wired together (Fig. 313). Robson believes

that he gets bony union. In three cases I

obtained close fibrous union.

Compoundfractures should be treated by
disinfection and suture of some kind, unless

other bones are comminuted or soft part

seriously injured, when excision or amputa-
tion must be considered.

Fractures of the leg bones, sepa-
ration of the upper epiphysis of the
tibia.—The upper epiphysis of the tibia is

of large area, but not deep ; it sends a tri-

angular process downwards in front, which
ends in the tubercle. Ossification begins

just after birth as a rule, and ends at 22.

It is much less frequently displaced than the

lower epiphysis of the femur, owing to the

attachment of the semi-membranosus and

silk are drawn
tight, firmly knot-

ted and cut short.

The patients walk
in five weeks,

apparently with

bony union. G. E.

Twynam " tyres
"

the patella, i.e.

throws a ring of

wire or silk round
it in the attached

fibrous tissues : in

some comminuted
cases with sepa-

ration it may be

useful ; without a

special needle it

is a somewhat diffi-

cult suture to pass.

Mayo Robson
passes a bonnet-

pin through the

quadriceps tendon

Fig. 313. — Mayo Robson's
Method of approximating
the fragments after trans-

verse fracture ofthe patella.

(A. E. Barker.)
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int. lateral ligament partly to it, partly to the

shaft. Hutchinson collected ten cases, ages 12
to 16; cause, violent wrenches ; displacement

either slight and forwards or altogether absent.

The knee joint is sure to suffer in so severe an
injury to one of its con-

Fig. 315.—Fracture of both
Bones of the Leg at the
Junction of the middle
and lower Thirds. The
lines of fracture ran from
before downwards and
backwards. The lower
fragments were drawn up
in front and to the inner
side of the upper frag-
ments. Strong union has
occurred, callus bridging
the interosseous space.
The fibula sustained a
second fracture lower
down which united with-
out displacement. The
tibia shows a fissure which
starts on the articular
surface near the malleolus
and ascends on the poste-
rior aspect. It presents
little sign of healing. This
injury resulted almost
certainly from direct vio-
lence. (Charing Cross Mu-
seum, No. 410.)

stituent structures.

The quadriceps has
occasionally pulled off the

tubercle of the tibia,

which may grow from a
separate centre. The ac-

cident has generally re-

sulted from jumping or

vaulting the " horse."

Treatment. — Reduc-
tion of the displacement
and fixation of the limb.

Hutchinson quotes a case

of arrested development
from Yolkmann ; Stimson
figures another, which he
attributes to Bryant. The
tubercle could be easily

fixed by a pin or two
driven through the skin.

Fractures of the
tibia and fibula form
10 -2 per cent, of all frac-

tures ; they are, perhaps,

the commonest fractures.

Fractures of the tibia

alone form l
-8 per cent.,

and of the fibula alone
2-0 per cent. They occur

at all periods of life, but
are most common during the period of

greatest activity and danger.

Indirect violence is a commoner caust

than direct, but both are frequent. Several

cases are known of separation of the head
of the fibula (an epiphysis up to 24) by vio-

lent contraction of the biceps, due to an
effort to prevent falling. Other fractures

from muscular action must be very rare.

Direct violence causes fracture, often with
comminution and wound over the sharp tibial

edge, at the point struck ; if both bones are

broken they yield at about the same level.

314.—The ordinary
oblique Fracture of the
Tibia from behind
downwards, forwards,
and inwards at the
junction of the lower
and middle thirds (en
bee de flute). Also a
fracture, correspond-
ingly oblique, near the
neck of the fibula.

(Charing Cross Mu-
seum, No. 405.)
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Fractures of the upper end of the tibia, of the tibia alone, and
of the fibula above its lower third, are generally due to direct

force. Indirect violence, especially falls upon the feet, gives rise

to the common oblique fracture—" en bee de flute "—of the tibia

downwards, forwards, and inwards at its weakest
spot, the junction of middle and lower thirds. The
fibula generally yields immediately after the tibia,

either at the same level or at the neck (Fig. 3 1 4).

'SMI To falls upon the feet are due also spiral fractures,

starting on the inferior articular surface, and
winding up the shaft (Figs.

207 and 210). The sharp

point of the upper fragment
of the tibia close beneath
the skin, as it usually is, is

often driven through the

skin by an attempt to stand,

or by dropping of the foot

in improper lifting.

Signs.—All the signs of

fracture are present or easily

elicited in

fractures of

both bones as

a rule ; frac-

ture of the

tibia, owing
to its subcu-

taneous sur-

face, generally

causes no diffi-

culty. But
fracture of the

shaft of the

fibula may be
very obscure

;

localised ten-

derness and
pain, con-
stantly re-

ferred to a

spot, not
struck, when

the leg bones are pressed together at a distance from it, are very

suspicious. Separation of the head of the fibula is easily recognised.

When only one bone is broken the other acts as a splint to it,

and deformity is slight or absent. When both suffer, the calf muscles

cause shortening, with angular deformity if the fragments inter-

lock ; but usually the surfaces are oblique, and the lower fragment

Fig. 316.—A Tibia which
has been broken at the
usual Situation, and
the Line of Fracture
running from before
downwards and back-
wards. The lower frag-

ment has been dis-

placed forwards, so as
to produce an angle,

salient backwards,
with the upper frag-

ment. This is very
unusual. (Charing
Cross Museum, No.
410.)

Fig. 317.—The lower End
of a right Tibia re-

paired after Fracture
from without down-
wards and inwards,
and Impaction of the
Shaft into the lower
Fragment. The lower
fragment has rotated
so that its articular

surface has been car-

ried inwards. Firm
union has occurred
and the medullary
canal has been almost
restored. (University
College Museum, No.
315.)

outside Cline's

Splint, with
webbing bands
and buckles
coiled round it.
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•

Fig. 319.—Cline's Splints applied with webbing Bands. A bandage has'Jieen

begun round the foot, and may be carried up the leg, but is not neces-
sary. The limb has been laid on its outer side apon a pillow.

glides up and back and out behind the upper (Fig. 314). In high
fractures the quadriceps often seems to cause prominence of the
upper fragment, but it is impossible to eliminate the effect of
dropping
backwards
ofthelower

fragment.
Other dis-

placements

are illus-

trated in

Figs. 315,

316, 317.

Treat-
ment. —
When
there is dis-

placement, setting is best accomplished with the knee fully bent
to relax the calf muscles. Extension is made from the foot

;

counter-extension from the lower third of the thigh, which is

firmly grasped by an assistant. Rotatory deformity is best avoided

by comparing the injured with the sound limb, and endeavouring
to copy the form of the latter.

A couple of lateral plaster splints, shaped like Cline's splints

(Fig. 318), may be moulded to the limb at once and fixed with a

bandage ; this can be cut up in front, should much swelling appear,

and the splint be reapplied with a fresh bandage.

Or for the first few days movable splints may be used. None
are better than Cline's

for fractures at or be-

low the middle. Two
outside Cline's are

more secure than an
outside and inside, un-

less it is desired to

produce marked in-

version of the foot.

The splints are lined

with boric lint, and
buckled on as shown
in Fig. 319. The limb
may be left free or

slung ; at first the

latter is better. If

there be much ten-

dency to dropping back of the lower fragments, Cline's splints do
not prevent it. Then an Arnold's or a Maclntyre's splint may be
used. One or other of these should be employed for fractures above
the middle, unless plaster is used,

c c

Fig. 320.- -Arnold's Splint (wooden side pieces not shown)
and Cradle.
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Arnold's (or Neville's) splint is shown applied in Fig. 321. It con-

sists of an iron foot piece and back splint (Fig 320*) with two wooden
lateral splints. The limb is placed on the padded back splint and
secured to its foot piece and lower part ; any extension required

Fig. 321.—Arnold's Splint applied and slung on Bloxam's Cradle. The eversion of the foot

shown is quite insufficient.

is now made, counter-extension being provided at the thigh

;

whilst this is maintained, a bandage is carried from the fracture

up to the top of the splint. The side pieces are now buckled on, and
the splint is slung in a special cradle by means of straps passed

through lateral projections from the back splint. It should be placed

so that the toes point up and out in the position of rest ; or the

foot may be fixed in this position across the foot piece, and the

splint hung straight.

Maclntyre's splint (Fig. 322) is a posterior gutter splint of iron,

with a screw arrangement for varying the angle between thigh and
leg pieces, and with a ver-

tical foot piece, sliding in

lateral slots for purposes

of extension, and fixed at

any spot by a screw nut.

Fig. 322.-MaoIntyre*s Splint. The foot piece is left loose

and pushed well up ; the

back splint is padded. A sock having a tape attached on the sole

aspect is drawn on to the foot, and the limb is placed on the splint.

The tape is carried over the apex of the foot piece and fastened

round a button on the lower surface ; the foot is thus held up
without much pressure on the heel. The leg above the fracture

and thigh is fixed to the splint ; the foot is raised to the proper

level, the angle of the splint regulated to remove all angular

deformity ; the toes are properly pointed across the foot piece (the



FRACTURES OF THE LEG BONES. 867

other leg must be similarly flexed to judge) and bandaged or

strapped firmly to it. Extension is now made as shown in Fig.

323, and whilst it is maintained the foot piece is fixed by the nut,

and the bandage is carried on up to the fracture. The lower end
of the splint may rest on a block, or it may be slung in Salter's

cradle (Fig. 324).

Weight extension on a pillow between sandbags is often a useful

way of treating these fractures.

The difficulties in managing an oblique fracture of both bones

with marked shortening are many and great. Lane has recently

expressed the opinion that a man has lost 75 per cent, of his

working value on recovery from such an injury ; and as a result of

this view he advises that all such cases should be cut down upon
and screwed together in good position.

Fig. 323.—The Application of Maclntyre's Splint. The thigh has been fixed by bandage to the
splint ; the hands of an assistant grip the limb and splint about the knee. The foot in its

sock is fixed by tape to the button on the foot piece and by bandage. Extension is being
made by drawing down the foot piece (and foot) in its slots. The screw nut would then be
tightened and the bandage carried up to the fracture.

In fractures of the tibia or fibula only, without displacement,

no splints are needed ; it is sufficient even at first to place the limb
in a soft cushion, and tie this up round it. Massage should be
undertaken at once. Union of the fibula takes six weeks, of the

tibia seven, or of both bones, eight weeks.

In compound fractures the dressing should be surrounded by
moulded plaster splints. Injuries to vessels are specially frequent

complications at the upper part of the leg ; and the peroneal and
ant. tibial nerves are specially liable to injury in fracture of the

neck of the fibula and of the tibia respectively.

Fractures of the lower ends of the tibia and fibula.—
Direct violence may, of course, act here, but the typical fractures

of the part result from twists of the foot of various kinds, jumps
from a height or from a carriage in motion, etc., bringing indirect

violence to bear upon the malleoli. Though the mechanism differs,

the anatomical results of inversion (supination) and of eversion

(pronation) are much the same.

Perhaps the commonest accident here (1) is a fracture of the

fibula 3 inches above its lower tip, due to excessive pressure of the

c c 2
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astragalus on the malleolus, and recognised by swelling, tenderness,

and pain—the latter increased by pressing the fibula high up towards
the tibia—and perhaps
slight mobility and crepitus

in moving the foot.

(2) Next comes Pott's

fracture (Figs. 325, 326,

329), due to greater but
similar violence. The fibula

is broken 3 inches up, the

internal malleolus is torn

off, or the internal lateral

ligament of the ankle is

torn through. The foot

is markedly everted, and
often carried backwards as

well ; there is a hollow over

the fracture of the fibula,

soon obliterated by haemorr-

hage ; the internal malleolus

or its sharp stump presses strongly against the skin, and not
infrequently cuts its way through. (See also page 1018,)

(3) Rarely the fibula, in breaking as above, carries with it the

fibular margin of the tibial articular surface and a fragment of bone,

to which more or less of the interos-

seous ligament is attached; the external

malleolus can now swing out away from
the internal malleolus, leaving a gap

Fig. 324.—Salter's Cradle.

Figs 325 and 326.—From Photographs of a recent case of Fracture of the internal Malleolus

and of the Fibula 2 to 3 inches up ; with displacement backwards and outwards of

the foot.
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into which the astragalus, outer edge first, can ascend (Dupuytren's
fracture). The foot is greatly everted, but the chief feature is the
increase in width at the level of the malleoli. (See also page 1018.)

(4) In catching the heel, alighting from a height or from a
carriage in motion, the leg-bones tend to move on after the foot has
been arrested, and a dislocation backwards of the foot is likely to

occur ; sometimes the astragalus and os, calcis carry both malleoli

with them (Fig. 330) ; the heel projects markedly ; the lower end of.

the tibia forms a prominence in front ; the tendo Achillis is stretched,

Figs. 327 and 328.—Views, from the inner and outer Sides, of the Bones from an old case of

Pott's Fracture. The internal malleolus has been broken and carried backwards ; so has
the external malleolus, the fibula having yielded one inch up. The astragalus has been dis-

placed backwards, and the foot bones have rotated outwards beneath it. flattening the
arch. A chronic inflammation has obliterated the ankle and some other joints. (Charing
Cross Museum, No. 416.)

and the astragalus is depressed below the often fractured posterior

edge of the tibial surface, hence the toes are pointed downwards.
The displaced malleoli can be felt.

The lower epiphysis of the tihia ossifies in the second year

and joins at 18 or 19. Separation of it with fracture of the fibula,

or, very exceptionally, with separation of the lower epiphysis of the

fibula, almost replaces Pott's fracture in the young, and is caused by
similar violence. The epiphysis and foot are generally dislocated

backwards or back and out, while the diaphysis tends to protrude, or

protrudes in front. Reduction has not as a rule been difficult ; and
in .compound cases the result has been good. Bryant thinks that

sprains in the young may often involve loosening of this epiphysis

and that getting about too early on the foot may result in inflamma-

tion, impaired growth, and shortening of the limb.
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Fig. 329.—From a Photo-
graph of a recent Case
of Fracture of the in-

ternal Malleolus, and
of the Fibula 1| inch
up, with Displacement
inwards of the Foot.
Early swelling about
the ankle is shown.

The lower epiphysis of the fibula
is rarely separated. In one case suppurative

epiphysitis occurred. Arrest of growth with

curvature of the tibia is a conceivable result.

Treatment of fractures of the lower ends of
the leg-bones.—In all cases in which dislocation

exists it must be corrected with the knee fully

flexed to relax the tendo Achillis. Some are

very difficult to overcome, and the attempt to

do so has been abandoned after section of the

tendo Achillis had failed. But, with antiseptics

to help us, failure should no longer be the case.

Most of these deformities from unreduced frac-

ture dislocations have been operated upon after

many months, and with good result : they would
be easier to deal with after the early extrava-

sation has subsided. No directions can be laid

down for such operations ; success in each case

depends on a correct appreciation of the state

of matters coupled with a good deal of ingenuity

and operative skill.

Oases without deformity, or in which de-

formity has been reduced, should be put up
with one or other of the splints used for frac-

tures of the leg, or in a large mass of cotton

wool firmly bandaged. In cases of marked
eversion some use Dupuytren's splint (Fig. 331).

This, which is a "long splint" in miniature,

should be padded with increasing thickness from

the knee down to the ankle : here the pad
should be thick enough to permit inversion of

the foot without contact with the splint. The

splint should be

fixed below the

knee first ; then,

the deformity

being undone, the

foot should be

bandaged to the

splint as shown.

Some first bind

the foot to the

splint and use the

latter as a lever

to undo the de-

formity — brute

force instead of

skill.

Fig. 330.—Fracture of the two Malleoli with Displacement back-

wards of the Foot, causing a prominence above the ankle in

front, projection of the heel, and extension of the foot.

(From a cast in the University College Museum, No. 324.)
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Fractures Of the bones Of the foot.—Fractures of bones of
the foot constitute 2-66 per cent, of all fractures. Almost all arise

from direct violence (run over, falling objects, caught between spokes),
or great indirect violence (falls and jumps from a height) ; rarely one
of these bones is broken by force which appears quite inadequate.
By crushing force any or all the bones may be pulverised ; but the
os calcis and the astragalus suffer much more frequently than the
other tarsal bones, and often alone ; of the metatarsal bone the fifth

and first seem to be broken more frequently than the central three

;

commonly two or more are broken.

©s calcis.—This bone is more often broken than any other tarsal

bone, usually by falls and jumps on the heels (Fig. 209). Fracture
from this cause occurs not uncommonly on both sides, and more or
less comminution often results, especially of the inner

side upon which the astragalus chiefly rests. Some-
times the result of the accident is a transverse verti-

cal fracture between the tuberosity and the posterior

astragaloid surface. In this case the fragment is

more or less drawn up by the calf muscles, and if

the fragment is a long one the arch of the foot

falls. In the first case—of extensive comminution

—

flattening of the antero-posterior arch and more or

less eversion of the foot are common ; the malleoli

are nearer to the ground, and the os calcis feels

widened ; the heel may appear lengthened or

shortened, if a piece is displaced upwards. Swelling

soon comes on, more or less limited to the region

of the os calcis. Crepitus is sometimes very obscure.
Fi 3gi _DyP

Forcible inversion occasionally causes the tense tren's Splint.

middle band of the external lateral ligament of the

ankle to tear off a scale of bone which can be felt at the tender,

painful, and swollen spot. Very rarely the same.movement forces

off the sustentaculum tali, and then, the middle band of the in-

ternal lateral ligament being detached, the os calcis rotates out

and the foot becomes everted. A good many cases are on record

of avulsion of the tuberosity (ossifying in the tenth, and joining

in the sixteenth year) before or after union, chiefly after; dis-

placement may be slight or great, 4\ in. in one case, in which
it persisted, yet the patient is said to have recovered with perfect

use of the limb.

Treatment.—If there be no displacement, elevation and ice and

then a plaster shoe. If there be displacement, flex the knee fully,

place the foot carefully at 90° to the leg, with the sole so that it

will touch the ground all along its outer border; endeavour to

restore a flattened arch. Plaster over wool, if there be much swell-

ing, makes the best splint. Avulsion of the tuberosity necessitates

flexion of the knee and extension of the ankle, a position which can

be maintained by putting a slipper on the foot and attaching the

heel by a cord to a broad band round the lower end of the thigh

;



872 INJURIES OF BONES.

or the fragment may be pinned on to its proper surface. Fracture

of the sustentaculum should be treated in a position of moderate
inversion. In bad cases some eversion and flattening of the arch

are almost certain to persist.

The astragalus is broken by similar violence to the above.

It may be comminuted, especially in its anterior half ; or the fracture

may run through it transversely, longitudinally, or obliquely so as

to separate the tibial surface from the rest of the bone. These con-

siderable fragments, particularly the anterior half, or the tibial surface

with more or less of the bone below it, may be dislocated widely,

even through the skin ; more or less dorsal or plantar flexion, with in-

version or eversion, results according as the fragment goes backwards
or forwards, inwards or outwards. On the other hand, the bone may
be comminuted, and yet there may be no deformity and no crepitus

may be obtained. Occasionally, after such an injury an acute sup-

purative inflammation of the ankle comes on ; the abscess is opened,

the finger discovers the fragment or fragments ; their removal is

likely to be followed by recovery with a good movable foot.

Treatment must be conducted as for the os calcis ; but an

anaesthetic is likely to be required if fragments are dislocated. If

they cannot be reduced, and do not seem likely to do harm, they

may be left for removal when the injured tissues have recovered to

some extent ; but if they are causing deformity or pressing on the

skin, or if the application of a splint would endanger the skin over

them, they must be removed, Much care must be taken as to the

position of the foot. Pressure over a mass of cotton wool is the

best way of controlling swelling and fixing the joint. In a few
days plaster may be applied. In compound cases the wound must
be cleansed, dislocated fragments removed, and a large wool dressing

applied.

The metatarsal bones are almost always broken by direct

violence. Pain, increased by pushing towards the tarsus the corre-

sponding toe, mobility, crepitus, with little or no deformity are the

signs ; naturally they are best marked in the first and fifth.

The phalanges, more commonly than those of the hand, are

broken by crushes. A little strapping wound round in a simple,

or gauze in a compound, injury, supplies the necessary rest : the

adjacent toes may be used as splints.

All the above injuries are frequently compound and may require

primary amputation for damage to soft parts ; but, as in the hand,

if there be doubt as to the condition of any important parts, the

whole should be cleaned and wrapped in an antiseptic dressing until

it is clear whether the suspected parts are going to live or to die.
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OSTEITIS.

The same changes that take place in inflammation of other structures

occur also in inflammation of bone. Owing, however, to its density,

the same exudation and multiplication of cells cannot take place

without a coincident absorption of the osseous trabecule • and from
the intimate relations existing between the bone and its periosteum

on the one hand, and the medulla on the other, both these structures

are necessarily involved. Periostitis is, therefore, often stated to be

the nature of the disease when really it is primarily a case of osteitis.

Pathological anatomy.—The bone, periosteum, and medulla
become, when inflamed, more vascular. Their vessels dilate, and exu-

dation takes place into the connective tissue within and around the

bone. The Haversian canals enlarge, capillary loops form, and the

embryonic cells increase in number. The osseous lamellae are also

eroded from absorption, forming Howship's lacunar, which, communi-
cating with the enlarged Haversian canals, convert the compact tissue

into large irregular spaces similar to that of the cancellous tissue of

bone. In the granulation tissue which now occupies these spaces

are found a large number of multinuclear cells, called "osteoclasts,"

which are thought to produce this absorption of bone. This is the

condition known as rarefying osteitis.

Meanwhile, coincidently with this rarefaction, new bone is being

formed in the outlying parts beneath the periosteum and in the

medulla. The small nucleated cells which take part in this forma-

tion are called "osteoblasts." These two processes of formative and
rarefying osteitis are at first constantly going on together. Sub-

sequent changes must vary with the conditions which produce the

disease. In favourable circumstances, the inflammatory exuda-

tion undergoes resolution, and the bone returns to its original

condition. If the irritation, whatever it be, has been long continued,

complete resolution does not take place, and the bone remains
larger and harder than it was before. A still further development
of this latter process may ensue, and the osteitis then terminates in

c c *
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osteosclerosis. In this condensing osteitis, not only does new
bone form beneath the periosteum, increasing its size, but the

granulation tissue within the Haversian canals organises into new
bone, filling up the spaces which had been previously formed, and
partly obliterating these narrow channels. The bone, therefore,

becomes denser and harder than in the normal condition, and may
even be converted into a tissue as dense almost as ivory. If the

vessels be completely obliterated, the death or necrosis of a

considerable area of bone may take place.

Rarefying osteitis may terminate in another way. If the irrita-

tion be more acute, the granulation tissue may form pus. This

is the ordinary termination of osteitis around a piece of bone
already dead, as will be described under necrosis and in compound
fracture. In tuberculous osteitis of cancellous tissue the same
softening process may ensue, producing the well-known chronic
abscess of bone (page 891). If the inflammation be still more
acute, and the infiltration take place before time has been allowed

for the absorption of bone, the vessels in the Haversian canals may
be compressed, and the circulation arrested over a considerable area

of bone, causing its death. This is one of the ways in which acute
necrosis arises (page 876).

iEtiology.—Injuries of various kinds are the most common excit-

ing causes of osteitis, such as fracture (simple and compound), gunshot
wounds, amputations, contusions, and burns. Trivial accidents in a

subject already predisposed to inflammation of bone may give rise to

the same condition. The diseases in which such predisposition

exists, apart indeed from any injury, are syphilis and tubercle. Rheu-
matic affections also give rise to chronic inflammation of bone.

Subacute osteitis terminating in abscess is not uncommon during the

convalescence of typhoid fever. The other exanthemata, such as

measles and scarlet fever, are often forerunners of both acute and
chronic osteitis.

Symptoms.—If the compact tissue of bone is the primary seat of

inflammation, it is, as a rule, a more or less chronic affection, be-

ginning slowly and insidiously, with obscure dull aching pains, which
are worse at night and in wet weather. It may make considerable

progress before the patient seeks advice, complaining then only of

persistent pain, which generally comes on in the evening, whilst sit-

ting over a fire or after he has become warm in bed. On examination

of one of the long bones, which is generally the part complained of,

and more frequently the femur or tibia than any other, the bone will

be found larger than its fellow, and tender on pressure. A part only

of the shaft in its length is generally affected ; but at this spot the

whole circumference and thickness of the bone appear to be enlarged.

At the margins of the inflamed area the enlargement tapers off to

the normal condition of the healthy bone. It is thus easy by pass-

ing the finger and thumb down the sides of the bone from one end

to the other to recognise the condition. If syphilis be the cause, the

corresponding bone in the opposite limb may be similarly enlarged
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and tender ; but it is scarcely likely to be of exactly the same size,

nor is the enlargement likely to be in exactly the same part of the

shaft. Other bones may also be affected. Except in the case of

wounds and compound fractures, the soft parts are not involved in

the inflammation. On the inner surface of the tibia, where the bone
is quite superficial, there may be some slight cedema and "pitting"

on careful pressure.

In the diagnosis of osteitis from tumours of bone, it may be
observed that the endosteal growths are generally more globular in

outline, whilst the periosteal scarcely ever completely surrounds the

shaft. In both forms of tumour the ends of the long bones are the

parts most frequently affected, and more than one bone is not likely

to be involved. (See page 907 et seq.)

Treatment.—Iodide of potassium in gradually inci-easing doses,

five, ten, or even fifteen grains, three times a day, should always be

at once tried. In most cases this drug gives instant relief to pain in

the early stages of chronic or subacute osteitis. The more nearly the

inflammation approaches the acute type the less likely is it to give

relief. In these cases especially, if accompanied by any febrile

symptoms, an incision should be made through the periosteum over

the centre of the swelling, and the trephine applied. If the swelling

be long and fusiform, without any definite spot of acute tenderness

on pressure, a groove may be made in the bone with a gouge, and
deepened till the medulla is reached. Even if no pus is found, relief

may be obtained, and the bone subsequently return to its normal
condition. Suppuration and necrosis may sometimes in this way be
avoided. In the more chronic cases, and especially where syphilis

is likely to be the cause, iodide of potassium must be pushed and
persevered with for some weeks or months, and mercury in some
form should be added if the former drug fails to reduce the swelling

and relieve the pain.

PERIOSTITIS.

Three varieties will be described, namely : (1) Simple acute

periostitis
; (2) acute diffuse, or infective, periostitis ; and (3)

chronic periostitis.

1. Simple acute periostitis.—This trouble may arise from an

injury, such as a blow. Syphilis also gives rise to periosteal nodes, which

are sometimes quite acute. Tubercle may also, in rare instances, be

responsible for some softening nodes on the shafts of long bones,

but is generally then an accompaniment of a tubercular osteo-

myelitis. Acute articular rheumatism, typhoid fever, measles, and

scarlet fever are also sometimes followed by an acute periostitis.

Pathological anatomy.—The periosteum is swollen and
vascular, easily separable from bone beneath, and infiltrated with

inflammatory products. In favourable circumstances the parts

involved may return to their normal condition ; but, on the other

hand, suppuration may take place. The abscess which forms has less

tendency to burrow far before making its way through the fibrous

c c * 2
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layer of the periosteum than in the case of the diffuse form of

periostitis. The cavity may heal as soon as the pus is evacuated,

or a small portion of the compact tissue of the bone may die and be
removed by exfoliation.

Symptoms.—The patient complains of pain, which is worse at

night than dm-ing the day ; and on examination of the painful

part, an acutely tender swelling is found over one of the more
superficial bones, such as the tibia. It will be fixed to one aspect

of the bone, which will be free from any general enlargement, except

at this spot. The temperature may be raised, but not to any great

extent, and the general constitutional disturbance is of a mild type.

Treatment.—If syphilis be the cause, iodide of potassium will

probably give immediate relief. In other cases rest in the recum-
bent position is the first and most essential point in the treatment
of the inflammation. Hot fomentations should be applied, and fre-

quently changed. Leeches are undoubtedly of service, but are

objectionable if an incision has subsequently to be made, for they

are liable to produce wound infection. A spare diet and a brisk

purge complete the treatment for the early stage in a healthy

person. If the swelling steadily increases and the pain continues,

an aseptic incision should be made down to the bone before sup-

puration has taken place. Careful aseptic or anti&sptic dressing

should then be employed, to lessen the risk of a subsequent necrosis.

If typhoid fever or any other exhausting illness be the cause of the

trouble, a generous diet, stimulants, and tonics will be required,

provided, of course, the original fever has passed away.

2. Acute diffuse (infective) periostitis, or acute necrosis.

—

The latter name is more generally used, as necrosis invariably follows,

and there is, as a rule, osteomyelitis as well as periostitis. This is a

most dangerous disease, and requires prompt and energetic treatment

if limb and life are to be saved.

Pathological anatomy.—The long bones of the extremities

are more frequently affected than any other parts of the skeleton,

whilst the flat bones are very rarely attacked. It is also far more
common in the lower than in the upper extremity. Commencing at

the epiphysial line at either end of a long bone, such as the tibia, by
an inflammatory effusion beneath the periosteum, it rapidly ter-

minates in suppuration. The pus thus formed spreads far and
wide between the periosteum and the bone, and unless a timely

incision be made, may stretch from one epiphysis to the other, and
completely encircle the circumference of the bone.

Coincidentally with this formation of pus beneath the periosteum,

an extensive suppurative osteomyelitis may take place, the inflamma-

tion within and without the bone being directly continuous at the

epiphysial line. The process thus begun stops at the next epiphysis,

but it will result, if the suppuration be as extensive as described

above, in the total necrosis of the shaft. Intermediate stages between

this and the mere exfoliation of a portion of the cortex need not now
be described, as the subject will be again considered under Necrosis
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Dead bone.

;<

Invaginating
sheath of
new bone.

(page 884). The periosteum separated from the shaft begins to throw
out new bone, whilst the pus makes its way through several apertures

to the surface. The new bone is called

the invaginating sheath, whilst the aper-

tures are spoken of as cloacce. This

disease sometimes attacks the epiphysis

itself, and extends to the joint instead

of spreading along the shaft. In that

case a purulent synovitis as a rule, ensues,

with all the dire consequences of a sup-

purative arthritis, which is described in

the article on Diseases of Joints

(Art. XXXIII.). It is rare for both

the diaphysis and the epiphysis to be

involved at the same time, but it does

sometimes occur (Fig. 332). Pyaemia
may arise from septic emboli, but it is

not so frequent as in primary diffuse

osteomyelitis. The means by which
Nature rids itself of the dead bone will

be described under Necrosis (page 884).

iEtiology.—Little is as yet known
for certain as to the exact cause of this

most interesting disease. It is known
to be an acute infective disease, and
believed to be due to the invasion of

pyogenic organisms, which must in that

case be supposed to act with a special

virulence and through the blood. Or it

may be that the vitality of the tissues

is lowered by some local and trivial

injury, and unable successfully to resist

the invasion. By experiments on ani-

mals it has been shown that a simple

fracture may be made to suppurate by
feeding the animal on putrid meat. The
disease is most common in young and
growing boys between eight and eighteen

years of age. Some slight injury appears
oftentimes to be the immediate exciting

cause, but it is frequently so slight as to

have been scarcely noticed, and may
even be entirely forgotten. Those that

are rather feeble and delicate or ill-

nourished seem more liable to be at-

tacked than the strong and healthy.

Symptoms.—Shivering, or even a
rigor, with a temperature of 102° to 104°
Fahr., may usher in the attack. General

Fig. 332.—Acute Necro-
sis of a Tibia in which
both the Diaphysis
and lower Epiphysis
have been involved,
with consequent de-
struction of the Ankle
Joint. (St. Thomas's
Hospital Museum, No.
531.)
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malaise, headache, loss of appetite, and even vomiting and diarrhoea,

may also be present. For a time the patient often makes no complaint

of any local trouble, and is thought to be sickening for some acute

specific fever. In a day or two, however, the doctor's attention is

drawn to an acutely tender and swollen part. A difficulty now
arises as to whether this is due to acute rheumatism, cellulitis, or

acute diffuse periostitis. Cellulitis may, as a rule, be excluded if

there be no wound of the surface for the entrance of infective

organisms , and if there be such a wound, the inflammation rapidly

spreads in all directions, beyond the next joint and over the adjoin-

ing bone. The tender swelling in the disease now under considera-

tion is likely to be situated over the end of one of the long bones,

such as the tibia, and therefore near a joint. In acute rheumatism
the joint will probably be in the centre of the swelling, and more
than one joint is likely to be involved. In acute diffuse periostitis

the centre of the swelling—in the early stage, at any rate—will be

either above or below the joint. More than one bone is also rarely

attacked at the same time. If there be any doubt, an anaesthetic

should be given, and deep fluctuation sought for in the usual

manner. An exploratory incision may also be made if proper

antiseptic precautions be taken, and is far safer treatment than

leaving the case in doubt, and possibly finding at the next visit

that the swelling has extended some distance up the shaft. Occa-

sionally, too, under the anaesthetic, it 'jvill be found on handling

the limb that separation has taken place between the epiphysis and
the shaft.

Treatment.—As already suggested, early and free incisions are

here imperatively needed to save the patient from necrosis of the

whole shaft. It is far better to have made an unnecessary explora-

tory incision than to be a day too late in giving relief to pus pent

up beneath the periosteum. From the severity of the constitutional

symptoms and the presence of a local swelling, coupled with the

absence of any other explanation to account for the patient's con-

dition, it would be criminal not to give him the chance even in a

doubtful case of arresting the progress of this acute infective disease.

An incision having been made and pus found, the opening shoidd be

enlarged so as to permit a complete and thorough examination with

the operator's finger.

The extent to which the bone is already denuded of its periosteum

can thus be accurately estimated, and the opportunity taken of

making openings in the best possible position. The incisions should

be long and in the axis of the limb. Wide gaping of the wound
takes place, which makes the introduction of a drainage-tube unneces-

sary, except where muscles have had to be divided, and tend to over-

lap or fill up the deeper part of the wound. After the cavity has

been thoroughly washed out, a copious antiseptic dressing and a

convenient splint are applied. The patient is at once relievedfrom

pain, and the temperature falls. Frequent dressings and fresh

incisions mav from time to time be necessary, according to the
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progress of the case, which may be estimated so far as these points

are concerned by the temperature and the amount of discharge.

If a joint becomes involved, it must be treated in the same way,
by free incisions.

The general condition of the patient must not be neglected. A
most trying and exhausting illness is before him. It is, therefore,

necessary to support his general health by a generous and easily

assimilated diet. Stimulants, as a rule, ai'e advisable, and morphia
at times may be given to allay pain and lessen the irritability

which is so commonly seen in this disease. Amputation may
have to be considered, especially where a joint is involved, and
the patient shows sisjns of sinking from the severity of the strain

which is necessarily thrown upon his vital powers. The absence of

sleep and inability to take freely of nourishment are, as a rule, the

indications which warn the surgeon of the impending danger. The
occurrence of pyaemia may also necessitate amputation, as by that

means the source of further septic emboli is removed.

The extraction of dead bone resulting from this disease can only

be accomplished when it has become detached from the living, and
is lying loose in its periosteal shell. The mode of separation and
the method of removal will be described under Necrosis (page 887).

There is, however, one exception to this rule. In cases of total

necrosis

—

i.e. the death of the whole circumference of a long bone,

a condition which has probably been estimated by the surgeon's

finger at the first examination—the dead part may be twisted off

from the epiphysis without waiting for the invaginating peri-

osteal sheath. It is not necessary, or in all cases advisable, to do
this at once, for it is better in the case of the femur, which
has no parallel bone to maintain the length of the limb, to

wait to see how the patient stands the exhausting nature of

his illness. If it is clear that he will have a hard battle for

life, and especially if it be the tibia or fibula which is involved,

subperiosteal re-section should be undertaken. If the whole
length of bone has been bared of its periosteum, it may be sawn
across in the middle, and each end removed by twisting it off

from the epiphysis. If total necrosis has affected only one end of the

diaphysis, the saw is applied at the junction of the dead and living

bone, and the necrosed part removed from the epiphysis in the same
manner. The discharge will, in suitable cases, at once diminish,

and the patient be relieved from a very serious drain upon his con-

stitutional powers. Means must be taken to maintain the length of

the limb by extension, and new bone will form of equal strength to

that which has been removed.

3. Chronic periostitis.—Simple uncomplicated chronic perios-

titis is rare except in syphilis, but as a part of a general osteitis it is

common enough. (Osteitis, page 873, and Syphilitic Diseases of

Bone, page 892.) As regards the diagnosis of chronic periostitis

from osteitis, the enlargement involves only the surface of one aspect

of the bone, whilst in osteitis the whole thickness of the bone should
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be increased. The inflammatory exudation takes place beneatli the

periosteum, and slowly develops into new bone, which may be
arranged in layers parallel to the surface or in nodulated masses.

The former eventually becomes sclerotic, as in condensing osteitis.

When the latter assume definite size and outline, they are some-
times called osteophytes. This condition is seen round old rheumatic
joints, or in the disease generally known as osteo-arthritis.

Beneath a chronic ulcer of the leg, a thick

layer of bone (Fig. 333) may be produced
upon the surface of the tibia. This would
appear to arise from simple irritation ; but

at the same time it is more common in

syphilitic subjects and in a bone that is

already affected with a general osteosclerosis.

OSTEOMYELITIS.

Osteomyelitis is an inflammation of the

medullary canal and of the tissue lining the

cancellous parts of bone. It may be divided

into acute and chronic osteomyelitis, of

which the former has two very distinct

varieties.

1. Simple acute osteomyelitis occurs

most frequently after some definite injury,

such as a fracture (simple or compound),
gunshot wounds, and after amputation. It

may also take part in a general osteitis, as

previously described. The inflammatory ex-

udation in the tissue of the medullary canal

may undergo the same changes as in other

parts : namely, resolution, suppuration, and
organisation. In this simple variety of osteo-

myelitis the inflammation is local and does

not spread, and is, therefore, probably not

clue to any infective organism. For example

:

in simple fracture it forms the internal callus,

which is again re-absorbed. In an amputa-
tion a simple osteomyelitis closes the medul-

lary canal, and in doing so may cause a very small and limited

necrosis.

There are no special symptoms or treatment to detail apart from

that of the particular injury in which it occurs.

2. Acute diffuse or infective osteomyelitis is a most serious

and often fatal disease. As an accompaniment of acute diffuse perio-

stitis or acute necrosis, it has already been described. It now remains

for us to mention those cases in which the inflammation arises in

the medullary canal, apart from the more general diffuse osteitis

previously described.

- Osteoplastic
Periostitis of a Tibia. An
oval eminence of new
bone, with a sharply de-

fined border, lias formed
beneath a chronic ulcer
of the leg. The specimen
also shows chronic peri-

ostitis on other parts of
its surface. (St. Thomas's
Hospital Museum, No.
39S.)
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PatlioBogical a«jat©isay asid aetiology.—After amputation,
compound fractures, and gunshot injuries, it was in former times of
fairly frequent occurrence. It has now become comparatively
rare; and this improvement must
be undoubtedly attributed to the

antiseptic treatment of wounds.
The open medullary canal lying

exposed in a suppurating wound be-

comes infected with the same or-

ganisms : namely, the pyogenic bac-

teria, which have given origin to the

suppuration of the wound or stump.

Decomposition of pent-up discharges

in an irregular and lacerated wound
undoubtedly facilitates the growth of

these organisms. The ptomaines of

the putrefactive bacteria, if these

be present, injure the vitality of the

surrounding tissues, and so lessen

the resistance to the pyogenic or-

ganisms. [See page 25.) The disease

thus started in the medullary canal

may spread throughout its whole
length, and the products of this in-

flammation finding no outlet, and
confined Avithin bony walls, may so

arrest the circulation as to cause

necrosis (Fig. 334). (See page 885.)

This condition is also specially

prone to give rise to embolic pyaemia,

for the veins within the medullary
canal are unable to collapse and assist

in the formation of an adherent and
healthy thrombosis.

Symptoms.—Deep-seated swell-

ing of the soft parts covering the

bone affected, whilst the skin remains
almost in its natural condition, severe

dull aching pain, and much tender-

ness on pressure are the chief local

signs. An increase of the discharge

from the wound or stump, which
has become offensive, is also likely to occur. If the bone is

exposed and capable of examination, the periosteum will be found
swollen and easily separated from its attachment. The bone
itself when visible, as in the case of the skull, will be dry, yellow,

and dead. If a probe can be introduced into the medulla it will

encounter no resistance, and no bleeding will be produced till healthy

marrow be reached. But the constitutional symptoms of an infective

*^isp
Fig. 334.—Necrosis of Stump from infec-

tive Osteomyelitis. (St. Thomas's
Hospital Museum, No. 577.)
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osteomyelitis are the most important, and lead to a careful examina-

tion for the local signs above enumerated. Shortly, they are those of

septicaemia and pyaemia. A man who has had a compound fracture,

or whose leg has been removed by amputation, may show signs of

septic poisoning by a high temperature with considerable fluctuations,

profuse sweats, and much depression. The surgeon naturally looks

for some explanation, and if he finds the local condition before

described, he at once suspects the presence of osteomyelitis. Should

,a rigor take place with a temperature of 105° Fahr., he feels convinced

that such is the case. But even without this last evidence of general

infection, the continuance of septic poisoning for a few days would
induce him to open the wound and examine the bone in the manner
detailed under treatment. If this is not done, and the case be one

of osteomyelitis, the fever will continue, the rigors may be repeated,

and the patient will die of exhaustion from septic poisoning or the

metastatic abscesses of embolic pyaemia.

Treatment—Such a condition ought not to arise under our

present method of dressing wounds. It is now happily rare, and will

become still rarer as the principles of aseptic and antiseptic surgery are

more and more enforced upon the younger generation of practitioners.

If, however, it has arisen, as it must do sometimes, notwithstanding

all precautions, especially after gunshot injuries, or a suspicion be
entertained that osteomyelitis may be the cause of the patient's

condition, then the bone must be thoroughly exposed and examined.

If the periosteum and the medulla be in the condition above
described, amputation above the seat of injury should be at

once performed. A difference of opinion might be entertained

as to whether it is necessary to amputate above the leg in

osteomyelitis of the lower third of the tibia. Those who believe

that the whole bone should be removed, if it can be safely done,

would amputate at the knee-joint or through the thigh. On the

other hand, it is quite possible that an amputation through the upper
third of the tibia would be above the highest extension of the

osteomyelitis ; and if that is found not to be the case, the medulla
may be effectually scraped with a sharp spoon till healthy tissues are

reached, and the cavity treated with iodoform powder. In the case

of infective osteomyelitis of the femur, an amputation at the hip-joint

would be almost necessarily fatal, and, therefore, amputation high up
in the shaft, and scraping out of the remaining medulla if it is

found to be diseased, would be the best line of treatment. The
removal of the suppurating medullary tissues by scraping has been
very successful, provided, of course, pyaemia has not been already

firmly established. It is, therefore, probable that with increased

experience this method of treatment will be preferred to a high am-
putation, even when the patient's condition admits of its successful

performance.

3. Chronic Osteomyelitis takes place most frequently in con-

junction with chronic osteitis and periostitis. It leads to a gradual

narrowing of the medullary canal, and the bone undergoes the same
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changes as in osteosclerosis. (See page 873 and Fig. 342.) There
is a tuberculous variety of osteomyelitis which is, as a rule,

chronic or sub-acute in its progress, and often terminates in the
so-called " chronic abscess of bone." This will be described under
Tuberculous Disease of Bone (page 889).

Fig

EPIPHYSITIS.

Acute epiphysitis is an infective disease of the same nature
as that already described under acute necrosis and acute osteo-

myelitis, occurring in the epiphysial end of a long bone frecpuently

opening into the adjacent joint, but rarely extending along the
shaft. Many of the cases recorded by T. Smith as " acute arthritis

of infants " were cases of this disease.

(See also Article XXXIII., on Diseases
of Joixts.)

Pathology and aetiology. — In
most instances it is impossible to trace

the origin of the infection. In babies a

few weeks old it might possibly arise as

a pysemic process during the separation

of the umbilical cord. In older children

the ulcerated throat of scarlet fever or

diphtheria may in a similar manner give

rise to this affection. It must be re-

membered that in acute necrosis and
osteomyelitis we are often unable to trace

the source from which infection has

arisen. There does not seem to be any
clear reason why this disease should be

separated from those just named, except

that its occurrence is almost confined to infants and young children.

The acute inflammatory infiltration may involve the whole epiphysis

and cause its necrosis. It may spread across the axis of the bone,

along the epiphysial line, and cause the separation of the epiphysis

from the shaft. Pus may open laterally through the periosteum, with-

out involving the joint ; but in certain joints, e.g. the hip, it must
necessarily also in doing so make its way into the articulation. The
pus may open through the articular cartilage directly into the joint

(Fig. 335), or extend some distance into the medullary canal of the

shaft. On the other hand, it occasionally works its way along the

surface of the shaft away from the joint.

Symptoms.—The mother first notices that the child keeps one

limb absolutely at rest, whilst the others are thrown about in a

normal manner. On examination an extremely tender swelling is

found close to one or other joint of that limb. In the first instance,

the joint is itself not involved, but may rapidly become so in the

course of a few days. The centre of the swelling is over the

epiphysial line of one of the bones forming the articulation, and is,

335.—Acute Epiphysitis of
Eemur opening into Knee Joint.
From an infant one month old.

(From St. Thomas's Hospital
Museum, No. 442.)
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as a rule, most marked on one side, although the whole circumfer-

ence of the limb at this spot may be swollen and tender.

"Whilst moving the limb, grating may be felt or lateral mobility

discovered. Separation of the epiphysis from the shaft would then
be known to have taken place.

The constitutional symptoms are severe, and are those of acute

septic poisoning.

Treatment.—No time should be lost in making an incision down
to the bone in the centre of this swelling. To wait for fluctuation

is to run a risk of the pus opening into the joint. For those cases

in which the joint is already involved, the reader is referred to

the article on Diseases op Joints (Art. XXXIII.). The usual aseptic

or antiseptic dressings should be applied, and in an infant the whole
limb should be wrapped in an abundant layer of wool, to act as a

splint. Extension of suppuration should be most carefully watched
for and treated in a suitable manner.

NECROSIS.

1. Necrosis with suppuration.—The death of bone en masse

is termed Necrosis, whilst molecular disintegration, where the bone
is insensibly removed or absorbed, is styled Caries. These terms,

therefore, correspond to sloughing and ulceration of the soft parts.

^Etiology.—The inflammatory conditions which give rise to

necrosis have already been considered. They act chiefly by cutting

off the circulation to a given area of bone, which consequently

dies from want of nutrition. Acute inflammation of the periosteum

and medulla is the common antecedent of an extensive necrosis,

but chronic osteitis and osteosclerosis may also terminate in this way,
from the gradual obstruction and filling up of the Haversian canals.

Inflammation, too, of the soft parts around may spread to the

periosteum and bone, and give rise to a limited necrosis, as in

whitlow. Injury is also an important factor, but is of less moment
than it was in the days before the antiseptic treatment of wounds.
A simple fracture is very rarely followed by necrosis. And in

compound fractures and gunshot wounds, where formerly more or

less necrosis was always to be expected, it is not at the present day
so common for bone to die provided suppuration can be prevented.

It must, therefore, be concluded that the inflammation and suppura-

tion consequent upon the entrance of organisms is the usual cause

of necrosis if it follow an injury. Syphilis and tubercle may both
give rise to the death of bone, but the exact manner in which they

do so will be described under separate headings. (Syphilis, page 892.

Tubercle, page 889.)

Exposure to the fumes of phosphorus amongst lucifer matchmakers
is also a potent cause of necrosis of the jaws. (See also page 928.) It

is, however, now comparatively rare, although Mr. Treves records three

cases in six months at the London Hospital from his out-patient

room in 1882, and again in 1892 he records another of the upper jaw
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in which a cerebral abscess arose. The poison is supposed to enter
through carious teeth. It slowly induces a gradually extending necrosis
from the socket to the alveolus, and from the alveolus to the body
of the jaw, till nearly the whole of the maxilla

may be destroyed by necrosis. Mercury may also

be the cause of necrosis of the jaw, involving more
or less of alveolus from which the gums have
retracted by the specific action of the drug.

Pathological anatomy.—Necrosis varies

very much in its extent. It may only involve

the cortical part of the bone, and is then called

peripheral necrosis. The cancellous tissue alone

is rarely affected except in a localised osteo-

myelitis, which is generally tuberculous, as in

chronic abscess of bone (page 891). This is called

central necrosis. The septic osteomyelitis of a
stump after amputation involves rather more
than the central portion of the shaft. Where the

whole thickness of the bone is destroyed, as in

some cases of acute infective periostitis and
osteomyelitis, it is called total necrosis (Fig. 336).

A portion of bone being dead from one of the

causes previously described, we have now to con-

sider the process by which Nature gets rid of the

useless part. If inflammation and suppuration

be the cause of the necrosis, the same process

continues in the adjoining living bone, but falls

short of producing strangulation of its own
blood supply. If not already present, a rarefy-

ing osteitis commences converting the denser bone

into cancellous. (See page 873.) This is con-

tinued, producing absorption of the living bone,

till that immediately in contact with the dead is

converted into a line of granulation tissue. The
dead bone is then loose, and is called a seques-

trum. Meanwhile, new bone is produced around

by the periosteum over the area of necrosis and
upon the surface of the adjacent living bone.

This ensheathing bone is perforated here and
there by openings for the escape of pus, which

are called cloaca'. This invaginating bone is

generally absent in peripheral necrosis of superficial

bones, such as the inner surface of the tibia or

the outer table of the skull. The removal of dead bone in such

circumstances is spoken of as " exfoliation."

Symptoms.—These at first are those of the disease which pro-

duced the necrosis. Presumably, therefore, an incision has been made,

and pus has been evacuated. The surgeon's finger introduced through

the wound has probably also made sure of the nature of the case.

J. >

Fig. 336.—Total Necrosis
of Tibia. (St. Thomas's
Hospital Museum, No.
512.)
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Supposing, however, this advantage has not been obtained, a suspicion

that there is dead bone will be entertained from the history of the

case, from the presence of enlarged bone beneath and from the
appearance of one or more sinuses discharging thick pus.

The sinuses are button-shaped, with pouting florid granulations.

The introduction of a probe will at once confirm the suspicion if

it strike with a clear ringing sound upon the hard non-vascular

sequestrum.

One or two points have now to be settled—the character of

the necrosis, and the time at which its successful removal may be
anticipated. If small and superficial—peripheral necrosis—there

will be only a small amount of discharge, and not much enlarge-

ment of the bone beneath. Moreover, it can be felt and seen

quite close to the surface. In the case of a large extent of both
sui'face and thickness, as in total necrosis, there will be a very

copious discharge, a large development of new bone, and several

sinuses at some distance from one another ; and on examination,

the probe will pass through new bone for some distance before

it strikes upon the sequestrum.

Its fitness for removal will depend upon whether the whole area

of necrosis has become detached from the living bone by the line of

granulation tissue. Some time must elapse before this can be
fully accomplished. And this will vary with the age of the patient,

the extent of the necrosis, the nature of the disease which produced
the necrosis, and the particular bone affected. In the very young,
when the bone is very vascular, the process is more rapid than

in the young adult. The rapidity diminishes with age till the full

adult period is reached. In the old, separation is sometimes very

slowly accomplished, on account probably of the feeble circulation.

Superficial necrosis is more quickly separated than the central or

total necrosis. An exception may possibly be made for some cases

of total necrosis after acute diffuse periostitis. If the whole shaft

has died from this cause up to the epiphysial line, it will often be
very quickly separated from its connections. The periosteum has

already been stripped from the bone, and the vascular cartilaginous

epiphysis is easily disconnected from the shaft. In necrosis from
syphilis, many months, and sometimes years, may elapse before the

whole of the dead bone has been separated from the living.

As regards particular bones, necrosis in the bones of the upper
extremity is always more rapidly loosened than in those of the

lower, on account, probably, of their greater vascularity. In the

young adult two to three months will be about the average length

of time for dead bone to become loose in the lower extremity, whilst

in the upper the average would be about six weeks to two months.

Some estimate may be made as to its fitness for removal by an
examination with the probe. When thoroughly loose, the probe on

striking the sequestrum produces a hollow note. Two probes may
also be introduced at some distance from one another, and by
alternate pressure, a movement of the sequestrum may be effected
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if it has become detached. In the case of exfoliation, a director

may often be inserted beneath the edge of the sequestrum, which is

then tilted up if it is loose, and felt or seen to move.

TresLtmeint.—Incisions may from time to time be necessary for

the evacuation of pus at convenient spots to procure efficient drainage

during the process of suppuration attendant upon the loosening and
removal of dead bone. Absolute rest should be obtained by a splint

or by a pillow and cradle. The antiseptic method should be employed
on the well-known principles, if for no other reason than this, to

avoid the frequent change of dressings which would otherwise be
necessary. A rise of temperature should always lead to a careful

examination for any fresh collection of pus. A very sudden rise of

temperature and a sharp fall, with or without a rigor, should make
the surgeon think of the possibility of pyaemia, especially if there

be nothing in the appearance of the wound to account for this con-

dition. Amputation may then be the wisest course for the patient.

General treatment must be attended to, for the continued sup-

puration is very exhausting, especially in the cases of acute infective

periostitis. Good wholesome nourishment should be frequently

given, wine or brandy being added according to the particular case

in hand. (See Treatment of Acute Necrosis, page 878.)

When the time comes for the removal of sequestra, to which
allusion has already been made, an anaesthetic must be given, and
the dead bone exposed by enlarging the sinus or laying one sinus

into another. If it is still overlapped by the invaginating bone, and
cannot be easily withdrawn, the opening may be further enlarged.

Sometimes the division of the sequestrum into two parts facilitates

its extraction, and may avoid the further opening up of the sinuses.

After it has been removed, the surgeon's finger should explore the

cavity which is lined with soft granulations, feeling like velvet, so

that no fragment of dead bone may escape detection. The wound
having been syringed to remove blood clot and debris, it is packed

with aseptic gauze. A layer of wood wool tissue and a bandage firmly

applied would conveniently complete the dressing, which need not be

changed, if the temperature remain normal, for some days. ,

An Esmarch's bandage, which renders the operation almost blood

less, is in many cases of great assistance. But the oozing after it

has been removed somewhat counterbalances this advantage. Still,

in difficult cases, where a prolonged search is anticipated, it would be

wis 3 to employ this method.

2. Quiet necrosis, or necrosis without suppuration.

—

This is a very rare condition, but one that is now well known by the

records of a few important cases.* A portion of bone having died, the

amount of inflammation produced for its separation from the living

bone around is so limited, that scarcely any pus is formed, and none

* Paget : Clin. Soc. Trans., vol. iii. ; Morrant Baker : Med.-Chir. Trans., vol. lx.

Cliarlewood Turner: Path. Soc. Trans., vol. xxxv. ; Watson Cheyne : Path. Soc,

Trans., vol. xli. ; Shattock : Path. Soc. Trans., vol. xli.
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works its way to the surface. Consequently, the enlargement of bone
has most frequently been mistaken for some form of endosteal new
growth. There appear to be two classes of cases—one in which the

death of bone is produced by some specific disease, such as syphilis or

tubercle, and the other in which an acute infection of the tissues

outside the bone has produced an abscess which has subsequently

healed, but in doing so has destroyed the vitality of a portion of the

adjacent bone. It is probable that in the latter case the pyogenic

cocci have never entered the bone at all, which has not, therefore,

the same irritating qualities of most sequestra. The inflammatory

barrier around the original abscess has been of such intensity as to

cut off the circulation to a certain portion of the bone beneath, and
has then produced healthy granulations, which have quickly closed

the original abscess or wound. The sequestrum is then in an
analogous position to an aseptic foreign body, which becomes
encysted. In the former case of syphilis or tubercle it is well known
that necrosis may arise in both these diseases from obstruction to

the circulation of a given area of bone. If the organisms of suppura-

tion do not gain access to the part affected, the inflammation may be
only sufficient to separate dead from living, and not enough to

involve the surrounding tissues. There is then no external sign of

suppuration, and the case may resemble one of endosteal new growth.

Diagnosis.—The diagnosis may present considerable difficulty.

Where there is a history of a previous abscess or a septic wound,
of which the scar remains to tell the tale, there will be less difficulty

than one in which the enlargement of bone appears to have been of

spontaneous origin.

In syphilis it would be rare for one bone only to be affected, and
there would possibly be a history of other manifestations in the mouth,

throat, or skin. The shaft of a long bone is also more likely to be
the part enlarged, and not the articular extremity, where new growth
is more common. The length of time would be greater in syphilis

than in any malignant disease. The swelling might also be much
diminished by iodide of potassium and mercury. In Morrant
Baker's case the symptoms of disease in the shaft of the femur had
existed for ten weeks, and spontaneous fracture had occurred four

weeks before the amputation. After removal of the whole limb at

the hip-joint for what was thought to be malignant disease, it was
found to be a case of necrosis of a large part of the shaft of the femur
from chronic osteitis.

A tuberculous osteomyelitis of the extremity of a long bone is,

however, the condition most likely to give rise to mistakes, although, as

a rule, there is no difficulty in the diagnosis of this disease, on account

of the inflammatory exudation into the soft parts over the bone. But
when such inflammatory exudation has not taken place, and the

bone is large and hard, without any softened spots to throw light

upon the nature of the case, there may be some difficulty in arriving

at a positive diagnosis. Tubercle is slow in growth compared with

malignant disease, but not slower than myeloid sarcoma. It never,
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however, reaches to any considerable size, and is unaccompanied by
the special signs of new growth which will be described under
Tumours of Bone.

Treatment.—This should consist^ in applying the trephine to

the centre of the bony swelling. In this way the diagnosis may be
confirmed, and the opening then enlarged for the removal of the

sequestrum. If, on the other hand, the case prove to be one of

new growth, amputation or re-section may be necessary. (See

Tumours of Bone, page 907.)

TUBERCULOUS DISEASE OF BONE.

Pathology.—Miliary tuberculosis of bone is extremely rare,

and need not be considered here, as it is an accompaniment only

of a general tuberculosis.

Tubercle in a localised form attacks the cancellous tissue of bone,

such as the small bones of the carpus and tarsus, the phalanges,

the bodies of the vertebrae, and the ends of the long bones. In the

latter position it enters largely into the causation of Joint Diseases,

and will be described in the article devoted to that subject. Sub-

articular caries was the former designation of this particular variety

of tuberculous osteitis. On either side of the epiphysial line of a

growing bone it is also fairly common. In the hip it must almost

of necessity involve the joint if it reaches the surface of the bone,

as the epiphysial line is within the capsule. In other bones,

however, the disease may open externally without involving the

joint, or may creep down the shaft and cause a more or less diffused

tuberculous osteomyelitis.

Tubercle in bone commences as a rarefying osteitis by enlarge-

ment of the Haversian canals, thickening of the periosteum, and the

development of a granulation tissue which shows the characteristic

structure of the tuberculous disease. Two or more patches of varying

sizes may exist within a short distance of each other, and subse-

quently coalesce ; or there may be only one such small area of tuber-

culous growth. The changes that then ensue are very variable, and
have led to the use of such terms as cariesfungosa, caries sicca, caries

necrotica—names which indicate the different terminations of this

morbid process. The tuberculous deposit is surrounded by an area

of inflammation, which at first shows itself in the form of rarefying

osteitis. The granulation tissue occupying the spaces resulting from

the absorbed trabeculse may itself be invaded by tubercle, and undergo
the same change as in the first deposit ; or, for a time, it may partially

organise and produce sclerosis of bone. A small portion of this may
again be encircled by rarefying osteitis and tubercular infiltration,

and being cut off from the circulation, may become a tuberculous

sequestrum. Caseation and softening of the tuberculous deposit

occur in the central part, whilst these changes are taking place in

the periphery. As the process extends the inflamed bone becomes

tuberculous, and again softens till the surface of the bone is reached
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or the joint invaded. Thus caries fungosa and necrotica are com-
bined in the same tuberculous area, for small particles of bone may
be isolated by the invasion and irregular growth of tubercle, and be
cut off from their vascular connections. The tuberculous deposit

may, on the other hand, be walled in by a healthy vascular growth
in the surrounding rarefied bone, and slowly undergo partial absorp-

tion and calcification, whilst the surrounding inflammatory infiltra-

tion ossifies, and becomes sclerosed. This is the condition spoken of

as caries sicca. If this occurs at the epiphysial line of a long bone,

it may cause premature ossification and a shortened bone ; or, on
the other hand, in rare instances it may fall short of sclerosis, and
merely irritate the growing bone to greater activity, and result in

elongation. (See also Art. XXXIII.)
Chronic abscess of bone is a variety only of the tuberculous

osteomyelitis, occurring in the cancellous tissue at the end of a long

bone. Its pathological history is the same as the above, but its

clinical features will require a separate description, which will be

given later. Caries, which is essentially a tuberculous process, has

usually been described as ulceration of bone. It will be admitted

that we do occasionally meet with tuberculous disease of the surface

or cortex of bone, but it is certainly rare ; the term caries, if em-
ployed at all, should be used in this sense only.

Symptoms and diagnosis.—Tuberculous diseases of bone are

insidious in origin, slow in progress, and very tedious in recovery.

Pain or lameness is often the first indication of the disease, and
the former is more severe at night than at other times. But some
complication may be the first sign pointing to the nature of the case.

Enlargement of bone and tenderness on pressure must be looked

for in the situations already mentioned, namely, the ends of long bones,

the phalanges, and the tarsus or carpus. The signs of the disease in

the vertebrae are considered in a separate article. In time the super-

ficial tissues are involved, and oedema, redness, and a small area of

fluctuation become evident. Or without any signs of inflammation,

a collection of fluid may be felt some distance from the surface or

beneath the skin.

The latter is generally called a " chronic abscess," and may
remain indefinitely of the same size, or slowly increase till the skin

becomes thin, and the fluid is evacuated spontaneously or by the

surgeon's knife. If the cavity has been opened, a certain definite

line of treatment is followed, which will be described presently. If

it open spontaneously, a sinus is left which is of itself an indication

of the nature of the case. The fluid is thin and watery, con-

taining often gritty particles of bone, unless infection by pyogenic

organisms has taken place, when true pus may be present. The
granulations are oedematous and " pouting," instead of being florid

and vascular, as in the true suppuration of necrosis from pyogenic

infection. On the introduction of a probe, it will pass through soft

and friable bone, meeting with irregularities of surface, but no hard

and ringing sequestrum so characteristic of ordinary necrosis. The
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sinus will remain in this condition for many months, or years, unless

some treatment be adopted to shorten its progress. And during this

time infection by the micrococci of suppuration may take place, and
render it the more difficult to bring the case to a satisfactory issue.

Complications may arise, such as involvment of a neighbouring joint,

amyloid disease of viscera, or exhaustion from profuse suppuration.

General tuberculosis may take place, but it is comparatively rare as

a sequel to tuberculous disease of the bones of the extremities.

Treatment.—An enlargement of bone from tuberculous disease,

if seen sufficiently earlv, may for a time be left without any operative

measures for its relief. Meanwhile, general treatment should be
adopted, such as good air, good food, and absolute rest to the part

affected. A splint of some kind should, if possible, be applied to

ensure this result. In the case of the foot, a knee-rest is invaluable,

as it prevents any pressure on the diseased part, and yet enables the

patient to be out in the fresh air as often as his strength allows.

So soon as softening of the tuberculous growth is thought to have
taken place, an incision should be made, and, if necessary, the bone
perforated with a drill or gouge. If a cavity be found or granulation

tissue be present, a "Volkmann's spoon should be used to remove
thoroughly the caseous products and tuberculous tissue. If a large

cavity is left, a drainage-tube may be introduced, but should not be
retained for more than twenty-four or thirty-six hours. In most
cases a drainage-tube may be dispensed with altogether. The wound,
in favourable circumstances, will heal, and if there be no recur-

rence or further growth of tubercle, the case will be at an end. On
the other hand, in a few weeks or months a further collection of

fluid may be found beneath the cicatrix of the first operation, when
the same treatment must be again employed. If a sinus already

exists, or pyogenic infection has obviously already taken place—

a

condition which would be recognised by the presence of true pus

—

then the same operation of erasion is undertaken, but without the

expectation that primary union of the skin incision will be obtained.

Of course, in all these operations it is understood that the most
careful methods of operating and dressing on aseptic principles are

enforced. The same care must be taken to prevent the entrance

and growth of the pus microbes as in joint operations. The early

termination of the case will be found to depend almost entirely on
the absence of pyogenic infection.

Chronic abscess Of bone, although not differing materially

from the disease above described, requires a few words. It is more
chronic in its progress, more localised, and more certainly relieved by
operation than other tuberculous diseases of bone. It occurs most
frequently in the yoiing adult, and nearly always in the articular

extremity of a long bone, and by preference in the upper end
of the tibia. But no long bone can be said to be exempt, for

it has been found in the lower extremity of the femur, in the

radius, humerus, and ulna. It very rarely involves the neigh-

bouring joint, being, as a rule, situated at some Mttle distance from
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the articular cartilage, and circumscribed by a healthy zone of

chronic osteitis. There is a history in most cases of some preceding

accident or injury, followed by persistent pain in a definite spot,

which is always worse at night and in wet weather.

On examination, an enlargement of bone is found in the position

previously indicated, with one spot perhaps not bigger than a shilling

or sixpence, which is exquisitely tender on firm pressure. There
may be oedema and redness around, with a soft, almost fluctuating,

area in its centre.

In the absence of the small soft spot indicating perforation of bone,

the excessive tenderness limited to quite a small space is the indica-

tion of the position to which a trephine should be applied. If this is

done and no pus found, the walls of the trephine opening should be

perforated by a drill, in the hopes of reaching the small collection of

pus which is thought to be present. A small sequestrum may
also be found with the pus, as in other tuberculous diseases of bone.

If neither pus nor dead bone be found, the patient will probably be

relieved by the operation of a troublesome chronic osteitis, which was,

after all, perhaps not tuberculous. The relief which is obtained

in such a case is due in all likelihood to the removal of tension

from the rigid Haversian canals.

SYPHILITIC DISEASES OF BONE.

1. Early periostitis.—In quite the early stage of acquired

syphilis, whilst the eruptions are still present, and when even

the primary lesion may not have ceased, it is not uncommon for the

patient to suffer from small periosteal nodes. He generally com-

plains of pain, especially at night, and tenderness at many different

parts of his body. On examination, there will be found on the

superficial aspect of the tibise, clavicles, sternum, ribs, or skull small

and excessively tender swellings attached to these bones. Relief

is almost at once given by iodide of potassium in 10-grain doses.

But the mercurial treatment, which has already been given, must on

no account be omitted, as on this depends the ultimate success

of the treatment for syphilis. (See also the Article on Syphilis,

page 407.)

2. Late periostitis.—Several years after the primary manifes-

tations of syphilis one large periosteal node may be found on one

or other of the long bones. It is generally accompanied by a
chronic osteitis, and often ends in a more or less diffused osteosclerosis.

Iodide of potassium gives only temporary relief, and, as a general

rule, a permanent enlargement remains, which occasionally reminds

the patient by attacks of pain and tenderness of his previous trouble.

3. A diffused osteitis, terminating in osteosclerosis of nearly

the whole shaft of a Jong bone, may, however, be present without

any definite node, as above described. When this is the case, many
bones are affected, and generally in a symmetrical manner. They
are as intractable as in the former instance, but relief of the severer
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symptoms may be obtained by large doses of iodide of potassium,
with or without the addition of mercury, according to the effect

produced by the former drug.

4. Gummata Of bone are nearly always associated with peri-

osteal nodes or a more or less diffused osteosclerosis. Some portion of

the inflammatory infiltration, whether it be in the periosteum or in the
bone, softens, and presents the ordinary characters of a gumma. (See

page 408 and Fig. 82.) The overgrowth of connective tissue which
at one part organises and at another undergoes degenerative changes
is the most characteristic feature of syphilis when it attacks the

Cloacae.

.Caries.

Necrosis.

Fig. 337.—A Portion of the Frontal Bone showing its outer Surface. An irregular sequestrum
of which a large portion is carious, and involving both tables of the skull unequally, has
been completely detached from the surrounding sclerotic bone.

(St. Thomas's Hospital Museum, No. 559.)

bones, as it is when other organs are affected. An enlargement of

bone, painful at night and tender on pressure, is the first indication

of this, as of other diseases of bone. The special feature of its gum-
matous nature is the presence in some part of the swelling of a small

area of fluctuation. If this remains untreated, the skin will event-

ually give way, discharging a thin watery fluid, and leaving an aper-

ture with an irregular, perhaps crescentic, margin, like the gummatous
ulceration of soft parts, leading to diseased bone. If the original

swelling has been a softening periosteal node, the portion of bone
affected will be the cortex only ; but if the whole thickness and more
central parts of the bone be the primary seat of the trouble, a very

irregular cavity and area of disease may be found to occupy the parts

below the surface. If a large piece of dead bone is found, it is spoken

of as syphilitic necrosis, which is, however, more common as the result

of syphilitic ulceration of the parts covering a thin bone, such as the

septum nasi and the irregular bones at the base of the skull. (See page
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408.) In osteosclerosis, ossification of the inflammatory products may
result in a widespread necrosis, as has been explained before. The
peculiarity of syphilitic necrosis by which it may be distinguished

from other forms of necrosis, is the slowness with which it is separated

from the living bone, remaining for many years attached to the sur-

rounding parts. It is probable that this is due to the want of vas-

cularity in the adjoining bone, in which the Haversian canals may be

almost completely filled up with new material which has ossified.

More frequently a gumma in bone results in what is called syphilitic

caries : that is to say, the cavity is rough and irregular, and more

nearly resembles ulceration of the soft parts. Particles of dead bone

Osteosclerosis.

Sequestrum

:

caries ne-

crotica.

-?*"'.•&

Fig. 338.—Inner surface of Specimen engraved in Fig. 337, showing that the sequestrum
involves more of the inner than the outer table, and is thus locked within the skull. The
living bone around is sclerotic. (St. Thomas's Hospital Museum, No. 559.)

there may be, which come away in the discharge, but there is no appre-

ciable " sequestrum." The spaces between these irregular walls and
floor are filled with granulation, which shows no tendency to organise

into healthy bone, probably from the same reason given above in

speaking of syphilitic necrosis—namely, that the surrounding bone is

sclerosed and, therefore, non-vascular. Caries and necrosis are also

not uncommonly present together, differing as they do only in the

extent to which the circulation has been cut off'from the part affected.

The skull and sternum, especially the former, are the bones most
frequently affected with this intractable form of syphilis (Figs. 337,

338). Our museums are full of specimens showing its inveterate

nature. They have been collected for the most part by our prede-

cessors, before the treatment of syphilis was so well understood as at

present. This present comparative immunity is apparently in part

due to the lesser virulence of the disease ; for the virulent forms of

primary syphilis in cases where no treatment has been adopted are

much less frequent than in days gone by. (See also Art. XXXIII.
page 1031.)

Treatment.—Enlargement of bone from syphilis is always
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treated by iodide of potassium, whatever be the exact anatomical and
pathological condition present. It is desirable, however, to enforce

the doctrine that a gummatous lesion of bone, even if the skin be
red and almost perforated, should not be opened. Again and again

such swellings have been known to subside under iodide of potassium,

in gr. x., gr. xv., or gr. xx. doses three times a day. When they
have already opened, the same drug is given in the same or still

larger doses for many months. An improvement is produced, and
in some cases a cure effected. Occasionally, mercury is found neces-

sary before this result is obtained.

But in many cases, if a sinus already exists, drugs appear to

have little or no effect. Possibly this is due to the previous entrance

of pyogenic cocci, which, under the peculiar circumstances of the

surrounding sclerosis, cannot be properly dealt with by a healthy

granulating barrier. What result a rigid antiseptic dressing would
produce it is impossible to say, as the writer knows of no series of

cases treated in this way from the moment when contamination

could occur. For no argument would be serviceable for this purpose
if the sinus has been exposed some time, even although an operation,

such as erasion, has been undertaken. Gummata in other organs

have been successfully dealt with by erasion and subsequent careful

aseptic dressing. But the peculiarity of the bony structure before

mentioned around the central lesion does not make the comparison
of much service.

Bony lesions of inherited syphilis.—These do not differ

much from those of the acquired disease. (See pages 424 and 428.)

Large periosteal nodes are not uncommon, but are more likely

to be multiple and symmetrical. They are, as a rule, less painful

and less amenable to treatment. They are less frequent on the

skull, and on the shafts of long bones are often accompanied
by a diffused osteitis of the whole bone. (See Fig. 90, page 429.)

They sometimes lead to a general enlargement, slight uniform curva-

ture, and elongation of such a bone as the tibia. The symmetrical

lengthening of the tibia is most characteristic, and the diagnosis can
generally be confirmed by old interstitial keratitis, the physiognomy
of the patient, and the presence of the teeth so familiar to all students

of hereditary syphilis. These changes are most frequently seen between
eight and eighteen years of age. In very young children it is difficult

to distinguish between rickets, syphilis, and tuberculosis, so far as the

bones are concerned, and the diagnosis is usually made by the history

and by other lesions which may be present. No definite rule can

be laid down for the treatment of these bony lesions of hereditary

syphilis. Iodide of potassium and mercury are likely to be of service,

but sometimes cod-liver oil and iron do more good than anti-syphilitic

remedies. (See pages 426 and 430.)

Syphilitic dactylitis occurs both in acquired and in hereditary

syphilis. Slight enlargement of one or more phalanges is the first

indication of the disease. The whole bone is generally swollen

and slightly tender. It is most likely to be mistaken, in children
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especially, for tuberculous dactylitis. In the latter the whole bone
is not at first enlarged, and the deposit quickly softens down and
approaches the surface. Anti-syphilitic remedies, as a rule, produce
an improvement, if not complete resolution, in syphilitic dactylitis,

whilst in the tuberculous form such remedies cause no alternation, and
the enlargement slowly softens down into caseous debris.

HYPERTROPHY AND ATROPHY OF BONE.

Hypertrophy.—This is a term which should not be applied to an

enlarged bone, unless the whole is of normal shape and density. For
instance, chronic osteitis

may produce an enlarge-

ment of bone, and in

young subjects may even
result in lengthening

of the shaft of a long

bone ; but if this is only

a part of ageneral osteitis

with resulting osteo-

sclerosis it should not be
called hypertrophy. For
the same reason, osteo-

porosis, osteitis defor-

mans, leontiasis ossea,

and acromegaly cannot
strictly be cited as hyper-

trophy of bone.

True hypertrophy of

bone from excessive use

in an extremely muscu-
lar subject is, perhaps,

the best instance of this

condition. Here the

bones generally and the

ridges for the attach-

ment of muscle are found
enlarged.

There are some rare

cases of congenital hyper-

trophy of a whole limb
in which the bones of that limb are correspondingly large and
long. They may be classed as cases of true hypertrophy of bone.

In elephantiasis of one leg in the young subject the bones are

undoubtedly longer than those of its fellow, and appear also to be
larger, but I know of no evidence to show that the bones in such
a case are of normal density. The lymphatic obstruction has led

to increased growth, but from the condition of the skin one could

not argue that the bone was likely to be of normal consistence.

Fig. 339.—Horizontal Section of a Skull, showing Hyper-
trophy of the Bones of the left Side, accompanied
with a corresponding Diminution in the Cranial Capa-
city. From a man who had suffered from epilepsy
and became a criminal lunatic. (St. Thomas's Hospital
Museum, No. 342.)
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Atrophy.—This condition, as contrasted with hypertrophy, is

comparatively common, arising from such simple causes as want of

.;."..

Fig. 340.—Atrophy of Femur,
from a woman who had
long been bedridden. (St.
Thomas's Hospital Museum,
No. 343.)

Fig. 341.—Normal Femur.
(Royal College of Sur-
geons Museum.)

Fig. 342.—Chronic Osteo-
myelitis and Osteoscler-
osis. (St, Thomas's
Hospital Museum, No.
405.)

use or the changes incidental to old age. The bone becomes light and
porous, the cancelli and the medullary cavity being enlarged and
filled with fat (Fig. 340). The cortical layer is reduced to a mere

D D
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shell in advanced cases, and in such circumstances may be very-

brittle, and break with the slightest degree of violence. Of general

causes, senile degeneration is the most common, but it has been
shown by Professor Humphry that the bones of aged people after

fracture unite as readily as those of the young.

Long confinement to bed from any cause undoubtedly predis-

poses to atrophy, and possibly in part accounts for the occasional

occurrence of fracture of the opposite thigh-bone on getting up after

prolonged rest in bed from a previous fracture of the femur.

The cachexia of malignant disease is also thought to induce

atrophy of bone, from malnutrition. Certainly such bones break

easily without the secondary deposit of new growth.

It has long been a question of speculation whether the bones of

the insane are also more brittle than those in health. They often

show signs of atrophy, but whether this is peculiar to the insane or

what might be seen in those who lead a very inactive life from other

causes it is difficult to say. As regards their spontaneous fracture or

fracture from slight causes, there would generally be a little difficulty

in accepting the evidence of an attendant, whose interest it may be

to underrate the force he has been induced to use.

Other general causes there must be of which little or nothing

is known. For example : a girl of fourteen is recorded by Stanley

as a case of fragilitas ossium, and is said to have had thirty-one

fractures, all of which readily united.

Local causes for atrophy of bone are of practical importance to

the surgeon, as the knowledge will lead him to deal gently with

bones when such a condition may be suspected to exist. During
the disuse of a limb from disease, such as disease of the knee-

joint or a badly- united fracture in which weight cannot be borne on

the limb, the bones undoubtedly atrophy and become very brittle,

so that when the time comes to employ passive movement of the

joint the femur is liable to fracture. Infantile paralysis may also

be cited as another cause for these local changes. It is well to bear

in mind that, in all these cases of atrophy of bone, union takes place

as readily after fracture as under more healthy circumstances. (See

also page 726.)

OSTEOMALACIA.

This is a disease of the fully-formed adult bones in which bending

or fracture of one or more parts of the osseous framework of the body
is liable to occur with very great deformity. As regards its actual

causation, very little is known. It is more common in females than

males, in the proportion of about ten to one ; and in females it would
appear that pregnancy must be the most important exciting cause,

for a very large proportion are shown to be first affected during this

period. The situation of the disease is also remarkable, for in those

connected with pregnancy, the pelvis and lower part of the spine

were the first to give any indication of the disease. The great

majority of the cases analysed by Durham, in Guy's Hospital
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Reports (vol. x.), began to suffer between the ages of twenty-five

and thirty-five. It would be out of place here to discuss the

theories that have been advanced to explain the reason why the

bones should be so extensively diseased whilst the rest of the

tissues remain to all appearances unaltered. (See also page 729.)

PatBiological anatomy.—The disease consists essentially in a
softening of the bony tissue. The earthy matter is in the first place

absorbed, leaving the organic matrix with a faint indication of its

lacunas and canaliculi, producing an appearance somewhat similar to

a microscopical specimen of bone which has been treated with
hydrochloric acid. The parts decalcified are gradually transformed

into a soft gelatinous tissue, without any osseous trabecule. The
process goes on till the whole of the interior of the bone is

converted into a substance like jelly, leaving, however, a thin layer

of cortex beneath the periosteum. The vessels, no longer contained

in rigid walls, allow their blood to escape, so that the semi-fluid

pulp-like substance previously described is always more or less

blood-stained.

Symptoms.—Nothing definite is complained of except pains

like rheumatism, till some very obvious deformity points out the

nature of the case. Most frequently the discovery is made by
the family doctor from an examination of the pelvis during partu-

rition. The pelvic .bones may at first be alone affected. The pro-

montory of the sacrum is thrust forward by the weight of the body,

whilst the sides of the pelvis are made to approximate by pressure

acting through the two femora. The pelvis thus assumes the beaked
form so characteristic of this disease, as distinguished from the

rachitic pelvis. (See Fig. 75, page 369.)

The bones in osteomalacia, being soft, may be bent and altered

in shape by the hands of the medical attendant : a change which
cannot possibly be accomplished in the deformity produced by rickets.

The spine may also be very seriously deformed, and chiefly by a

very great increase of its natural curvatures. The thorax may
be distorted by the bending or fracture of ribs from the action

of the respiratory muscles. The bones of the extremities may
be bent and broken in many places, allowing the feet to touch

the head, or the limbs to assume the most fantastic shapes. The
resulting deformity is the most exaggerated and most extreme

condition of which the human skeleton is capable. At the same
time it should be remembered that the changes may be confined

to the bones of the pelvis and lower part of spine, and never

progress beyond this portion of the body.

The urine has almost always, when examined, contained an
excess of lime salts, pointing to the conclusion that the inorganic

constituents of bone are eliminated through the kidneys.

The disease does not of itself appear to be fatal, but a large

proportion of recorded cases have died from mechanical difficulty

arising at parturition. Apart from this cause of death, the

patients may live a very long time in a crippled and bedridden

d D 2
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condition, and die only from some inbercurrent malady. If the

ribs give way, and cause compression of the lungs, or the soften-

ing of the bodies of the vertebra; interferes with the integrity

of the spinal cord, a fatal termination may quickly supervene, and
cut short an otherwise long and tedious complaint. Recovery or

obvious improvement is stated, however, to have taken place in

twenty-two out of the 145 cases recorded by I)urham; but they

Fig. 343.—Base of Skull from a Case of Osteitis Deformans. (St. Thomas's Hospital
Museum, No. 422.)

appear to have been nearly all connected with pregnancy in which
the disease was confined to the pelvis and the lower part of the spine.

Treatment.—Beyond the ordinary and judicious treatment that

would be suggested for any chronic and incurable complaint, there is

really nothing to be done. In the early stages fractures might
unite, but later in the disease this result could not be expected to

take place.
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OSTEITIS DEFORMANS.
To Sir James

Paget we are in-

debted for the first

clear account of

this interesting-
disease. His
earliest series of

cases was published

in vol. lx. of the

Medico -Chirurgical

Transactions, 1877,

and seven others

in vol. lxv., 1882.

Since the publica-

tion of these cases

a large number
have been recorded

by other observers,

but without much
addition to our

stock of knowledge.

Single bones previ-

ously labelled in

our museums as

osteoporosis, in
which the life-his-

tory was incom-

plete, may now, we
think, be regarded

as cases of osteitis

deformans. If this

be so, one more ob-

scure bone disease

has been reclaimed

by these observa-

tions from the un-
classified group of

osseous deformities.

Causation. —
Nothing whatever
is yet known as to

its setiology. Can-
cer may now be
excluded as having
any direct influence

in this respect; and
no one constitu-

Fi£. 344.—Skeleton of a Man aged 70, affected with Osteitis De-
formans. The section of femur is from the same specimen.
(St. Thomas's Hospital Museum, Nos. 416, 417.)
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tional diathesis or disease can be traced through a sufficient

number of cases to make it probable that they have anything to

do with its origin.

Pathological anatomy.—Chronic inflammation especially affect-

ing the long bones and those of the

skull, beginning in mid life or in old

age, appears to be the most probable
pathological condition through all its

stages. Commencing as a chronic

and rarefying osteitis, in which the

normal compact tissue becomes finely

porous and reticulated, and in which
also fresh bone is formed beneath
the periosteum, it slowly undergoes
that hypertrophic and partially scle-

rotic change that we see so well

developed in the later stages of the

malady. The medulla is also filled

up with the same porous bone (Fig.

343). In Sir James Paget's words

:

"The bones enlarge and soften, and
those, bearing weight, become un-
naturally curved and misshapen."
The curvature of the long bones is

certainly seen quite early in the
disease, and it is fair to assume that

this arises from the weight of the
body acting through soft and yielding

bone (Fig. 344). Late in the disease,

when the bone can generally be
examined post-mortem, the density of

the new formation is such as to con-

tradict any idea of its yielding to

pressure. Another question arises as

to this hypertrophic rarefying osteitis.

Does the bone also lengthen 1 A few
specimens seem to indicate that such

may be the case.

In the accompanying illustrations

of a case recorded by the writer

in the Pathological Society's Transactions (vol. xxxix.), it will

be seen that, besides the ordinary symptoms of osteitis deformans,

some single bones are enlarged and curved, and, being unsym-
metrical, show evidence of elongation (Figs. 345, 346, 347).

In the right fore-arm the radius is very much curved and en-

larged, especially in its lower third, whilst the ulna is of normal

size and quite straight. The radius must here be increased in

length, for otherwise the hand would not be displaced in the

opposite direction to the curvature of the radius, the curvature

. 345.—Osteitis Deformans, from a
case under the writer's care. (Prom
a photograph.)
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alone somewhat reducing the length of a bone. The left humerus
is also, notwithstanding its curvature, from an inch and a half
to three-quarters of an inch longer than the right humerus, the
measurement being taken along the arc of this curve (Fio-s

346, 347).

Symptoms.—After middle life or in old age the first symptoms
of the disease are generally noticed. The loss of height, stooping
posture, and low position of the hands in the erect position are,

perhaps, the most remarkable features. The curved lower limbs
held apart, with the knees slightly bent and overhanging the ankles,
are still more characteristic on careful examination of the nude
figure. The vault of

the cranium is com- ':M;

paratively large for

the face, and on in-

quiry it will often be
found that larger and
larger hats have of

late years been or-

dered by the patient.

The upper part of the

spine will be seen to

be quite fixed in

its bowed position,

whilst the ribs are

crowded together
and immovable.
The breathing is, in

such circumstances,

entirely diaphragm-
atic, in a manner
exactly similar to that of spondylitis deformans. In the latter dis-

ease, however, the immobility of the spine and ribs is alone observed,

combined possibly with general osteo-arthritis. But there is no
enlargement or curvature of the long bones, and the skull is entirely

unaffected. On careful examination of the lower limbs in a case of

osteitis deformans, the long bones will be found very much enlarged,

and uniformly curved outwards and forwards from one end to the

other. Other bones may also be affected, and generally in a sym-
metrical fashion; the case previously described (Figs. 345, 346,

347) being quite exceptional.

The patients often complain of pain in the lower limbs and spine,

but it is not severe, and is generally described as rheumatism. The
general health may remain entirely unaffected, except from such

indisposition as may arise from want of exercise. Life is not

materially shortened, except possibly from the onset of such an
intercurrent malady as bronchitis, when the fixity of the chest would
materially impair the patient's powers of breathing.

Treatment.—Iodide of potassium has not been found of much

346.—The upper Extremities of the Case shown in
Fig. 345.
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value in osteitis deformans, either for the relief of pain or to check
the progress of the disease. There is no particular line of treatment
to recommend other than what common sense would dictate for

each special case.

ACROMEGALY.

This is a name given by M. Marie *

to a disease which is now recognised as

having special characteristic features, but
for which no definite pathological cause

has as yet been discovered.

Symptoms.—Acromegaly may make
its appearance at almost any period of life,

but is perhaps most frequent in the young
adult. It commences so insidiously that

the patient is unable to give any exact

account of its origin, his friends often

being the first to notice the change in his

appearance. Enlargement of the hands
and feet, which is chiefly due to hyper-

trophy of the soft parts, is the most
characteristic symptom of this curious

affection. The face is elongated and de-

formed, from the increased size of the

facial bones, especially the upper and
lower jaw, the latter being the most ob-

vious, from its projection forwards and
increased vertical depth at the chin. The
superciliary ridges are also more promi-

nent, producing a frowning aspect ; the

soft parts are more bulky, especially in

the lower lip ; but the nose, ears, and
eyelids are all noticeably thick and heavy-

looking. The general effect of the ap-

pearance is that of a dull, heavy, coarse-

featured person. The muscular develop-

ment is good, and in some cases seems to

be above the average till quite late in the

disease, so that the patient is able to con-

tinue his or her occupation, unless the

deformity of hands or feet is in any way a hindrance in the

work they may have to do. The mental functions are, as a rule,

unimpaired, although persistent headache and gradually increasing

blindness have been noticed in some of the cases. The progress

of the disease is very slow, and is shown by a gradual loss of

muscular power, so that the body is no longer held erect, the spine

becoming kyphotic or scoliotic. The bones of the extremities from
the periphery towards the trunk gradually increase in size, the

* Revue do Med., April, 1886.

Fig. 347. —Osteitis Deformans.
Bones of right fore-arm, from
ease shown in Pigs. 345, 346.

The radius is increased in

length and enlarged.
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fore-arms before the arms, and the legs before the thighs, but
this change is unaccompanied by any curvature of the long bones.*

The patient gradually becomes exhausted from general debility,

or dies from some intercurrent disease.

Pathology.—As regards the pathology of acromegaly, it

must still remain in obscurity. Enlargement of the pituitary

body, which has been frequently observed, may be a symptom
rather than the cause of acromegaly, inasmuch as it is not always
enlarged. Atrophy of the optic discs, which is present in so

many of these cases, is undoubtedly caused by the pressure of

this body. The thyroid gland has also been found altered, some-

times enlarged, sometimes atrophied, and in others normal. Per-

sistence of the thymus has also been held responsible for this

disease ; but no one of these three organs can be said to be the

cause, for in some instances none of them were affected.

Diagnosis.—The differential diagnosis has to be made from
myxoedema, osteitis deformans, leontiasis ossea, and arthritis defor-

mans. From myxoedema the enlargement of bone, if it can be
detected in the early stage of acromegaly, would be sufficiently

distinctive. The skin in acromegaly shows no alteration, and the

hypertrophy of the soft parts is confined to the hands, feet, and
face. The hair also is unaffected.

In osteitis deformans the long bones invariably become curved,

there is no special tendency to enlargement of the distal ends of the

extremities, and the face is small, whilst the skull is enlarged.

Leontiasis ossea is an affection only of the facial bones and
skull, which may become excessively and irregularly enlarged, much
more so than in any ease of acromegaly, but the soft parts are

normal, and the distal extremities are unaffected.

Virchow has pointed out that in acromegaly, as in arthritis

deformans (or osteo-arthritis), there are osteophytic outgrowths at

the articular ends of the long and short bones, and also along

the margins of the vertebrae and the large flat bones, such as the

ilium. " But there is here also a striking difference, for in

acromegaly the joint as such is not affected." "The changes are

extra-articular, and have their seat outside the ligamentous and
capsular constituents of the joint."

LEONTIASIS OSSEA.

Virchow, in his work on Tumours, applied this term to a rare

group of cases which vary much in their extent, but are similar in

their pathological anatomy. Hyperostosis of the facial and cranial

bones is the distinguishing feature of this disease. Large bosses of

bone, often symmetrical, are developed from the bones of the face

* For description of skeleton, see Broca : Archives Generates de Mid., Dec, 1888
;

Virchow: Berliner klinische Wochensehrift, Feb., 1889; Henry Alexis Thomson:
Journal of Anatomy and Physiology, vol. xxiv., 1S90. For numerous cases, see
"Essays on Acromegaly and Bibliography," with cases. New Sydenham Society,
vol. cxxxvii., 1891.

D D *
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and cranium, which slowly and steadily increase in size and produce
the most hideous deformity. The osteoma, with which it may be
compared, is an isolated outgrowth of bone, whereas hyperostosis is

an enlargement of the whole bone, all its processes being involved in

the growth. As it increases in size, it becomes very irregular, and
other bones in the neighbourhood become similarly affected. The eyes

are often displaced, from the gradual diminution of the orbital cavity,

and the nerves are compressed, from the narrowing of the foramina

through which they pass. Pain, blindness, and deformity are the

principal clinical features with which we have to contend. (See also

Article XXXVII. , on Diseases of the Head, Yol. II.)

Many years may elapse before these symptoms justify any operative

interference ; and then only when it is more or less unilateral is it

possible in such cases to interfere with advantage to the patient.

TRANSPLANTATION OF BONE.

Under this heading may be included re-implantation of bone,

which has been removed, as in trephining operations, and true grafting,

or transplantation, in which a piece or pieces of bone are removed
entirely from one part to another or from one patient to another.

With regard to the first, it was formerly the practice to divide

the disc of bone that had been removed into small fragments before

it was re-implanted. In young bone certainly this has been found

to be unnecessary if the disc is not very large. In old bone, what-

ever its size, it would probably be wisest to drill one or more holes

through it, to prevent the possibility of necrosis.

Macewen has pointed out that in returning large slabs of bone
after trephining, the best practice to ensure its continued vitality

and to maintain drainage is to punch or drill holes a quarter-inch in

diameter, so that instead of solid bone, a mere lattice-work is left.

There is no doubt about the possibility of successfully trans-

planting a piece of human bone into a freshly-made wound. Mac-
ewen published a remarkable case in the Proceedings of the Royal
Society in May, 1881, which illustrates this line of practice.

Wedges of bone were removed from the tibiae of children who
required osteotomy for deformity, and were planted between the

muscles of a boy's arm whose diaphysis had been lost a year

previously from infective periostitis. The two epiphyses were even-

tually successfully united, and the boy obtained a useful arm. The
wedges of bone were minutely divided, irrespective of the perios-

teum, and placed in a groove previously made between the muscles

of the boy's arm. The operation was performed on three separate

occasions, two wedges being used each time.

Young and vascular bone may not require such minute sub-

division ; but if subdivided, care should be taken not to crush the

bone, which should be cut as cleanly as possible. The part most
likely to be successful for transplantation is that immediately
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beneath the periosteum in a young subject, on account of the

osteoblasts.

The writer has tried transplanting portions of a long bone with

its periosteum from a puppy for a case of un-united fracture with

deficient bone formation. The wound suppurated, so that, although

a successful union was obtained after many previous failures, it is

doubtful how far the result was due to the transplantation. More
will be done in this direction now that wounds can be made to

heal without the intervention of strong antiseptics, which must in-

juriously affect the young-

cells in the transplanted

bone.

TUMOURS OF BONE.

The general pathology

of tumours is given at page
443, but it is necessary here

to go more fully into the

clinical history and treat-

ment of these diseases in

relation to the bones.

Osteomata. — Of the

innocent tumours, we may
refer first to the osteomata.

We know nothing of their

aetiology except the fact

that in the multiple osteo-

mata, occurring about the

epiphysial lines of the long

bones, they appear very

frequently to be hereditary.

There are two varieties

:

the ivory and the cancel-

lous osteoma. (See page

455.)

The ivory osteoma occurs chiefly on the flat bones, such as

those of the skull orbit, scapula, and pelvis. It is of remarkable
density, resembling throughout its structure, to whatever size it may
attain, the cortical bone from which it springs. It is generally single,

and causes little inconvenience except in special localities, such as the

frontal sinuses, orbit, auditory canal, or the interior of the skull.

(See Fig. 101.) It may attain a large size, and totally obstruct a
canal like that of the ear ; or, distending the frontal sinus, displace

the eye ; or, growing within the skull, interfere with the functions

of the brain. But except in this way, from slowly increasing pressure

on important parts, it has no direct influence upon the life of the

patient.

The spongy or cancellous osteoma is a far more common
d d * 2 •

. 348.—Osteomata («) close to Epiphysial Line of
Femur. Each is capped with cartilage, whilst its

base is continuous with the cancellous tissue of the
shaft. (St. Thomas's Hospital Museum, No. 601.)



908 DISEASES OF BONES.

trouble, is most frequently multiple, and most often first seen before

the complete ossification of the skeleton. It is always capped with

cartilage, from which it appears to grow, and is nearly always placed

close to an epiphysial line (Figs. 348, 349). An osteoma of this class

\vill be seen on section to be composed of open cancellous tissue, which
is directly continuous with
that of the bone on which it is

placed, the cortical tissue at

that spot being absent. The
removal of such a growth was,

for this reason, formerly looked

upon as a dangerous pro-

cedure, as the operation ex-

posed the medullary tissue to

wound infection, which was
then the bete noir of surgery.

It is not uncommon to find

a large number of these osteo-

mata, which are then more or

less symmetrically distributed

at the epiphysial ends of

the long bones, especially

the femora, the tibiae, and
the humeri. In such cases

there is generally, as before

stated, a family history of

similar growths. They are

most frequently seen about
the age of puberty or earlier,

and one or more may assume
large proportions. They gene-

rally cease to grow when com-
plete ossification has taken
place in the bone to which
they are attached. The cap
of cartilage then ossifies, and
becomes continuous with the

cortical bone of the shaft.

When subjected to pressure

or friction, a bursa is frequently found upon its summit. An
osteoma may, however, arise much later in life, and is then, as a

rule, solitary. In such circumstances it may grow to a very
large size, producing an irregularly lobulated tumour of bone, with
a comparatively small peduncle.

From its position, a cancellous osteoma may give rise to a very

grave inconvenience. It may interfere with the movements of a

joint, or, being placed on the inner side of the knee, prevent the

patient from grasping the saddle in riding, or, growing from the

inner side of the humerus, project the arm from the side by its

Fig. 349.—View from behind of the Specimen
shown in Fig. 348.



TUMOURS OF BONE. 909

contact with the thorax. A patient may thus really require relief
from a growth, large or small, which would otherwise be considered
quite unimportant.

Treatment.—The ivory or compact osteoma may, if small and
situated in a place where it cannot interfere by pressure on im-
portant parts, be left alone. On the other hand, it may, from its
proximity to a nerve, cause such pain as to necessitate its removal

;

or, from its growth into the cavity of the orbit, so displace the eye
as to render an operation highly desirable. There is no reason at
the present day why its removal should not be attempted. Formerly
the chisel and saw were the instruments employed, and they were
generally unsuccessful. But with the " dental engine," a carefully
conducted operation may succeed in removing the whole of the
offending part without too great

violence to the surrounding tissues.

It must, however, be remembered
that in the skull the growth may
extend into the cranial cavity in

the same way as it projects upon
the surface. The operation must,
therefore, only be undertaken when
something more than the mere
symmetry of the part or improved
personal appearance is desired.

The cancellous osteoma can be very
easily removed with the chisel, but
when there are a large number the

surgeon would naturally hesitate

before he recommended the removal
of them all. He would select only

those which were causing incon-

venience or much deformity. Most
of them are capped with cartilage, and cease to grow with the ossifica-

tion of this cartilaginous cap. Moreover, those which appear in the

adolescent period of life generally undergo this change, with the

complete ossification of the skeleton. It is, therefore, undesirable to

operate with the belief that more trouble will ensue than at present

exists. It must be borne in mind that such osteomata are generally

placed about epiphysial lines, and, therefore, in close proximity to

joints. Their removal will also necessarily open up the cancellous

tissue of bone. For these reasons it is essential that the best anti-

septic or aseptic methods of wound treatment be employed.

Of other special outgrowths of bone, the auditory osteomata or

exostoses will be considered in Art. XLL, Vol. II., and the ossi-

fication of tendons in Art. XXXIY., Vol. II. (See also page 455
and Fig. 102.) The subungual osteoma (exostosis) is capped with

cartilage, from which it continues to grow like the other cancellous

osteomata. It is attached to the ungual phalanx of the big toe, and
projects through the matrix of the nail at the tip of the toe

Fig. 350.—Subungual Osteoma, in -which the
Nail has disappeared. (From a cast in

St. Thomas's Hospital Museum.)
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(Fig. 350). The free border of the nail is turned upwards, and the

soft parts over the bony growth are frequently ulcerated from friction

with the boot. It varies in size, but is scarcely ever allowed to assume
large proportions, on account of the pain and inconvenience it

causes in walking. It is very easily removed by a sharp spoon or

gouge, but care should be taken that all the tissue covering it is also

removed. It is otherwise liable to return, probably on account
of some portion of the cartilaginous cap being left in situ.

Fibromata Of bone are very rare except in relation to the

jaws and base of skull. In the latter position they have been de-

scribed as one form of nasopharyngeal polyp. In other positions

fibromata of bone are probably intermuscular or parosteal tumours
which have only secondarily become attached to bone. They are

recognised by their exceedingly slow rate of growth. The uniform
consistence and smooth surface of such a tumour, coupled with

the absence of infiltration and freedom from pain, would be addi-

tional arguments in favour of a fibroma.

But it must be remembered that some of the more chronic

parosteal sarcomata present these features, and if treated in the way
in which fibromata are ordinarily treated elsev/here, by removal
from the tissues in which they grow, would be almost certain

to show their malignancy by an eventual recurrence. If, therefore,

a tumour apparently of this nature be removed from bone, it is

essential that a microscopical examination be made before allowing

the patient to imagine that he is safe without amputation of the

limb.

Parosteal lipoma.—For cases of this extremely rare variety

of growth attached to bone, the reader is referred to Bland
Sutton's work on ''Tumours, Innocent and Malignant," 1893, where
a series of records in the Transactions of the Pathological Society are

alluded to. A deeply-seated fatty tumour is always difficult of

diagnosis; and if, further, it be beneath the deep fascia and fixed

to bone, it may be impossible to assert its nature without ex-

ploration. (See also page 451.)

Chondroma of bone.—Some of the cartilaginous outgrowths
are mere overgrowths of normal cartilage, and are called ecchon-

droses (page 454). These are especially common in the costal cartilage

of young women, and require no treatment. They are also found on
the laryngeal cartilages, and may give rise to dangerous symptoms
when they project on the inner surface of the larynx. Along
the margins of the articular cartilages they are seen as small

rounded nodules, or " lip growths," in the osteo-arthritis of mid-
life. At the base of the triangular cartilage of the nose they have
of late received more attention than they deserve, for unless

they produce obstruction they can do no possible harm.

The true chondroma of bone arises in the medullary cavity, close

to the epiphysial end of a long bone, or between the walls and the

periosteum. It is an innocent tumour, and does not return after

complete removal. (See page 453.) With our present knowledge of
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351. — Chondroma of Metacarpal
Bone, arising from the Medullary
Canal, and covered with a thin shell

of bone continuous with that of the
shaft. (St. Thomas's Hospital
Museum, No. 5S6.)

histology we may safely assert that if it does return after complete
removal, it is almost certainly a chondrifying sarcoma. It is, as a rule,
mainly composed of hyaline cartilage, but may have a varying amount
of fibrous tissue in its matrix, or may
be mixed with other embryonic tis-

sues. In the latter case it is pro-

bably a chondrifying sarcoma. Calci-

fication or ossification may take place,

and the tumour be converted into a
cancellous osteoma, which is, as before

described, covered with a cartilaginous

cap. Fatty or myxomatous change
may also ensue, especially in the
larger growths, when the tumour is

called a chondro-myxoma, in which
distinct cystic cavities are often

found.

Situation.—In the hands and
feet they are frequently multiple,

arising in the medullary tissue of

the phalanges and metacarpal or

metatarsal bones (Figs. 100, 351).

But they are far more frequent in the

hands than in the feet. A complete
shell or plate of bone may be found upon the surface. When
multiple they do not individually grow to any great size, but cause

great inconvenience from interference with the functions of the

hand or foot (page 453).

When a chondroma
arises from one of the larger

bones, it is commonly
single, and may then

assume enormous propor-

tions (Fig. 352). The
scapula, pelvis, or the ends

of one of the long bones

are the usual sites for

one of these growths, but
scarcely any bone in the

skeleton can be said to be

free from the possible de-

velopment of a chondroma.

(See Fig. 100.) In these

situations the tumour gene-

rally grows from the peri-

osteum, and not from the

medulla ; but the bone may
Fig. 352.— Chondroma of Humerus which might pos- be partially absorbed by

sibly have "been a Chondrifying Sarcoma. (From a *t.«- » ,,

piaster cast in St. Thomas's Hospital Museum.) pressure. Many 01 these

'/:•;

&& u
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enormous cartilaginous tumours would at the present time be
classified as chondrifying sarcomata ; and the possibility of this

being the case in any large chondroma should be borne in mind by
the surgeon in charge of the patient.

Age.—The multiple tumours of the hands first make their ap-

pearance in children, about puberty, or in the young adult, and
increase slowly in size for some years, and then remain stationary.

The large single chondroma arises much later in life, and con-

tinues, as a rule, indefinitely to increase as long as the patient lives,

but without any ulterior consequence except that of inconvenience.

Diagnosis*—A cartilaginous tumour is globular in outline,

with a slightly lobulated surface. Its consistence is dense, but elastic,

and may in parts suggest the presence of fluid beneath. There is

no infiltration of the surrounding tissues, the skin and muscles

moving freely over the tumour. It merely pushes aside the over-

lying and adjacent structures, without invading them in its growth.

As a general rule, it is perfectly painless, unless some nerve be
accidentally stretched or pressed upon. It is inconvenient from its

weight and size, and may impair the function of the part involved.

But beyond this it has no influence on the duration of life. It is

exceedingly slow in its progress, taking many years in attaining any
great size. If, on the other hand, a tumour which is thought from
its consistence to be cartilaginous, should be more rapid in its

growth, some doubt may be entertained as to the possibility of its

being a chondrifying sarcoma. The rate of increase is, therefore,

the crucial point in diagnosis between a pure chondroma and a

chondrifying sarcoma.

The chondromata of the hand, as a rule, give rise to little

difficulty in diagnosis. The age of the patient, the particular bones

affected, their endosteal origin with plates of bone on the outer

surface, their slow growth and freedom from pain and tenderness,

make the diagnosis tolerably easy. Tubercular dactylitis, with which
at some stages it might be confused, is tender on pressure and
accompanied by some inflammatory infiltration ; and in the end it

softens and discharges, and generally residts in a shortened or

stunted bone. Syphilitic dactylitis produces a uniform enlarge-

ment of the whole bone, with little or no tendency to softening or

suppuration. It never produces the globular outline of a chondroma,

nor its elastic sensation on pressure. It is, moreover, probably

accompanied by a history or other signs of syphilis.

Treatment.—The illustration (Fig. 353) shows how impossible

it would be to deal with some cases of multiple chondromata of the

hand without sacrificing the part by amputation. And yet in this

case it would have been distinctly wrong to have removed his hand,

for he could hold a book and materially assist his right hand, which

was the less deformed, in his daily occupation. He was eighteen

years of age, and had had these tumours since the age of two. Till

the left hand was absolutely useless it would have been a misfortune

to him to have lost it. In other cases, however, a finger may be
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removed to increase the usefulness of the whole hand. Occasionally

the tumour may be excised from the bone in which it grows.

On two occasions the writer has succeeded in removing a
chondroma which projected only on the flexor aspect of a meta-
carpal bone, leaving the cortex on the dorsum perfectly free. The
tumour grew from the medullary cavity, as is usual in such cases,

and when removed, a thin strip of cortical bone only was left in situ

Fig. 353.—Multiple Chondromata of Hands in a Lad of 18. (From a photograph by Burgess.)

(Fig. 351). No recurrence took place, and the patients recovered,

with the perfect use of their hands.

With regard to the large single chondroma of the long and flat

bones, no definite rules can be laid down. One that is steadily,

although slowly, increasing in size should be removed, for no one can

estimate the size to which it may grow, and the very magnitude of

any subsequent operation may in the end deter the operator from
incurring the risk to life from shock. It may sometimes be removed
from the bone to which it is attached, or the shaft may be so

seriously damaged as to necessitate amputation. An exploratory

operation must be done, with permission for the surgeon to act in

each case as he thinks best for the patient. If there be any reason-

able doubt as to its innocent nature, amputation would, of course, be

the safest course to pursue.
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Sarcoma.—A primary malignant tumour of bone is always

one of the varieties of sarcoma, and must necessarily require

amputation or very serious mutilation of the part involved. (See

page 466.)

As regards the structure, little need be added to what has been

said elsewhere (page 466), except that a large proportion of sarcomata

of bone are attributed by the patients to some definite injury.

The most important distinction has to be drawn at the very out-

set between the central and peripheral sarcomata.

Central and peripheral sarcomata.—The former start, as

the name indicates, from the medullary tissue of the bone, and may
be called endosteal. The latter arise, as a rule,

in the osteogenetic layer on the surface of

bone, and are generally described as sub-

jieriosteal.

There
peripheral

parosteal.

ofis another and rarer variety

sarcomata, usually designated as

These arise in the tissue immedi-
ately outside the periosteum, and only se-

condarily invade bone. But, inasmuch as the

treatment is almost the same as for the sub-

periosteal sarcomata, it is desirable to mention
them in reference to this subject.

Pathological anatomy.—Both central

and peripheral sarcomata may be round-celled,

spindle-celled, or a combination of both. In
the central alone, if we except an epulis, is a

true myeloid sarcoma ever found.

Secondary changes may ensue in them all,

the periosteal having an especial tendency to

chondrify, ossify, or calcify, whilst the central

are more liable to degenerative softening, and
may become cystic, fatty, or myxomatous. The
central are also often exceedingly vascular : a

condition which may at one time lead to haemorrhages in its sub-

stance, and in another to distinct pulsation.

With regard to the coarse anatomy of these sarcomata, the sub-

periosteal growth shows in most cases a distinct radiation outwards
from the bone to which it is fixed. Bound these columns or lines

ossification or calcification takes place, so that the central portion

is often composed of fan-like radiating bone. As the growth in-

creases, the periosteum is farther removed from the bone, so that

the area in which the radiation may occur becomes larger and
occupies a greater part of the tumour. But bone is never found
in the peripheral part of such a sarcoma, being confined to the central

portion, if found at all, Soft new growth may also be found outside

the periosteum and within the medullary canal. All these points

are well shown in Fig. 357.

The central sarcoma starts in the medullary canal, and gradually

from whom the Speci-
men shown in Fig. 355
was removed by Ampu

.

tation.
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approaches the surface by destruction and expansion of the bone
within which it grows. The periosteum, irritated by its presence,

produces new bone, so that a complete shell or plates of bone are
always found upon its surface. This is the chief distinguishing

feature, both in the clinical and naked-eye examination of the
central sarcoma of bone. (See Figs. 355, 356.)

The maligiiancy of sarcomata of bone is shown by the tendency
they exhibit towards local recurrence after removal, by the frequent
occurrence of deposits of the same growth in distant organs, especially

;. 355.—Giant-celled Sarcoma of the upper End
of a Tibia removed by Amputation from a
man, aged 35, under the writer's care. He
had noticed in 187S some swelling after an
injury five years before. No recurrence had
taken place ten years after amputation. (St.

Thomas's Hospital Museum, No. 662.)

Fig. 356.—The outer Half of preceding Speci-
men macerated, and showing imperfect
shell of new bone. (St. Thomas's Hos-
pital Museum, No. 663.)

the lungs, and by the occasional invasion of the lymphatic glands.

The usual method of dissemination is by the veins ; hence the

frequency with which the lungs are invaded. On the other hand,

the lymphatics are very rarely involved ; and when they are so, it is

generally on account of the position of the primary growth. In a

pelvic sarcoma the glands may be very early invaded by the simple

and direct extension of the growth without travelling along lymphatic

vessels. But having once gained access to a lymphatic gland, it may
be distributed further from gland to gland by lymphatic vessels.

The sarcomata of bone differ very much in the degree of malig-

nancy they present. Some invariably return locally, or appear else-

where, no matter how early in the course of the disease or how far

removed from the seat of the tumour the operation is performed.
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On the other hand, the myeloid sarcomata so seldom return after

removal that they may almost be looked upon as benign growths.

But it is necessary here to state that such a tumour for so favourable

a prognosis must not only have a few giant cells, but must be mainly
composed of such cells to the exclusion of others. The periosteal

spindle-celled sarcoma is probably the most malignant, and, speaking

in general terms, the periosteal are all rather more malignant than
the central sarco-

mata.

Thefavourite seat

of both central and
peripheral sarcomata,

if we exclude the

jaws, which are con-

sidered in a separate

article {see pages

932 and 938), is the

articular extremities

of the long bones

;

and some bones and
some epiphyses are

more likely to be
attacked than others.

For example : the

bones of the lower
extremities are more
frequently attacked

than those of the

upper, probably on
account of their

greater liability to

injury ; and the

lower end of the

femur and upper end
of the tibia are more
commonly affected

than the other ex-

tremities of these

same bones, probably
for the same reason that the knees are more often exposed to

trivial injuries than any other parts of the lower limbs.

The age at which the sarcomata of bone most commonly arise

is that of the young adult, but no age can be said to be exempt.

The central tumours are more frequent in mid-life, and the

subperiosteal in young children, if any distinction be made between
the two as to this point of age.

Local signs and diagnosis.—The duration of the disease

before coming under observation, and the rapidity with which the

tumour has increased, are the first and most important points to which

Fig. 357.—Subperiosteal spindle-celled Sarcoma of the lower
End of Femur. Posteriorly, the growth has exceeded sub-
periosteal limits. It has also invaded the medullary
canal, and projected into the joint. From a girl under
the writer's care in 1886, aged 17, who was alive and well
eight years after amputation. (St. Thomas's Hospital
Museum, No. 637.)
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the surgeon directs his attention. As a rule, the more malignant a

tumour the more rapidly it grows. The increase in size in the more
innocent tumours may be measured by years ; whereas in the

malignant cases a few weeks or months may suffice to see a tumour
double its original size. The rate of growth amongst the sarcomata

of bone varies considerably. The subperiosteal increase more rapidly

than the endosteal, and these again vary amongst themselves

according to their different degrees of malignancy. Some opinion

as to prognosis after operation may therefore be formed from this

rate of gi'owth before removal.

To distinguish between the central and peripheral sarcomata of

bone is the next most important point in the diagnosis and conse-

quent treatment. The central tumours are spherical in outline,

whilst the periosteal are long and fusiform in the shaft and pyriform

at the extremities of a bone, with the base or broader part directed

towards the articulation. This gradual diffusion along the shaft of

a long bone, with infiltration of the surrounding tissues, is very cha-

racteristic of a periosteal sarcoma, which may be at first localised on
one side only of a bone. The central or endosteal sarcoma has a

distinct bony capsule or plates of bone on its surface, and if the parts

beneath are soft and yielding, will often give on pressure a curious

rustling sensation or egg-shell crackling. The periosteal tumour, on
the other hand, will be smooth or tuberous on the surface, with no

bony plates, but a hard and unyielding centre.

Pulsation is of frequent occurrence in the central tumours of the

long bones, especially in the articular extremities. It is also found

in some of the multiple periosteal sarcomata of the flat bones. Pul-

sation over a small area of the upper end of the tibia was in one
instance under the writer's observation the only symptom present of

an endosteal sarcoma. There was no swelling and no expansion of

bone. When submitted to operation, the interior of the head of the

tibia was found to be replaced by a soft, almost diffluent, marrow-
coloured growth, which on microscopical examination proved to be a

giant-celled sarcoma.

Spontaneous fracture may occur in either the central or peri-

pheral sarcomata ; in the latter it depends upon the occurrence of

an extension of the growth through the Haversian canals to the

medulla. Occasionally it has been the first indication of the disease,

when the tumour has then grown with very great rapidity.

Pain is almost always a prominent symptom, and is often the

means by which the patient's attention is drawn to the presence of a

local swelling. It is sometimes so severe as to induce the patient to

submit to what might on other grounds be considered as an operation

of doubtful utility. On the other hand, it may be entirely absent in

a central myeloid sarcoma.

The size to which a sarcoma of bone may grow varies enormously,

and no opinion as to its nature can be formed from this circum-

stance alone. In one case, whilst still quite small, general systemic

infection may have already taken place, whilst in another the
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very largest tumour may be removed without recurrence of the

disease.

The diagnosis of a sarcoma of bone from a simple tumour, such

as a chondroma, is generally easily made from the history of its

rate of growth, its varying consistence in different parts, and the

presence of pain. A chondrifying sarcoma may, however, present

some difficulty, and the rate of growth may be the only means of

arriving at a definite conclusion. (See page 912.)

In very rare and exceptional circumstances some forms of in-

flammation of bone may be mistaken for sarcoma. (See page 887.)

A pulsating tumour of bone may at times present very great

difficulty in diagnosis from an aneurysm. This is especially the case

about the pelvis or groin or in the popliteal space. The points of im-

portance would be the exact situation of the growth, which might be
out of the direct line of the main vessel, the presence of bony plates

upon the surface, or the ill-defined outline in the periosteal growth,

the less impulsive character of the pulsation, and unaltered condition

of the arteries below. But the most experienced surgeons have
ligatured arteries, on the supposition that the swelling was an
aneurysm when the subsequent course proved it to be sarcoma of bone.

Treatment. 1. Subperiosteal sarcoma.—Amputation at the

earliest possible moment should be done for the most malignant
of the sarcomata of bone : namely, the subperiosteal. At one time it

was thought necessary to remove the whole bone from which the

tumour arose : e.g. by amputation at the hip-joint in a case of sub-

periosteal sarcoma of lower end of the femur. The mortality from
the operation alone was consequently very high, and the patient, if

he lived, was still found to be exposed xo the same risk of dissemi-

nation of the growth in the lungs as if he had been submitted to an
amputation at a less dangerous spot. Provided there is sufficient

room for performing amputation through tissues free from infiltra-

tion, there is no reason, with our more recent experience, for a

removal so high as at the joint above the bone involved. There
should, however, be plenty of room, and skin-flaps with circular

division of muscles at the spot where the bone is sawn would be
safer than any variety of muscular flap, for the periosteal growth is

liable to spread upwards between the fibres of any muscle which is

involved at the primary seat of infection. The sawn section of bone
also, in such a case, should be carefully inspected, to see that there is

no medullary growth from extension through the Haversian canals.

With these precautions, an amputation may be done through the

bone which is the seat of a subperiosteal sarcoma. If the disease

be not eradicated, it is as likely to appear in the lungs as in the

stump, provided that the amputation has been done at a fair

distance from the tumour.

Occasionally the pain may be so severe and distressing as to

induce the patient to submit to an amputation, even when he is

assured that little hope can be entertained of a permanent relief

from the disease.
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Parosteal sarcomata, although less malignant, must be treated on
almost the same lines as the subperiosteal, as they infiltrate the
surrounding tissues, and cannot be dissected off the bones without
the danger of local recurrence (Figs. 358, 359).

2. Endosteal or central sarcoma.—Being, as a rule, much less

malignant than the subperiosteal growth, re-section of the portion of

bone involved, or an amputation close to the disease, may fairly be
entertained. If there be good reason to think, from its comparatively
slow growth and pulsation, that it is a giant-celled sarcoma, re-sectiou

should always be done, provided that a useful limb will be left

Fig. 358.- -Parosteal Sarcoma from Foot of a Woman aged 40, under the writer's care. Four
years' history of growth. (From a photograph.)

behind. This is certainly the case in the bones of the fore-arm, but
in the femur and tibia some doubt may reasonably be felt as to

whether the patie-nt will not be better off after an amputation than
after re-section, although by either method the disease may be

eradicated. If the central growth proves after excision to be a

round or spindle-celled sarcoma, the case must be most carefully

watched, as local recurrence is much more likely to take place than

after a giant-celled sarcoma. Amputation well above the limits of

the disease must be at once performed on the first suspicion of such

a recurrence of gi'owth.

Sarcoma of individual bones. Tibia.—Periosteal sar-

coma in the lower third of this bone will require amputation

through the knee-joint by one of the various methods, at the option

of the surgeon. In exceptional circumstances the amputation might
be successfully accomplished just below the knee, through the
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tibia, but great care must be taken that the soft parts are really

free from infiltration. If the disease be situated in the upper third

of tibia, the amputation must be done through the lower third or

middle of thigh, according to the extent of growth. An endosteal

sarcoma of tibia may be removed by amputation, just above the

disease. A re-section would leave a useless limb.

Fibula.—A periosteal sarcoma should be removed by amputation

on the same lines as for the tibia.

An endosteal sarcoma of the fibula may fairly be submitted to

re-section, and the case carefully watched.

Femur.—In the lower third of the femur a subperiosteal sarcoma

would require amputation as high up towards the hip-joint as safety

to the patient from shock would dictate. Skin-flaps and sawing

through the neck of femur or trochanters would probably be as

Fig. 359.—Parosteal spindle-celled Sarcoma between the first and second metatarsal bones.
From the case shown in Fig. 35S. Removed by Lisfranc's amputation, 1890. No recur-
rence four years afterwards. (St. Thomas's Hospital Museum, No. 2589.)

serviceable, so far as local recurrence is concerned, as disarticulation

at the hip-joint. See Fig. 357, where success was obtained by a

much lower amputation.

In the middle of the thigh nothing less than amputation at the

hip-joint, with short skin-flaps, would be of any avail. And even
this can only be successful quite early in the disease, or where it

appears not to have spread rapidly along the shaft. A subperiosteal

sarcoma in the upper end of the femur must be regarded as hopeless

from an operator's point of view.

An endosteal sarcoma of the femur would require amputation
immediately above the disease. In the head and neck of femur

—

where, however, it is exceptionally rare—re-section might be thought
of on account of the dangers of amputation through the hip-joint.

If there be a doubt—as there well might be—as to the nature of the

tumour on account of its distance from the surface, an exploration

might first be made. If found to be an endosteal growth, re-section

would, perhaps, be the best treatment, especially if there were
reasons to think that the case was one of giant-celled sarcoma.

Radius and ulna.—Periosteal sarcomata of the lower thirds of

these bones must be treated by amputation just below or just above
the elbow-joint, according to the extent to which the growth has
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invaded the soft parts of the fore-arm. In the upper third amputa-
tion through the middle of the humerus would probably be necessary,

so as to be quite clear of the muscles arising from the condyles.

Central sarcomata of both radius and ulna should be treated by
re-section. The writer has successfully removed both the upper
and lower end of the radius for myeloid sarcomata, leaving in each

case a useful hand and fore-arm.*

Humerus.—Disarticulation at the shoulder-joint or amputation
through the surgical neck will probably be required for a sub-

periosteal sarcoma of the middle and lower thirds of the humerus.
For the same disease in the upper third of the bone, the removal of

the upper limb, with the scapula and a portion of the clavicle, may
be the only effectual way of relieving the patient.

An endosteal sarcoma of the humerus should, if possible, be

treated by re-section, for even if no union can be obtained after

operation, some mechanical contrivance will render the hand ser-

viceable.

Clavicle.—The circumstances in which this bone may be suc-

cessfully removed for periosteal sarcomata are very rare. Bland
Sutton f has removed the acromial end for a giant-celled sarcoma
with success. (See Fig. 115.)

Of the flat bones, the scapula has been frequently removed in

whole or in part for sarcoma. The lower segment especially can be

successfully excised ; but the removal of the whole bone, and witli

it the arm and outer half of clavicle, which would generally be

necessary, is a formidable operation, almost comparable in its results

with disarticulation at the hip. The new growth is also nearly

certain to reappear in the lungs.

Portions of the pelvis may at times, in quite the early stages of the

disease, be capable of removal, but the possibility of doing this will

always be exceptionally rare.

If either the skull, sternum, or pelvic bones are invaded by

sarcomatous new growth, it will generally be found, on careful

examination, that there is more than one tumour : a condition which

would quite preclude any operative interference. This is especially

the case in the subperiosteal sarcomata of these bones. And mor<i

than one bone is then often simultaneously affected, when a wide

and rapid dissemination may generally be expected.

The prognosis of sarcomata of bone may be gathered from

what has been previously said as to their malignancy. But after the

tumour has been removed and examined, a much safer opinion can

be given as to the probable result. It would be wise, therefore, to

withhold a decided opinion till the necessary operation has been

performed.

Carcinoma Of bone.—As a primary disease, it is almost un-

known ; in fact, it is believed by many to be impossible, as there are

no epithelial tissues from which it could arise. Secoudary growths are

* Clin. Soc. Trans., vol. xxvii., 1894. t Clin. Soc. Trans., vol. xxiv., 1891.
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not uncommon, especially after scirrhus of the breast. In these cases

carcinoma may develop in the cancellous tissues of any of the bones,

and may give rise to spontaneous fracture or to persistent pain. In
the latter the post-mortem examination may reveal secondary growths
in the bodies of the vertebrse.

Epithelioma frequently involves bone by direct extension from
the primary growth, especially in the case of the lip and tongue.

Cystic tumours Of bone.—Those which are connected with the

teeth will be found described under Diseases of the Jaws (Art.

XXXI., page 935).

Both sarcoma and chondroma of bone may contain cavities filled

with serous and bloody fluid. The large majority of cystic tumours
of bone occur under one or other of these headings, and the reader

must be referred to the preceding pages for an account of their

origin.

Hydatids may also—although very rarely—produce cystic cavities

in bone. Several specimens are preserved in the museums of the

Royal College of Surgeons, St. Thomas's Hospital, and Guy's Hos-
pital. The bone becomes thin and expanded, and gives rise to the

symptoms of a central cystic tumour. If tapped, a diagnosis may
be made from the examination of the fluid. But a spontaneous

fracture is sometimes the first indication of the disease; and an
operation for re- section has demonstrated its nature by the escape of

hydatids. The treatment would consist in the removal of the cysts,

leaving only, perhaps, a shell of bone. But under modern conditions

of wound treatment this shell may be expected to fill with healthy

granulations. Amputation would be rarely called for. {See also

page 321.)
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By J. BLAND SUTTON, F.R.C.S.,

Assistant Swrgeon to the Middlesex Hospital; Examiner in Surgery, University
of Durham. ^cv

In this section it will be convenient not only to consider diseases

of the jaws, but also the affections of those structures so closely

associated with them, namely, the gums and teeth.

Diseases Of the gums.—The muco-periosteum in immediate
relation with the alveolar borders of the jaws is liable to a variety

of diseases.

Overgrowth.—This affection, often spoken of as " hyper-

trophy," consists of a general increase in thickness of the gums,
which in some cases is so marked as almost to obscure the teeth.

The mucous membrane, in severe examples, forms a vascular fold

on the lingual and labial aspects of the teeth, especially the incisors

and canines. It occurs in children, but the extreme cases are met
with in young adults. The cause is quite obscure.

Treatment.—Scarification with a scalpel or Paquelin's cautery

after the parts have been cocainised. When the gum hangs in

pendulous flaps, the redundant tissue may be excised.

Lead staining'—In chronic plumbism a blue line exists at

the dental margins of the gums, due to a deposit of sulphide of lead.

The metal, contained in the blood as a soluble salt, combines with

the sulphur of the sulphuretted hydrogen set free by decomposition

of food particles in the mouth.

Treatment.—The general treatment is to determine the cause of

the plumbism, and administer iodide of potassium with the object

of dissolving the lead deposited in the tissues. Quinine and iron are

useful. Local treatment, such as the removal or stopping of carious

teeth and the regular use of the toothbrush, is indicated.

Spongy gums.—The gums are liable to become swollen and

engorged from a variety of causes, general as well as local. Among
the more important general causes must be included scurvy, syphilis,

and chronic mercurialism. Local causes are stomatitis and alveolar

abscess.

Spongy gums are often very tender, mastication being a distress-

ing process ; they bleed freely and exhale a foetid odour.

Treatment.—Remove the cause ; improve the general health by
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tonics and a liberal diet ; keep the mouth clean by the frequent use

of astringent washes.

Alveolar abscess.—In the great majority of cases abscesses

in connection with the alveolar borders of the jaws arise in the

sockets of teeth, and are due to septic changes in the pulps of teeth,

the roots of carious, or dead teeth.

The simplest form of alveolar abscess is that known as "gum-
boil," which is a small collection of pus immediately beneath the

gum, and is almost invariably associated with a carious or dead
tooth.

The deep variety of alveolar abscess begins around the root of a

tooth. The course of events in many cases is the following :—

A

portion of the crown or neck of a tooth is slowly destroyed by caries,

or by accident, and the pulp is exposed : septic inflammation follows

and pus forms in the pulp chamber. The septic changes extend

along the root or roots and establish suppuration in the socket of the

tooth, giving rise almost invariably to "toothache," which persists

until the pus finds a way of escape. The pus may well up around
the neck of the tooth, or so expand the alveolus in relation

with it as to perforate the thin shell of bone, and burrow between
the alveolus and muco-periosteum ; it may then point in a variety

of directions, according to the situation of the initial focus of

suppuration.

In many cases it points at that portion of the gum immediately

in relation with the tooth. Alveolar abscess in connection with a

lateral incisor, second bicuspid, or first molar of the maxillary (upper)

set, will point in the roof of the mouth, or may even extend back-

wards to the soft palate. An abscess connected with the central

maxillary incisor will sometimes open on the floor of the nasal fossa.

Pus connected with the second bicuspid, the first or second molar,

may open into the antrum ; when connected with any of the maxil-

lary (upper) teeth it may open in the roof of the mouth, or any part

of the cheek, and it has been known to point at the inner canthus or

the orbit.

An alveolar abscess connected with the mandibular (lower) teeth

usually points on the gum or mucous membrane between the cheek

and gum. In a severe case, it will burrow beneath the mucous
membrane and gain the connective tissue beneath the skin of the

cheek and buccinator muscle. Pus will sometimes travel long dis-

tances and point on the cheek, in the submaxillary region, at the

chin, or even as low as the clavicle. Alveolar abscess pointing at

the chin is usually associated with the mandibular (lower) incisors.

The signs of an alveolar abscess are, in the early stage, toothache :

as the suppuration becomes established, pain and swelling of the

jaw, furred tongue, raised temperature and other febrile symptoms,

and enlargement of the adjacent lymph glands, and, in exceptional

instances, pyaemia and death.

Treatment.—Ascertain the cause, searching particularly for

carious teeth, dead teeth, or hidden roots left behind during extraction.
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If the tooth is hopelessly destroyed, or is reduced to its roots, it

may be extracted. In veiy many cases a free incision into an
alveolar abscess will relieve pain, the sinus will often close, and
after the inflammation subsides a dental surgeon will treat, success-

fully stop, and thus preserve the tooth. When a troublesome sinus

persists after the drainage of an alveolar abscess, the offending tooth

should be extracted.

Many persistent sinuses are due to a small fragment of root left

in the .socket after extraction of the tooth, or to a small piece of

necrosed bone.

When an abscess forms after a tooth has been "filled" it is

necessary to extract it, unless the patient is willing to submit to

drilling of the tooth. This can be carried out under gas, and
may save the tooth. An abscess at the root of a dead tooth is

occasionally treated in this manner.
Whenever possible, incisions into alveolar abscesses should be

made in the mouth.

Abscess (empyema) of the antrum.—A collection of pus
within the antrum is in nearly all cases secondary to suppuration

connected with teeth, especially the second bicuspids, and the first

and second molars of the maxillary set. Inflammation, and occasion-

ally suppuration, of the antrum may be due to extension from
adjoining cavities. An antral abscess in some cases follows injury

to its walls.

The presence of pus within the antrum is indicated by local pain,

which is sometimes very acute, but more often of a dull aching

character. There is often tenderness, and the gum, as well as

the mucous membrane of the nasal fossa of the affected side, is

swollen, inflamed, and tender. Febrile symptoms attend the forma-

tion of pus, which sometimes declares its presence by trickling from
the nostril when the head is bent forwards, or into the pharynx when
the patient is lying on the back.

Occasionally, in acute cases, the overlying skin is inflamed, and
epiphora, due to implication of the nasal duct, is by no means rare.

Pus may collect in the antrum, and give rise to very few
symptoms, and these may be ambiguous. This condition is known
as " latent empyema of the antrum."

Exceptionally, suppuration in the antrum may be due to a fungus
—e.g. aspergillus Jurnigatus.

Diagnosis.—In a large proportion of the cases in which the

symptoms indicate a collection of pus within the antrum as their

most probable cause, it is by no means an easy matter to come to a

certain diagnosis. This is due to the fact that the signs relied upon
as indicative of an antral abscess are simulated by inflammation of

adjacent cavities—for example, the nasal fossa, frontal sinus, and
even the naso-pharynx. It is also important to remember that it is

sometimes extremely difficult to decide between an antral abscess and

a tumour growing in this cavity before it has begun to expand its

walls.
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There are two important signs of pus in the antrum. Of these

the most certain is the periodical discharge of pus from the nose,

in conjunction with the symptoms already detailed. The second
sign will be found on examining the upper bicuspid and molar teeth,

and if one of these be found with an exposed pulp, or recently filled

with stopping, or dead, or reduced to a stump, it should be very
carefully tested and extracted. In many cases thus treated pus
will follow the withdrawal of the tooth.

Failing this, the surgeon may resort to what is known as trans-

illumination of the antrum. A small but powerful electric lamp is

introduced into the mouth of the patient (sitting in a dark room, or

with his head covered with a dark cloth). The
lips are then closed, and the current turned on.

If the antrum is clear, a translucent curved band
of light immediately appears beneath each lower
eyelid. Should the cavity contain pus, this band
of illumination is absent. There are many falla-

cies in this test. When the translucent bands
appear, it is quite certain that no pus is present.

Should the antrum remain opaque (and this hap-

pens with some healthy antra), the opacity may
be due to a turnout', or to pus ; and it is quite

possible for an antrum to be occupied with fluid

(not pus or blood), and yet remain translucent.

Transillumination, though limited in its applica-

tion, is nevertheless useful.

Another method of determining the presence

of pus is to cocainise the nasal mucous membrane
over a limited area immediately under the anterior

part of the inferior turbinal, and then tap the

antrum with an exploring syringe. This method
is useful in cases of latent empyema of the

antrum.
Pas sacs.—In connection with alveolar and antral abscesses, it

is necessary to describe the pus sacs sometimes met with at the roots

of carious teeth.

It occasionally happens in extracting carious teeth, or stumps,

to find at the apex of the root a small fibrous sac which may be

scarcely larger than the head of a pin, or it may be as big as a

bantam's egg ; the average size and shape of the sac are those of an
apple-pip. The cavity of the sac is usually filled with pus or fluid

rich in cholesterine.

Pus sacs occur in connection with the roots of the mandibular

and maxillary teeth ; they sometimes attain a large size in the upper

jaw when they invade the antrum, and it is probable that some of

these cysts are of sufficient size to simulate an abscess or a cyst

of that cavity. Pus sacs in connection with the mandible have

been observed as large as a pigeon's egg (Fig. 360). These pus

sacs are chronic abscesses, and the sac is formed of fibrous tissue

Fig. 360.—Pus Sac at

Boot of a lower
Molar. Nat. size.

(Trans. Odonto. Soc,
1894.)
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lined with granulations such as usually beset the wall of an
abscess.

Treatment.—This is the same as that used for abscesses in

general—evacuation through the most dependent part. When the

suppuration is due to a carious tooth, extraction of the tooth and
the enlargement of its aperture of communication with the antrum
will afford good drainage. It may be necessary from time to time,

when the discharges are offensive and abundant, to irrigate the

cavity with some mild antiseptic solution.

When the teeth are sound the cavity may be perforated with a

bone-drill through the canine fossa, and drainage, assisted with
free irrigation, resorted to. As soon as free drainage is established,

many cases do well and rapidly close ; in others, a sinus persists for

many months. In such it is well to make a thorough search for

dead bone, pieces of teeth, and foreign bodies within the antrum.

Diseases Of the bone.—The jaws in common with other bones

are liable to periostitis and necrosis.

Acute periosteal abscess.—The most frequent cause of this

affection is injury, and it is common as an extension of alveolar

abscesses.

Periosteal inflammation and abscess of the jaws are accompanied
by the usual signs of periostitis, such as a local swelling attended

with severe pain and swelling. General febrile symptoms are

markedly manifest.

Treatment.—Immediate incision into the inflamed and swollen

tissues, made, whenever practicable, through the mucous membrane,
so as to avoid external scars ; the incision should extend quite down
to the bone, or there will be great risk of necrosis and a troublesome

sinus ; all these complications may often be avoided by prompt and
free incision. When the case has been allowed to run its own
course and destroy the underlying bone, the sinus must be main-
tained until the necrosed bone separates. The sinus is then dilated

or slit up and the dead bone removed.
Necrosis.—This condition may follow injury, alveolar abscess,

and syphilis, excessive use of mercury, irritation from the fumes
of phosphorus, and tubercle. Extensive necrosis of the jaws occurs

as a sequel to the acute exanthemata and typhoid fever. {See page 884.

)

In cases where necrosis follows an alveolar abscess, the amount
of bone which dies is usually very limited, and in most cases involves

merely a superficial lamina of bone. Where it occurs as a sequel to

scarlet or typhoid fever, the greater part of the maxilla or mandible
may die. In such cases the suppuration is very profuse, and the

necrosed jaw will be found quite loose, merely lodged in a bag of

muco-periosteum. It is a curious fact that when the body, alveolar

and palatine processes of the upper jaw necrose, although the peri-

osteum remains, new bone is not produced. On the other hand, the

whole of the body of the mandible and a large portion of its rami
have been destroyed, and a new lower jaw has been formed by the

periosteum, as the shaft of a long bone would be produced under
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similar conditions. It is said, however, that a mandible reproduced
under such conditions is not permanent, but slowly re-absorbs. This
is not true in all cases. In at least one instance a boy "was able

to crack a nut with a mandible of this kind ten years after its

reproduction. (Warren Tay.)

Phosphorus necrosis.—This curious and now rare disease

arises from the effects of the fumes of phosphorus on the exposed
pulps of teeth, and then upon the bone of the jaws. The rarity

of this disease is due to the compulsory (Factories Act) examination
of operatives, leading to the rejection of those with dental caries,

and the employment of red amorphous phosphorus in the place

of the yellow, easily oxydisable form of this element. (/Seepage 884.)

The three chief features of this disease are : its insidiousness, the

extent to which it may involve the jaws, and, coincident with the

destruction of the bone, the formation of a sheath or shell of porous

osseous material. The soft tissues overlying the jaws are swollen,

spongy, and bleed freely on slight provocation. As soon as the dead
bone is removed, the investing sheath of porous bone is, as a rule,

quickly absorbed. The greenish colour of the necrosed fragments

is often a striking feature.

Although in the majority of cases phosphorus necrosis is met
with in those employed in the manufacture of lucifer matches, it

may occur in other circumstances ; thus, in one instance, a man
suffered from this variety of necrosis in consequence of sucking

habitually a piece of ginger which he carried in his waistcoat pocket

with lucifer matches. In exceptional instances, fatal pyaemia and
abscess of the brain have supervened on phosphorus necrosis.

Treatment.—Necrosis of the jaws is treated on the principles

applicable to bones in general. As a rule, wait until the dead bone

has separated before attempting its removal. During the waiting

period means must be taken to allow of free escape of pus, and the

patient strictly enjoined against swallowing it. The mouth is kept

clean by the free use of lotions containing tincture of myrrh, or very

weak solutions of Condy's fluid. The last preparation produces a

superficial discoloration of the teeth, but it is easily removed by
the use of a rotatory brush. Stumps of teeth in relation with the

diseased segment of the jaw should be removed.

Affections of the jaws—such as alveolar abscess or caries, and

many cases of necrosis—would be prevented if individuals would seek

more timely aid from the dental surgeon. As soon as dental caries is

detected its course, under proper treatment, will not only be arrested,

bat the pulp of the teeth may be saved exposure ; and even if ex-

posed, the prompt devitalisation of a tooth, by destroying the pulp

by means of arsenic, etc., would often prevent the formation of

alveolar abscess.

PyorB'h©3a alveoEaris.—This disease consists of slow removal

of the alveolus, and gradual loosening of the teeth, accompanied by a

muco-purulent discharge from the free edges of the gums.

The disease begins with a very slight degree of inflammation of
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the gum and alveolar-dental periosteum, accompanied in the majority
of cases by a deposit of tartar on the denuded surfaces of the teeth
beneath the level of the gum. This tartar sometimes occurs in small
nodules, or it may form large masses on the roots.

Pyorrhoea alveolaris may be limited to a few teeth, but in many
instances it attacks the whole set, and renders a mouth edentulous.

There is reason to believe that this malady may be constitutional

Fig. 361.—Leontiasis Ossea. (St. Thomas s Hospital Museum.)

in origin. Other careful observers deny this and maintain that it is

a local affection.

Treatment.—This is very unsatisfactory. It consists in removing

^11 tartar from the teeth. The swollen margins of the gums
should be swabbed with a solution of percbloride of mercury (1 in

5,000). Some writers have reported benefit from the use of pure

carbolic acid or powdered sulphate of copper, applied to the groove

between the teeth and the gum by means of a pad of cotton-wool

on the end of a probe. In severe cases the only treatment of any
avail is to anticipate the effects of the disease by wholesale extraction

of the teeth.

Leontiasis ossea.—This disease, remarkable for the hideous

E E
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manner in which it deforms the skull, is fortunately rare. Its effects

are confined almost entirely to the bones of the skull. It may attack

the cranial bones, or be limited to a few bones—such as the maxillae,

the frontal, and ethmoid.

When the disease attacks the skull generally, the bones thicken,

and encroach upon the cranial cavities; and in the case of the orbits,

nasal fossae, ethmoidal cells, sphenoidal sinuses, and the antra,

obliterates them. The nerve foramina of the skull are narrowed,

and the nerves traversing them compressed.

Of all the skull bones leontiasis ossea seems especially prone to

affect the maxillae, and the leading features of the disease are dis-

played in Figs. 361, 362. All parts of the bone are thick and dense,

the antrum is obliterated, and the body of the bone, transformed

into a solid nodular boss of dense bone, blocking up the nasal

fossae and encroaching on the orbits, displace the eyeballs. Sir

Astley Cooper stated that this woman (Fig. 362) presented a hideous

appearance, even for Billingsgate, where she obtained her living as a

fishwoman.
The disease begins during childhood and, as a rule, progresses

with extreme slowness, and rarely attracts attention until the

protuberant bosses form in the maxilla?. Gradually the nerves of

special sense are nipped and their functions destroyed. The
complete history of six patients is known. In one (Forcade's)

the disease was noticed at the age of twelve years, and the patient

died at forty-five. The best known British case is that reported

by Bickersteth. (See page 905.)

From observations on a recent case, and a study of the available

records of known specimens, especially the famous Jadelot cranium
and similar specimens from mammals (monkeys, bears, and lions),

the disease appears to be a manifestation of rickets.

Treatment.—Nothing is of any avail in staying the course of the

disease. When the bosses on the maxillae are large enough to distort

the cheeks, they may be easily removed with a chisel.

Acromegaly.—The jaws, especially the mandible, are con-

spicuously affected in this extraordinary disease, and produce the

profound alteration in the physiognomy which gives such a marked
character to this affection. (See page 904.)

Actinomycosis.—This disease may attack any part of the

alimentary tract, and has been on several occasions observed in

the jaws, to which it gains access by means of carious teeth. The
fungus (actinomyces) has been detected in the cavities of carious

teeth, which seem to offer favourable conditions for its development.

There is reason to believe that the fungus may be present and cause

no harm. Occasionally, however, it gives rise to inflammatory
troubles, which in their beginning simulate an alveolar abscess or a
sarcoma. The swelling rapidly increases, involves surrounding tissues,

and implicates the skin. Sinuses form and discharge serous or

purulent fluid containing small yellow grains, which contain cluster

of actinomyces, and lead to the identification of the disease. The
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adjacent lymph glands enlarge. Secondary foci of the disease may
develop in the lungs or intestine. (See pages 49 and 314.)

The disease is very grave, and may terminate in death within a

Fig. 362.—Leontiasis Ossea. (After Bickersteth.)

few months. Occasionally it runs a more chronic course (one to two

years).

Treatment.—This to be effectual must be radical : prompt removal

of the diseased tissues by scalpel and sharp spoon. To be of any real

E E 2
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service, these measures must be adopted in the earliest stages of the
disease, before there is wide infiltration of tissues, or secondary foci

in internal organs.

TUMOURS OF THE JAWS.

These will be considered under four headings, according as they
arise from (1) bone, (2) gums, (3) teeth, or occupy the (4) antrum.

1. Tumours arising" in bone and periosteum of the
jaWS.—These belong to the same genera as those common to bones
in general, and include osteomata and sarcomata;

Osteomata.—These are somewhat rare tumours, more frequent
on the mandible than the maxilla, and are usually sessile (Fig. 363).

Fig. 363.- Osteoma of Mandible. (St. George's Hospital Museum.)

Ma»ny cases, formerly described as osteomata or exostoses of the

jaws, were examples of leontiasis ossea, shells of bone due to ossifica-

tion of periosteal sarcomata, and large odontomes. Localised out-

growths of bones, often described as exostoses, are not infrequent in

connection with the nasal process of the maxilla. The affection is

sometimes bilateral (Fig. 364) and its cause is obscure. Small
irregular nsseous prominences often occur along the alveolar borders

of the maxilla and mandible. (See page 907.)

Sarcomata.—These occur at any age, even in infants a few
months old. They usually spring from the periosteum or muco-
periosteum, and are equally common in both jaws. They belong

to the round and spindle-celled species ; and, as a rule, grow with

great rapidity, recur quickly after removal, and attain to great

proportions (Fig. 365).

The spindle-celled species, as is usual with these tumours in

other situations, often contain tracts of hyaline cartilage ; hence

many tumours, erroneously described by previous surgical writers

as enchondromata of the jaws, belong to this species of sarcomata.

Sarcomata springing from the gums usually project into the

space between the cheek and the teeth ; when large, they produce
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Fig. 364.—Bilateral Exostoses of the Nasal Process
of the Maxilla. (After Hutchinson.)

great displacement of the teeth and marked alterations in the con-

formation of the alveolar borders of the jaws. When very large

they will protrude beyond the

lips. These tumours were
formerly called " malignant
epulides." (See also page 914.)

Periosteal sarcomata of the

jaws are rare before the age
of fifteen, but they are occa-

sionally found in very young
children. (See also page 914.)

Myeloid sarcomata occur

in the maxilla, and, as a rule,

arise in connection with the

nasal or alveolar processes, and
occasionally in the pre-maxilla.

In the mandible they spring

from the body of the bone, and
expand its inner and outer

plates.

To judge from current de-

scriptions, it would be ima-

gined that myeloid sarcomata

are fairly frequent in the

alveolar borders of the jaws ; this error is due to the circumstance

that sufficient attention has not been devoted to sarcomata arising

in connection with the

developing teeth. When
the specimens preserved

in museums as examples

of myeloid sarcomata

are critically examined
they will be found to

fall in three categories :

(1) fibrous odontomes
;

(2) sarcomata origi-

nating in the follicles

of teeth; (3) myeloid

sarcomata. The char-

acters of myeloid sar-

comata are described on

pages 468 and 914.

2. Tumours of

the gums.—These be-

long to four genera :

fibromata, sarcomata,

papillomata, and epi-

thelioma.

All tumours of the pjg. 365.—Large recurrent Sarcoma of Mandible.
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gum were formerly called epulides ; but when the microscope was
employed to assist in the classification of tumours, it was found that

souie epulides were sarcomatous, others fibrous, a few myxomatous,
and so on. As a consequence the term came to have merely a

topographical significance. It will be wise to restrict the term to

tumours composed of fibrous tissue arising from the gums or from
the peridental membrane.

Fibromata (epielides).—A fibroma arises either in connection

with the root of a decayed tooth or from the retained root of a

carious tooth hidden by the gums. An epulis of this character

is made up of fibrous tissue covered externally with the gingival

mucous membrane ; it may be pedunculated or sessile, and occa-

sionally two may be present. When freely excised and the stump
or carious tooth (with which they are invariably associated) removed,

the growth rarely returns. Although an epulis is seldom larger than

a walnut, it may attain a size equal to the closed fist. Such a

tumour will exercise great pressure upon the dental arches, distort

the cheek, alter the shape of the maxilla and mandible, encroach

upon the palate, and even protrude between the lips.

It is important to bear in mind that some of the most malignant
sarcomata in their early stage very closely simulate the innocent

fibromata. Prognosis in such cases should be guardedly given.

Sarcomata of the gums were referred to in the preceding

section.

Papillomata are not common, and are unimportant. They
present the usual characters of warts in other situations.

Epithelioma.—This is a frequent and very grave condition.

It may begin in any part of the gum, but appears more frequently

in the mucous membrane covering the lower, than in that of the

upper alveolar processes. It occasionally starts at the edge of

leucoplakic or ichthyotic patches, which are sometimes found on

the gums as well as on the tongue and mucous membrane of the

cheek. More frequently the disease starts near the stump of a

carious tooth, and very quickly infiltrates the adjacent mucous
membrane ; thus, whilst it is eroding the bone, it is creeping along

the mucous membrane towards the cheek on one side and the tongue

on the other. The way in which epithelioma erodes such a firm and
compact bone as the mandible is very astonishing. Similar effects

may be observed when the disease attacks the gums in relation with

the maxilla ; as the alveolar process is destroyed the cavity of the

antrum is exposed, and a foul ulcerating chasm formed. One of the

facts connected with epithelioma of the mucous membrane of the

mouth—and it matters little whether the disease begins on the

tongue, cheek, hard or soft palate, or gums—is the extraordinary

size which the infected lymph-glands in the neck sometimes attain,

whilst the ulcer scarcely exceeds 1 cm. in diameter. This is worth
bearing in mind, because an enlargement of the cervical lymph-

glands in individuals past middle age should always induce the

surgeon to examine the various recesses of the mouth and fauces
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for small, inconspicuous epitheliomatous ulcers, which are very
liable to escape detection. Death is usually due to exhaustion,
the result of pain, distress of mind, difficulty in taking food, and
haemorrhage. Many die from septic pneumonia.

3. Tumours Of the teeth.—These belong to two genera:
odontomes and sarcomata.

Odontomes.—These tumours demand careful consideration, as
they are clinically innocent, and in treating them surgeons have
performed many unnecessarily severe operations in ignorance of
the nature of the tumour.

Odontomes are as frequent in the maxilla as in the mandible.
The anatomical peculiarities of teeth tumours were considered on
page 456, which should be re-read in connection with this section.

Epithelial odontomes—These occur most frequently about
the twentieth year.

They are encapsuled
;

b

but when the over-

lying mucous mem-
brane ulcerates, they

somewhat resemble
epithelioma, and are «--

sometimes mistaken
for myeloid sarco-

mata. When large,

they erode and de-

stroy the surrounding
bone (Fig. 366).

Follicular odon-

tomes (dentigerOUS Fig. 366.—Epithelial Odontome of the Mandible. (After Peppe:

CVSts} These are ^t- ^ary s Hospital Museum.)
.' a, Divided bone ; b, teeth ; c, cysts containing a glairy fluid ; globules

most common be- of the growth,

tween the seventh

and twenty-fifth years. The clinical signs vary with their size

and situation. They may be bilateral, and as many as four may
be present. When small and impacted between the plates of

the mandible, diagnosis is sometimes difficult, but the key to

the nature of the case is furnished by detecting the absence of

a tooth, as follicular odontomes only arise in relation with unerupted

teeth. In the early stage they are liable to be confounded with

myeloid sarcomata. Later, when the tumour has emancipated itself

from the jaw, its walls expand and form a globular fluid-containing

tumour, which may give rise to fluctuation and egg-shell crackling.

When these tumours arise from the follicles of maxillary teeth,

they quickly invade the antrum ; when bilateral, they hideously

distort the face. Several cases have been recorded in which
tumours as large as the specimen represented in Fig. 367 have
occupied both antra.

Fibrous odontomes.—This species occurs as tumours impacted

in the mandibles or occupying the antra of children from the
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commencement of the second dentition to puberty. They are often

bilateral, and when associated with the six-year-old molars, produce

a curious and characteristic appearance of the face ; such patients

usually exhibit traces of rickets. These tumours may attain the size

of bantam's eggs ; as the child gets older they dwindle. Fibrous

Fig. 367.—Large Follicular Odontome (Dentigerous Cyst) occupying the Mandible.
(St. George's Hospital Museum.)

odontomes are often mistaken for myeloid sarcomata. They are

absolutely painless.

Radicular and composite odontomes.—As with other species

of odontomes, these are equally common in the maxilla and
mandible. Those growing in the maxilla are often far larger than
those found in the lower jaw, as they are able to invade the antrum.

Composite odontomes in the mandible rarely exceed a pigeon's egg in
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Fig. 368.—Radicular Odon-
toma from the Mandible.
Natural size. (Hum-
phreys and Windle.)

size (Fig. 368) ; those in the upper jaw are sometimes as big as a
bantam's egg, and occasionally exceed this size. Some large odon-
tomes from the antrum have been described as

exostoses, but careful histological examination
shows that they are composed of dentine,

cenientum, and enamel (Fig. 369).

To the present time upwards of thirty com-
posite odontomes are known; of these two-

thirds were situated in the mandible, and the.

remainder occupied the maxillae. The largest

specimens were from the upper jaws, and in

some of them the clinical facts were very

extraordinary.

Composite odontomes resemble teeth, in that for a time during

their development they remain hidden below the gum ; in due
course they enter

on an eruptive

stage, when the

suppuration,
and constitu-

tional disturb-

ance dependent
thereon, draw at-

tention to them
(Fig. 370). In
some cases the

eruption of an
odontome has

placed life in

jeopardy.

Most cases of

odontomes, when
they come under
observation, are

usually regarded

When a young

Fig. 369.—Large Composite Odontome from the Antrum. Natural
size. (T. Duka.)

as tumours of the

individual, with a

bone.

Fig. 370.—Composite Odon-
toma from the upper
Jaw. Natural size.

in the antrum are

jaws, or necrosed

tumour of the jaw, comes under observation,

it is incumbent on the surgeon to satisfy him-
self that the tumour is not an odontome before

proceeding to excise a portion of either mandible

or maxilla.

4. Tumours of the antrum.—These in-

clude the following genera :—Myxoma, sarco-

mata, and epithelioma. In addition, the antrum
is extremely liable to be invaded by tumours,

originating in the orbit, nasal fossa, naso-

pharynx, gums, and teeth.

Myxoma.—-Tumours of this genus growing

identical, and usually associated with the
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common mucous polypus of the nose. When very numerous, they

expand the body of the bone and produce great disfigurement.

The second variety of myxoma springs from the infra-orbital

nerve and invades the antrum. Its chief clinical feature is agonising

pain. Such a tumour is scarcely likely to be diagnosed until it

begins to expand the surrounding bone.

Sarcomata.—These are of the round or the spindle-celled

species, and arise from the muco-periosteum of the antrum. Their

growth leads to expansion of this cavity, and enlargement of the

maxilla, causing it to encroach on the nasal fossa and obstruct

respiration. Very often an antral tumour pushes up the orbital

plate and displaces the eyeball (proptosis) and in a certain proportion

of cases the alveolar border is depressed. The nasal duct is fre-

quently implicated, and when completely obstructed epiphora is the

consequence. Clinically, a sarcoma originating within the antrum
behaves like a central tumour of a long bone, and by degrees

processes of the tumour make their way through the thin walls and
implicate the skin of the cheek, or, projecting into the nasal fossa,

ulcerate, and give rise to frequently recurring haemorrhage. When
an outrunner of the tumour makes its way through the posterior

wall of the antrum it will enter the zygomatic and spheno-maxillary

fossae, and creep thence into the temporal fossa, or make its way
through the spheno-maxillary fissure and ramify in the orbit, or steal

through the sphenoidal fissure or foramen rotundum into the middle

fossa of the cranium.

Epithelioma.—In the majority of cases of epithelioma of the

antrum the disease begins in the gingival mucous membrane, often in

the socket of a tooth, and early invades the antrum. There is, however,

a rare disease to which this cavity is liable, named by Reclus
" epithelioma terebrant," usually rendered in English as " boring

epithelioma." It is quite open to question whether the disease is

epithelioma, but it is certainly an excessively malignant and ex-

tremely insidious disease.

It commonly attacks patients past middle life. They complain

of pain in the jaw, for which no adequate cause can be assigned.

Gradually a slight fulness is observed in the infra-orbital region,

with, perhaps, oedema of the eyelid ; the skin becomes brawny, and
at last an epitheliomatous ulcer appears in the skin of the cheek, and
the antrum is then found to be filled with a tumour. When such a

case is submitted to operation, and the skin of the cheek reflected,

the extensive inroads the disease has been silently making on the

surrounding parts will be seen to be truly extraordinary. The
greater part of the maxilla will be found destroyed, and out-

runners from the growth will be found in the orbit and among the

pterygoid muscles. The skin of the cheek is usually so infiltrated

that it must be removed. The successful treatment of such cases

demands much boldness on the part of the operator, as he will find

it necessary to sacrifice the eye and the orbital contents, the palatine

aspect of the maxilla, and a portion of the skin covering the cheek
;
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as a result, a large yawning chasm remains. Life is rarely pro-

longed, but by the removal of the tumour the patients are spared

much pain and discomfort.

Diagnosis of tumours of the jaw.—This is a matter which
in many cases is simplicity itself, and in others surrounded by the

greatest difficulties.

In the case of the mandible, the chief point is to decide, if

possible, whether the tumour arises in connection with the teeth

or the periosteum. Tumours of the teeth in young patients, in the

immense majority of cases, are innocent. In those who are over

thirty the tumours most likely to occur in connection with teeth

sockets are epithelioma and actinomycosis, and these are scarcely

likely to be mistaken for innocent affections. Tumours growing
from the bone are osteomata or sarcomata, and the hardness and
slow increase of an osseous tumour are not likely to be confounded
with the rapid growth, pain, and constitutional disturbance caused

by a sarcoma.

It is in connection with the antrum that the great difficulty

is met with. Rapid growth, bulging walls, great pain, and bleeding

from the nose are ominous indications of sarcomata ; nevertheless

many sarcomata cause no pain or even discomfort until the late

stages. Slow growth and painlessness may mean some species of

odontome. Pain, fever, and purulent discharge may indicate abscess

of the antrum or suppuration around a composite odontome.

Early signs of antral tumour are obstruction of the nasal fossa,

bulging of the hard palate or cheek, or proptosis and epiphora.

Enlarged pre-auricular and sub-maxillary lymph glands occur with
epithelioma. Lastly, nasal, orbital, and naso-pharyngeal tumours
invade the antrum, and very closely simulate primary tumours of

that cavity. A sarcoma of the ramus of the mandible is apt to be

confounded with a tumour of the parotid gland.

The most satisfactory manner of avoiding errors in diagnosis,

and consequently grave blunders in treatment, is to study carefully

on museum preparation the morbid anatomy of tumours of the jaw,

especially those illustrating their early stages.

Treatment of tumours of the jaw.—One principle only

underlies the treatment of tumours of the jaws : that is, removal

at the earliest possible moment. Unless the whole of the tumour
can be completely extirpated, no operation should be under-taken.

The mode of removal varies with the tumour. Encapsulecl tumours

—such as odontomes of all species—merely require enucleation.

Localised tumours—such as epulis and osteoma—should be excised

with a piece of the underlying bone. Diffuse tumours—such as

sarcomata and epithelioma—demand wide removal. In the case of

the mandible, it is often necessary to excise the body of the bone

from near the symphysis to the angle. Occasionally the symphysis

is excised. This is rare. In the case of the maxilla, wide removal

of the bone is nearly always demanded.
In doubtful tumours of the antrum the cautious surgeon explores

e e * 2
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it by means of a perforation through the canine fossa before resorting

to extirpation. In all cases where there is doubt as to the nature of

the tumour, cut into it before proceeding to cut it out.

Results.—The effects of treatment in the case of encapsuled

tumours are very gratifying, and with care many tumours can be
enucleated from within the mouth, and leave no external scar or

disfigurement—a matter of especial importance in the case of

females. In sarcomata and epithelioma the results of excision are

not encouraging. Patients recover, as a rule, easily enough, even

after operations of appalling magnitude ; but the disease quickly

recurs, and may demand repeated operations. Although operation

in these cases offers no prospect of permanent cure, it nevertheless

frees the patient from pain, relieves him of a foul and disgusting

mass, and in many instances not only makes life fairly comfortable,

but actually prolongs it.

In the case of myeloid sarcomata life may be prolonged many
years by operation, and in many instances the benefit is permanent.

THE TEMPOROMANDIBULAR JOINT

The diseases of this joint are : acute arthritis, chronic arthritis,

enlargement of the condyle and neck of the mandible, and anchylosis.

1. Acute arthritis.—This is occasionally due to traumatism,

but more frequently occurs as a sequel to the exanthemata, especially

scarlet fever, and as a sequel of rheumatic fever. It is more common
in children than in adults.

The symptoms are those common to acute inflammation of

joints. They are local pain, swelling, and redness. The pain is

increased by movement of the joint and by pressure. Febrile

symptoms are present.

Should the changes proceed to suppuration, the pus may point

immediately over the joint, or in children find its way into the

external auditory meatus through the foramen in the tympanic plate,

and simulate otorrhoea. Exceptionally, the condyle dies, and the

necrosis may involve the neck and outer surface of the ramus of the

mandible.

Treatment.—In the early stage rest for the joint by interdicting

speech, and supporting the chin by a soft bandage tied around the

head. The patient should be kept on liquid diet. Should the

condyle necrose, it will require excision.

2. Chronic arthritis.—-This is a somewhat unusual disease, and,

like osteo-arthritis of other joints, is incidental to advanced life. The
disease may be unilateral or bilateral. The inter-articular disc and

the articular cartilage gradually disappear, the condyle, and less

frequently the glenoid fossa undergo erosion, and the synovial

membrane becomes villous. Occasionally the margins of the fossa

become lipped, and processes of bone form around the borders of

the condyle.

In the majority of cases the patients complain of aching in
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the joint, a creaking sensation on movement, and are occasionally

annoyed by partial dislocation when the mouth is widely opened.
This condition is by no means uncommon in thin delicate women
after middle life.

Treatment.—Mild counter-irritants to the joints are sometimes
beneficial. Internal remedies are of no avail.

3. Enlargement of the condyle and neck of the mandible.
—This is a somewhat rare condition, but it produces unmistakable
distortion of the face. From the few examples which ha ye been
examined

—

post-mortem, or after removal by operation—the changes
in the condyle are those characteristic of chronic (osteo-) arthritis.

In severe cases it has been found necessary to excise the condyle
and its neck.

4. Closure Of the jaws. — This condition presents two
varieties : (1) Spasmodic and (2) organic.

Spasmodic closure of the jaws is sometimes induced in

consequence of irritation of the mandibular division of the fifth cranial

nerve, leading to reflex contraction of the muscles of mastication.

This condition is sometimes called trismus, and is occasionally due
to the impaction of a wisdom tooth. It is important to bear this in

mind, as the discovery and removal of the tooth at once brings about
a cessation of the symptoms.

Trismus is not infrequently simulated in hysterical women.
Organic closure ©f the jaws is brought about in the following

ways : anchylosis of the tempovo-mandibular joint, contractions due
to cicatrices, and defective development of the mandible.

Anchylosis.—This may be due to adhesions the result of acute

arthritis. Anchylosis has followed fracture of the base of the skull,

the presumption being that the fracture implicated the glenoid fossa.

The condition has not been demonstrated post-mortem.

Cicatricial contraction—This may follow sloughing of the

buccal mucous membrane due to cancrum oris, or to scars on the

cutaneous surface of the cheek, the results of extensive burns, or

upon the neck and front of the thorax, in very severe cases of lupus,

inflammatory infiltrations of the masseter, and operation on the face

for epithelioma, rodent ulcer, gunshot injuries, and the like.

DEFECTIVE DEVELOPMENT OF THE MANDIBLE.

Individuals occasionally come under observation, complaining

of inability to separate the jaws. On examining them the jaws

will be found so firmly closed, that in many cases food can only be

introduced into the mouth in a state of fine subdivision, and in

severe cases through a gap due to loss of two or more incisor teeth.

On examination no disease of the mandible or temporo-mandibular

joint can be detected, but what strikes the surgeon most is the

stunted character of the mandible. This produces a peculiar

appearance, owing to the fact that the face above the level of the

mouth corresponds in development to the age and stature of the



942 DISEASES OF THE JAWS.

individual, but the mandible, chin, and associated structures are

in degree of development similar to those of a child of six or

seven years of ago. These characters lead to ready recognition

of the condition (Fig. 371). Of the cause of this aifection

nothing is known.
Treatment.—Spasmodic closure of the jaw due to trouble

connected with the wisdom tooth usually responds to appropriate

measures. In fact, many cases of trismus terminate with the

eruption of the wisdom tooth. In some cases, when there is doubt

as to the position of his tooth,

the second molar has been ex-

tracted ; this has afforded space,

relieved the nerve from pres-

sure, and the tooth has subse-

quently erupted. At the time

of extracting the second molar,

a careful search should be made
for the errant third molar.

When the closure is due to

anchybsis, whether it be fibrous

or osseous, the best treatment

is excision of the condyles ; in

the most successful cases it has

been necessary

to excise both.

Some good re-

sults have fol-

lowed division

of the neck of

the condyle.

When the

closure results

from the con-

traction of a

cicatrix, the

surgeon has to

face one of the most trying cases in surgery. Attempts are at

first made by the use of lever gags and spring gags to limit

the amount of contraction, usually with little avail. Then efforts

are made to establish a false joint after the method introduced by
Esmai'ch. This consists in removing a wedge-shaped piece from the

mandible at a spot anterior to the cicatrix, the apex of the wedge
being at the alveolar border.

In less severe cases it may not be necessary to remove a wedge-
shaped piece of bone ; then Rizzoli's operation may be practised.

This consists in dividing the jaw from within the mouth by means of

cutting forceps.

Esmarch's procedure, however, is the operation usually adopted,

and it certainly gives the best results.

371.—Closure of the Jaw due to defective Development ol the
Mandible. (Humphry.)
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In some cases it may be necessary to perform Esmarch's
operation on both sides. In cases where excision of the condyles
has failed, Esmarch's operation has subsequently been practised

with success.

In closure of the mouth from defective development of the
mandible, excision of the condyles, and even division of the necks
of the condyles has been followed with very satisfactory results.

EXTRACTION OF TEETH.

Although the treatment of the teeth constitutes a very special

branch of the Art of Surgery, it is nevertheless the duty of every

medical practitioner not merely to be capable of extracting a tooth

with skill, but to understand how to save a damaged tooth. All
village surgeons and practitioners in remote stations, surgeons in

the army or the navy, and even operating surgeons in large towns,

should know how to be able to extract a tooth properly.

Teeth require extraction for the following conditions : (1) When
they are the cause of an alveolar abscess. (2) When the crowns are

so destroyed by caries that they cannot be prepared to hold a stop-

ping, or utilised for an artificial crown. (3) It is occasionally

necessary to remove a tooth when the dental arch is very crowded
and irregular in consequence. (4) Impacted wisdom teeth. (5)
When the crown of a tooth has sharp edges and irritates an
epithelioma of the tongue or cheek. (6) Canine teeth lodged

transversely. (7) All stumps should be promptly extracted. (8)

A carious tooth associated with an epulis. (9) In operations for

the removal of a portion of the mandible or maxilla. (10) When
an abscess or great pain ensues on an immediate root-filling.

It is a very pernicious practice to extract teeth simply because

they ache. In many instances the pain is due to an exposed pulp.

When this is the case, the tooth may often be saved by proper

treatment. This consists in destroying the pulp by arsenical paste
;

it is then extirpated, the pulp cavity and root or root's canal are

then rendered aseptic, and subsequently stopped.

When teeth are fractured by blows or falls the pulps should be

destroyed—in some cases the pulps may be extracted immediately

under gas—and the roots serve as admirable foundations for

artificial crowns.

The method Of extraction.—Two instruments are now used

for the extraction of teeth : forceps and the elevator. Forceps are

of various patterns, and so adapted to the different kinds of teeth,

that they may be grasped and extracted without crushing the

crowns.

It is the duty of the student to make himself acquainted with

the peculiarity of each tooth, including the number, shape, and

disposition of its roots. He should master the characters of the

forceps designed for each tooth, and watch the mode of using them
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in the extracting-rooni under the supervision of the dental surgeon.

He will then learn that teeth are extracted not by the exhibition

of great force following the indiscriminate selection and application

of the forceps, but by the skilful application of force.

There are many dangers incidental to the extraction of teeth,

such as haemorrhage ; fracture of the jaw ; extraction of the wrong
tooth, extraction of two teeth simultaneously ; the passage of a

tooth or stump, or a piece of the forceps or mouth prop, into

the larynx and trachea; fracture of the tuberosity of the max-
illa ; forcing the stump into the antrum or nasal fossa ; in-

jury to the mandibular (inferior dental) nerve or dislocation of

the mandible.

Haemorrhage after extraction.—It is rare that the loss of

blood after tooth extraction is a source of anxiety ; nevertheless

haemorrhage from a tooth-socket is occasionally severe enough to

imperil life. In many cases it is sufficient to plug the socket firmly

with a strip of lint, or small pieces of sponge dusted with tannic

acid, or persulphate of iron. In exceptional cases, Paquelin's cautery

at a dull heat may be employed. Fifteen grains of gallic acid

given internally has a useful styptic effect.

When a healthy tooth is extracted by mistake, the socket should

be irrigated with warm water to clear it of blood ; the roots of the

tooth should be similarly cleansed and the tooth replaced and firmly

pressed home. Many teeth replaced thus have retained their

position for years.

The passage of a tooth or other body into the larynx during

extraction is a very grave accident. Should the patient be under
the ' influence of an anaesthetic, and the foreign body remain
in the larynx, it will induce spasm and rapid asphyxia unless

promptly removed with the fingers, or by tracheotomy, or laryn-

gotomy.

Should it slip between the vocal cords, it may lodge in the

trachea or fall into a bronchus and set up septic pneumonia, abscess

of the lung, etc. The treatment of foreign body in the trachea is

considered in Article XLIIL, on Injuries and Diseases op the
Neck, Vol. II.

Occasionally when a tooth is extracted it slips from the forceps,

and falling upon the tongue is sometimes carried backwards into

the pharynx and swallowed. Such an event causes momentary
uneasiness to the operator.

In extracting teeth under nitrous oxide it is necessary to

remove any artificial plate worn by the patient, and in placing

the mouth-prop in position to take care that it does not rest on loose

teeth ; when two or more are to be extracted, it is necessary that

the operator should be expeditious, but he should take care that

the tooth or stump first extracted has been released from the blades

before he re-introduces the forceps into the mouth. It is a fact

that this is one of the means by which teeth get into the larynx

and trachea.
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In extracting a molar-tooth from the mandible, the beginner
is very apt to pull hard upon it ; suddenly the tooth yields, and
the forceps comes in contact with the crown of an tipper molar or
bicuspid : sometimes the concussion is so great as to knock off a
part or the whole of the crown. Knowledge of the liability should
be sufficient to prevent such an accident. Lastly, should a tooth

or stump fall into the patient's mouth, do not proceed with the
extracting until it is recovered and removed.
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C/'

Contusions Of joints. Pathology.—The local conditions asso-

ciated with contusions of a joint will vary with the nature of the

injury, and the size of the articulation involved. Heavy blows and
crushing violence, as from a spent shot or railway accident, may
inflict much damage on a joint without rupturing the skin. Thus, the

articular ends of the bones may be splintered, or blood extensively

extravasated into the cancellous tissue. The joint may be distended

with blood, and portions of cartilage, bone, ligamentous tissue, or

synovial membrane torn or entirely detached. The main vessels of

the limb may also be ruptured. In slight contusions all these severe

lesions are absent, and the only changes found are slight peri-

articular bruising, and, perhaps, some blood extravasation in the

cancellous bone, with serous exudation into the joint causing heat

and swelling. The term " synovitis " was formerly applied to these

cases. It is doubtful if extensive inflammation, in the absence of

organisms, exists, and the articular effusion may be looked upon as

merely the result of irritation.

Consequences.—In severe crushes of a joint implicating the

main vessels, gangrene may ensue, or secondary sloughing of the dis-

tended skin, the injury becoming compound. Then diffuse suppura-

tion and various septic disorders are very prone to arise. Necrosis

of the bone ends may follow, with separation of sequestra and acute

abscess. The most severe constitutional pysemic symptoms may
follow a moderate contusion of a joint, especially if the epiphysial

region be bruised in a young person, even though the skin remains

intact. The pathological explanation is not easy. It may be ration-

ally supposed that the organisms (streptococci or staphylococci) so

abundantly found in these cases gain access to the circulation

from some unsuspected source, and arriving at a part where the

normal resistance and vitality of the tissues are lowered by the

injury, are thus able to grow and multiply, forming a source of

potent general systemic infection.
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Bruising or effusion of blood at the epiphysial line may lead to

subsequent arrest of growth, and this is important from a prognostic
point of view. Effused blood is usually absorbed, but fibrinous masses
may long remain in a large joint, as the knee. Portions of bone
or articular cartilage may become permanently detached after a
severe blow, but this is comparatively exceptional, the loose bodies

found after these accidents being usually pre-existing inflammatory
formations broken off by the violence. Anchylosis may follow any
severe crush of a joint. This is usually fibrous, as the cartilages

are not entirely removed. Should the injury be compound, and
followed by suppuration and destruction of cartilage, osseous

anchylosis (synostosis) may eventuate.

Slight contusions may also be followed by tuberculous disease of

the bone in predisposed delicate individuals, by abscess and central

necrosis of the articular ends, and lastly, by the rapid growth of a

soft sarcomatous tumour. The latter affection is rare, but it may be
readily confounded with abscess, unless an exploratory puncture
be employed. Contusions and severe sprains of the larger joints in

elderly persons may originate a kind of chronic arthritis, associated

with roughening of the articular surfaces, calcareous deposits,

" lipping " of the articular margins of the^ bones, in fact, many of

the changes commonly attributed to chronic rheumatoid arthritis.

In the hip, absorption of the head of the bone may occur, with
consequent shortening. After a severe contusion of this articulation,

gradual shortening with grating and creaking on motion, and lame-

ness with loss of power over the articulation, are familiar to surgeons.

Some of these cases are, doubtless, overlooked fractures of the neck

of the femur. The majority can only be explained as the con-

sequences of chronic arthritis originated by the injury.

Treatment.—Crushes of a joint implicating the bone ends, and
rupturing the main vessels, demand amputation. As a rule, very

extensive bruises are well recovered from, if only the skin remains

intact. All the efforts of the surgeon should be directed towards

subduing the subsequent inevitable severe inflammation. The ice-

bag or Leiter's tubes should be used with caution, if the skin be

much bruised or likely to perish. The limb should be well elevated

and carefully fixed in splints ; the patient, if robust, kept on low

diet, with occasional purgation. In strong young adults, either in

sprains or contusions, when there is intense inflammatory reaction,

free application of leeches may be practised with the best results.

Should suppuration set in, or necrosis ensue, the complications must

be treated on general principles. Continuous immersion in warm
baths, or continuous irrigation will often give excellent results in

compound crushes of joints. The stream of water in irrigation

must be free, and flow from a large receptacle raised above the bed.

By this means compound crushes of the larger joints may now be

saved, which formerly would have been condemned to amputation.

I strongly advocate this treatment.

Sprains Of joints.—A sprain may be defined as a wrench or
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twist of a joint stretching or rupturing the ligaments, and associated

with intra-articular haemorrhage, and much exudation of serous fluid

about the joint and into its cavity. The tendon sheaths may be
filled with blood or exudation, or the fibrous part of the sheath rup-

tured, and the tendon displaced from its natural groove.

Pathology.—The amount of damage done to a joint in a severe

sprain varies. The ligaments being exceedingly strong, scales of bone
may be torn away rather than the ligaments themselves be ruptured.

Synovial folds may be stretched or torn. Any inflammatory out-

growth of cartilage may be detached, forming a subsequent " loose

body " in the joint. Surrounding tendons may be displaced from
their grooves, or muscular fibres ruptured ; and in the knee, a severe

sprain may be followed by a displacement or detachment of an
articular cartilage.

Diagnosis.—The diagnosis of sprain being mainly negative, too

great care cannot be exercised in giving an opinion as to the actual

nature of the injury. If much swelling has supervened, additional

caution is needful ; for in such cases the best observer may over-

look a fracture or dislocation. The presence or absence of bone
lesion is a matter of the first importance. In children, separations

of the epiphysis closely resemble sprains ; and should the surgeon

suspect this injury, he may warn the relatives of the possibility of

arrest of growth. Great care should be exercised in examining for

displaced tendon.

It is often difficult or impossible to know in what direction a

limb has been twisted in a sprain. A useful hint will soon be

given to the surgeon by the appearance of effused blood, which
will extend along that side of the limb corresponding to the torn

ligaments. The joint may then be placed in the most advantageous
position for repair. Thus the foot may be everted in extravasation

along the outer side of the leg.

Treatment.—As in contusions of joints, rest, the application

of splints, elevation, and the judicious use of cold by Leiter's tubes

or the ice-bag are efficacious in the early stages. Moderate com-

pression by a Martin's bandage or Gamgee tissue is highly recom-

mended, but, in my experience, is seldom tolerated. The skin being

sound, free leeching will be found to give great relief, when the

inevitable heat, swelling, and congestion supervene. Should the

effusion of blood and exudation into the joint be very excessive, the

limb must be well elevated, and aspiration with a fine and perfectly

clean needle and syringe may be adopted. This must not be looked

upon, however, as a routine treatment.

In the young and plethoric the diet should be low, and the

bowels kept freely open with mercurials. In all sprains, so soon

as the heat and excessive swelling have disappeared and the liga-

ments united, massage and movement, combined with the hot douche,

should be sedulously carried out, to prevent the formation of adhe-

sions. Galvanism should be employed for the disabled pei-i-articular

muscles, especially in the case of the shoulder.
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In some instances effusion long persists, with painfulness of the

joint, and imperfect restoration of its functions (chronic sprain). In
such cases, one or more painful spots are usually to be detected on
pressure about the joint, these being probably due to the entangle-

ment of nerve filaments in the healed tissue. In such cases, the

administration of nitrous oxide gas and the carrying of the limb
through all its normal movements will result in the audible rupture
of adhesions and the setting free of the nerve twigs, the symptoms
rapidly improving. The surgeon will find valuable indications as to

the time to commence movement in a sprained joint from the local

temperature. So long as a joint is hot, caution must be exercised.

When it is cool to the touch, movements may be freely adopted.

After a bad sprain a large joint is painful and insecure for many
months, owing to the weakness of the ligajtnents from rupture, and
the impairment of movement and functions of the tendons in their

sheaths. Nothing is so beneficial for these cases as prolonged

massage, with tonics and sea air, and carefully-made leather supports.

Injuries of the tendon sheaths in sprains.—Hitherto

enough attention has not been drawn to the condition of these

important structures in severe sprains or blows upon joints. Blood
is extravasated into the synovial sheaths, with serous exudation.

The subsequent organisation impedes the free play of the tendon, and
this explains the extraordinary stiffness and weakness of a joint

which may persist for months after a bad sprain. Again, the fibrous

vincula which retain the tendon in a groove may give way, allowing

actual displacement. This is well known to occur in the case of

the peroneal tendons, and it may reasonably be assumed that it

occurs elsewhere. The most cautious prognosis must be given in a

bad sprain, especially in a large joint of the lower extremity and in

those who are obese, aged, rheumatic, or gouty. The majority of

these cases may be looked upon as more serious than fractures.

Wounds of joints.—These are peculiarly dangerous injuries.

The gravity of the case will be in proportion to the size and
synovial complexity of the articulation involved, the nature of the

injury, and the cleanliness or otherwise of the instrument with

which it is inflicted. Serious examples would be a bullet wound of

the knee splintering the bone, or the opening of this articulation

with a dirty butcher's knife. An example of a favourable kind

would be the clean-cut, aseptic wound into the knee made by a

surgeon in removing a loose body, which usually heals with no local

trouble or constitutional disturbance.

Symptoms.—It is in punctured wounds that the main difficulty

arises in deciding whether the articulation is opened, and especially

is this the case when the external orifice of the wound is situate

at a distance from the joint. Two symptoms of the gravest signi-

ficance are, escape of synovia, and rapid swelling of the joint from

effused blood.

Synovial fluid may escape from a wounded bursa or tendon

sheath ; but this symptom should always lead to great care in
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treatment, and injudicious probing should be avoided. Immediate
swelling of the joint is sufficiently conclusive, in cases of punctured
wound, to lead the surgeon to suspect that the articulation has
been opened.

In favourable cases, beyond a little transient effusion, nothing
of note happens ; the wound heals, and the articulation is soon restored

to its ordinary state. In neglected punctures, and especially in

dirty wounds, the phenomena of acute intra-articular suppuration

ensue, and tetanus may possibly supervene if earth or street soil has

gained access.

AcHte septic arthritis, abscess of joint, intra-articular
abscess, suppurative synovitis. Symptoms.—The joint rapidly

swells, becomes red and dusky, very hot, and intensely painful, the

integuments pitting on pressure. It is Tisually flexed, and any attempts

at movement are dreaded and resisted, the patient shrieking out

with pain and apprehension. Occasionally, the muscles spasmodically

contract, rubbing the inflamed articular surfaces upon each other.

When the cartilages are eroded and the carious bone ends are thus

rubbed together, agonising " jumping " pains arise, so familiar in

these cases. This symptom is marked at night when the patient

is " dropping to sleep," and the control of the will is temporarily

removed from the irritated nerves and muscles. It quite prevents

sleep or rest. The patient is in high fever, with a dry tongue, and
in bad cases may be delirious. Rigors, sweating, and " secondary "

abscesses may indicate pyaemia. As the case progresses, the whole

limb swells enormously, and abscesses form, burrowing among the

muscular planes. These, when opened, leave discharging sinuses,

communicating with the now carious bone ends. The joint may
become displaced and totally disorganised ; or if supported in proper

position, anchylosis may ultimately ensue, should the patient sur-

vive. The anchylosis will be bony if the cartilages are entirely

destroyed and removed. These cases may prove fatal from pyaemia,

septicaemia, tetanus, or exhaustion from hectic and prolonged sup-

puration. They may be regarded as some of the most grave accidents

of surgery.

Treatment of "wounds into joints.—In extensive injuries

with comminution of the bone ends, or when compound fractui'es

extend into large joints, as when a bullet strikes the femur in its

lower third and fissures extend into the knee, amputation is often re-

quisite. In some cases, and especially in the hip and joints of the upper

extremity, primary re-section may be advisable. The value of con-

tinuous irrigation in these cases is very great. In punctured wounds
the parts should be carefully cleansed, and the wound well washed

out with hot (1 in 2,000) perchloride of mercury solution. To cleanse

the skin, carbolic soap and hot water may first be employed, and this

should be followed by ether, and subsequently by a lotion (1 in 1,000)

of corrosive sublimate, with rectified spirit and hot water. The wound,

if clean cut, may be accurately united at once. Should the edges of

the wound be ragged and bruised, immediate union had better not be
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attempted. In cases where the surgeon has reason to suspect that

some septic material has gained entrance, the strictest watch should

be kept upon the temperature and local symptoms, and any accumu-
lation of serum or pus in the track of the wound should be afforded

speedy exit. In more extensive injuries, when it is determined to

save the joint, every recess of the cavity should be flushed clear of

blood and dirt by hot perchloride lotion (1 in 4,000), and large drain-

age-tubes should be inserted in convenient dependent situations.

After healing of a punctured wound, should swelling and fever

supervene, with the signs of acute suppuration, the joint should be
aspirated, and if sero-pus is found in it, the articulation must be

opened and freely drained, and especially irrigated. This is too

often insufficiently done. In the knee, where there are several

complex pouches, a tube may reach into one, and not the others. In
this articulation abscess may readily burrow up the front of the

femur beneath the quadriceps muscle, and even point near Scarpa's

triangle. The deep bursa beneath the quadriceps is also very apt to

become filled with pus. A knowledge of this will point to the

importance of inserting large tubes in more than one situation.

Secondary amputation for suppuration following wound of a

joint is seldom, if ever, needful in the upper extremity, and in

the case of the knee or ankle, such an operation should never be

performed during high fever, when the limb is swollen and infil-

trated with products of inflammation. When abscesses are opened,

and the temperature has become hectic in type, the chances of

recovery after amputation are far greater. In a child a movable
articulation may be obtained, even after suppuration, if the joint be

promptly drained. In adults, firm fibrous anchylosis usually—but

not universally—follows. Bony anchylosis will only occur if the

whole of the cartilage be destroyed, and the bone ends kept in accurate

apposition. It is most important to maintain the limb in such a

position that its future usefulness may be ensured, even if stiff.

Anaesthetics—especially chloroform—which I believe to be the best

agent to administer to patients who are ill and in great suffering, are

here very useful, to enable the surgeon to straighten a flexed and
painful joint.

Dislocations of joints. Nomenclature and compara-
tive frequency.—Dislocations are well divided, for purposes of

description, into the traumatic, spontaneous or pathological, and the

congenital. Besides these, dislocations are spoken of as complete or

incomplete, and partial, simple or compound, and complicated, when
associated with fracture.

An idea of the frequency of different dislocations may be obtained

•from the records of the Middlesex Hospital for ten years, quoted

by H. Morris in Holmes' " System of Surgery." Out of 283 cases

of dislocations of all sorts, there were : Of the shoulder, 133 ; hip, 8
;

clavicle, 8; patella, 10; jaw, 12; knee (partial), 1; knee (semi-

lunar cartilages), 5 ; foot (including ankle, astragalus, and sub-

astragaloid displacements) 9 ; radius and ulna at elbow 20 ; upper
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end of ulna, 9 ; upper end of radius, 6 ; wrist, 6 ; thumb, 39

;

fingers, 17.

The frequency of shoulder dislocations is -accounted for by the

joint being mainly dependent for its security upon muscles, and
also for other reasons, which will be hereafter stated. The power of

leverage of a long bone in producing dislocation is well shown in

the hip. It is difficult to understand how displacement of this

articulation could occur, were it not for the effects of indirect violence

acting at great mechanical advantage.

Predisposing' causes.—Accidents which generally need con-

siderable violence to produce them are, of necessity, more common in

the male sex, in active adult life, than in females or young children.

Occupations, as mining, machinery-work, and the like, predispose to

these injuries. Congenital laxity of the ligaments is an important

cause; and some professed acrobats, as the celebrated Warren, have

the power of spontaneously dislocating certain joints. Many
individuals are able partially to displace the thumb at the meta-

carpophalangeal joint, owing to laxity of the capsule and lateral

ligaments.

The weakness and laxity of ligaments following injuries of joints

with effusion, as a bad sprain, is an undoubted predisposing cause of

dislocation; and exposed joints, as the shoulder, are more liable to

suffer than others. Once a joint has been dislocated, it may readily

be again put out. Previous disease, with excessive synovial dis-

tension, may predispose to dislocation. Knock-knee is said to render

the patella prone to become displaced. Paralysis of muscles round a

joint also renders the articulation insecure.

Exciting' causes.—In some cases this is violence applied directly

to the displaced bone, as when a heavy blow on the thumb in fighting

dislocates the first phalanx. Far more commonly the force is

indirect, as when the head of the femur is dislocated from a heavy

fall on the foot of an abducted limb. Some "ball and socket" joints,

as the shoulder, have been dislocated by muscular action alone, as in

the spasms of epilepsy, the act of swimming, or striking out at and
missing an adversary. The lower jaw and patella are known to be
displaced by muscular action alone. When once a bone is dislocated,

the action of the muscles in drawing it into secondary positions

is very important and marked. Sometimes muscular action per-

sistently reproduces a dislocation (recurrent dislocation). Then
there is undue laxity of the ligaments, or want of union in them
after the primary injury, or concomitant fracture of an articulating

surface at one part.

General pathology of recent traumatic dislocations.
—The severity of the local injuries found in recent dislocations will

vary greatly with the distance the bone is thrown from its proper

connections and the nature of the violence which produced it, the

wrenching or twisting movements inflicted on a limb entangled in

powerful machinery being peculiarly disastrous. The capsule and
ligaments are always more or less lacerated, some of the short muscles
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torn or stretched ; the neighbouring vessels and nerves may be pressed
upon, contused or actually torn. Gangrene or diffuse aneurysm may
even supervene. Much blood is extravasated about the articulation
and in the substance of the contused and torn muscles. Fractures
may co-exist, and when the ligaments are veiy strong—as the liga-

mentum teres—a portion of bone is often torn away rather than that
the ligaments themselves should yield. Grave cerebral, thoracic or
abdominal injuries are sometimes found associated with dislocations.

An evident displacement of the hip, for instance, may readily draw
away the surgeon's attention from graver or more fatal co-existent
lesions in other parts.

Fig. 372.—Old Dislocation of the Elbow backwards. The head 'of tlie radius has worked for
itself a new socket, and the ulna is welded to the humerus by firm fibrous adhesions.
(St. George's Hospital Museum.)

General pathology of unreduced traumatic disloca-
tions.—When a dislocation remains unreduced, the inflammation

of the muscles and peri-articular structures speedily terminates in

exudation and organisation, so that the muscles become structurally

shortened, and incapable of relaxation after anaesthesia. The new
adhesions fix the bone to its fresh surroundings, enclosing it in a kind

of spurious capsule, and the old articular cavity becomes filled with

fibrous deposit, and subsequently is rendered shallow and well-nigh

obliterated. The displaced head of the bone, by pressure absorption,

soon works for itself a cavity in the bone upon which it rests and
moves, and becomes itself altered in shape, and smooth and por-

cellanous on the surface (Fig. 372). The main vessels and nerves

may be glued to the displaced bone or fragments of capsule by firm

fibrous adhesions. This is a matter of vital importance in the

instance of old dislocations of the shoulder.
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The time taken for these changes to occur can hardly be approxi-

mately stated. Dislocations have been reduced after almost incredible

periods. Whether it is best to attempt this treatment is another

matter. As a general rule, if a dislocation of a large joint has
remained unreduced as long as it would take a fracture of the

corresponding long bone firmly to unite, great, and often insuperable,

difficulties will be found in reduction. I believe this statement will

be found reliable in practice.

General pathology of congenital dislocation.—The
various pathological factors which, separately or combined, are found
in congenital dislocations are well summed up by Hamilton as

follows :

—

(1) Physiological causes, arrest of development, or an original

defect in the germ.

(2) Pathological causes—as nerve lesions, contraction and paralysis

of muscles, laxity of ligaments, hydrarthrosis, or other articular disease.

(3) Mechanical causes—as intra-uterine violence applied to the

foetus or by injuries during delivery.

Considering the latter cases, it may be remarked that some of

them are really true traumatic displacements that may be rectified.

Others are separations of the epiphyses, followed by arrest of growth.

Some of the more pronounced forms of congenital dislocations

are common in idiots ; and such congenital deformities as hare-lip,

webbed digits, or extroversion of the viscera may also co-exist. The
bone ends are usually ill-shaped or stunted, and the normal articular

surfaces altered in shape, shallow, or actually absent.

General pathology of spontaneous or pathological
displacements.—It has been already pointed out, that in cases

where ligaments have been severely stretched or ruptured by sprains

or previous dislocation, displacements may take place from the slightest

muscular exertion, and that some contortionists can produce certain

dislocations apparently at will. Verneuil well sums up the causes of

pathological displacements under the terms, dislocation by distension,

by destruction, or by deformation. The majority of spontaneous dis-

placements met with in practice are really examples of destruction

from disease of joints, with implication of the bone ends and liga-

mentous attachments. Good clinical examples of dislocation from
destruction are seen in tuberculous affections, when, the ligaments

being gradually disintegrated, the bone surfaces become displaced.

This is occasionally experienced in the knee. In certain cases of

pyaemia, and especially as a sequel to bad cases of the specific fevers

—typhoid, scarlet fever, and the so-called "puerperal state"

—

distension of the joint may occur, the ligaments are softened, and
dislocations take place most unexpectedly, and often without obvious

suppuration. In actual practice, dislocation from distension is

generally seen in the hip, and in the joint affections associated with

the acute fevers (such as typhoid). The head of the femur is generally

displaced backwards.

In these cases the patient is usually too ill to allow of rigid



GENERAL SYMPTOMS. 955

replacement of the bone, and the efforts of the surgeon must be
directed towards maintaining the limbs in a good position for

subsequent firm anchylosis. Should the patient recover, excision

or osteotomy may be afterwards performed with good result.

Dislocation from deformation is more usually partial than com-
plete. The distortions of the joints of the fingers, in chronic

rheumatoid arthritis, are familiar examples.

Deformation displacements are principally of interest, from
the possibility of confounding them with traumatic dislocations,

when the sufferers from these conditions of the joints are exposed

to falls or other violence.

Partial or incomplete dislocations.—"When large flat

surfaces of bone articulate, as in the knee or astragalo-calcanean

joint, partial displacements are the rule rather than the exception.

In the " ball-and-socket " joints, as the hip and shoulder, much dis-

cussion has arisen as to their possibility. Many of the related cases

have doubtless been mistaken for disease, as for rheumatoid arthritis
;

others may be attributed to speculative diagnosis in injuries associated

with much swelling. When fracture co-exists, a portion of the capsule

and articulating surface may be carried away with the head of the

bone. This can hardly be looked upon as true partial dislocation. In
" partial dislocations " of the shoulder the capsule is said not always

to be ruptured ; and although it is possible for a dislocation of the

head of the humerus to occur without rupture of the capsule, probably

this is complete

—

i.e. the articular surfaces are quite separated.

Many cases diagnosed as partial dislocations of the shoulder, are

really displacements of the long biceps tendon.

The cases of South and Le Gros Clark point strongly to the

conclusion that partial dislocation of the shoulder is possible, but

not probable. This subject will be again alluded to from time to

time in speaking of the symptoms of dislocation of the larger joints.

General symptoms of dislocation.—These may thus be

summarised : a person is subjected to some force acting upon a

previously healthy and well-acting articulation. He may be con-

scious of a " snap " or sensation of tearing violence, and forthwith

the movements of the joint are more or less lost, and passive motion

becomes difficult, impeded, and painful. Severe " numb " pain is

experienced in the course of the main nerves implicated. The appear-

ance of the part to the eye is by far the most important sign of

dislocation. The sound joint should always be compared with the

injured, when alterations in contour, and of the distances and rela-

tions of salient bony points to each other, will be apparent to sight,

measurement, and palpation.

No crepitus is elicited if the parts are examined directly after the

injury. Very shortly the sheaths of the tendons and joint surfaces

become roughened by exudation, whereupon a crepitus, hard to dis-

tinguish from that of fracture, may be appreciated in a joint merely

dislocated.

On reduction, the partu are restored to their normal shape,
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with a sudden snap, audible frequently to the surgeon. The bones

usually remain permanently in apposition, the deformity not return-

ing. Finally, the head of a long bone may be felt moving out of its

socket on rotating its shaft, and the axis of the limb will be altered

in a corresponding manner to the position of the displaced head. The
detection of the head of the bone in an abnonnal position is, of course,

a quite indubitable sign of dislocation. Anaesthetics are frequently

indispensable in making a diagnosis, and examination should always

be carried out before swelling has occurred. If the case is not seen

for some days, great swelling and extravasation of blood, especially

in patients with large muscles or much subcutaneous fat, may render

the diagnosis impossible, even by the most experienced surgeons. In

these perplexing cases no definite opinion should be given, unless the

surgeon be absolutely certain of his grounds.

It is of the utmost importance in all dubious cases, that both

limbs be examined and compared in various postures of the trunk.

For instance, in suspected dislocation of the hip the patient should

be examined standing up, as well as lying down. In examining for

dislocation of the shoulder, the patient should stand up, sit down,

and be inspected from both before and behind.

General treatment Of dislocations.—If a patient be seen im-

mediately on the occurrence of a dislocation, while still faint and col-

lapsed, the surgeon is frequently able to restore the bone to its place

with ease. When some hours or days have elapsed in the case of a

muscular adult, full anaesthesia is always advisable. I believe ether

to be the best and safest anaesthetic for the complete muscular
relaxation requisite. Care should be taken to study each case

;

and the principles of manipulation have for their foundation, relaxa-

tion of muscles and ligaments by flexion or rotation, and the

making the head of the bone retrace its steps through the torn

tissues. In no case is extension with great force to be employed,

unless with attention to this principle. For instance : it would
be wrong to pull strongly upon a dislocated hip in extension,

but considerable force may be exercised upon the femur when the

thigh is flexed upon the belly. In old dislocations it must be remem-
bered that considerable risks attend violent efforts at reduction,

whereas these cases, even if left alone, recover with useful limbs in

time.

The open method, that of cutting down upon old dislocations,

dividing opposing structures, and returning the head of the bone to

its place, or excising the head of the bone altogether, has been very

successful ; and if carefully performed, is devoid of the risks attend-

ing upon violent efforts at reduction, which are associated with

further laceration, perhaps of important structures. These vexed

questions of treatment have especially to be considered with reference

to the hip and shoulder, in which connection they will again be dealt

with.

Importance of considering: constitutional peculiari-
ties in joint injuries.—It is a practical rule of utility to study
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and consider constitutional diatheses in the prognosis and treatment
of joint injuries. This is perhaps more important in the slighter

cases. A delicate young person, the offspring of tuberculous parents,

will readily suffer from tuberculous disease of an articulation after a
slight blow or sprain implicating the hip, spine, or ankle. So in

the rheumatic or gouty, a slight joint injury may be associated with
such severe pain and intense local reaction as to lead a superficial

observer to imagine that serious mischief was taking place. In such
instances appropriate remedies, especially the salicylates, will speedily

remove the symptoms. In the syphilitic, periostitis is readily in-

duced by a slight blow, and is very obstinate unless the iodides be
administered. The most inveterate chronic joint affections, asso-

ciated with a tendency to fibrosis and calcification, are found after

injury in those who suffer from chronic gout or rheumatism ; and
prognosis in such should always be guarded.

The treatment of compound dislocation of the larger
joints.—Injuries of the joints of the upper extremity are less

serious than like injuries to joints of the lower extremity. The age
of the patient and his condition of general health are powerful con-

siderations in determining the question of amputation. A healthy

country boy, or young adult, will recover from conditions which would
be hopeless in the aged or intemperate, or the subjects of visceral

disease. Primary amputation for compound injuries at the hip,

should always be avoided, if possible. Lesions which make the

surgeon's mind lean towards amputation are extensive splintering

of the bones, ruptures of the main vessels and nerves, extensive

lacerations of the soft parts, or these conditions more or less combined.

Simple reduction of a compound dislocation should never be attempted
unless the wound in the skin is clean-cut, and there is no extensive

laceration.

Compound dislocations of the elbow generally do well, but the

joint frequently anchyloses. If primary resection is had recourse

to, plenty of bone should be removed in joints like the elbow,

where subsequent movement is required. In resections the parts

should be very freely exposed, and no separated fragments of bone
should be left to necrose and keep up irritation. This is espe-

cially important in compound dislocations of the astragalus. Very
free drainage should be carried out by larger tubes than those usually

employed, and the parts should be repeatedly flushed with hot anti-

septic lotions, and frequently dressed afterwards so long as serous

oozing persists. The continuous irrigation treatment is here very

applicable. No fixed rule can be laid down for the treatment of

these injuries. The local conditions and the constitutional peculiari-

ties, the surroundings and occupation of the patient, will all be

carefully weighed by a judicious surgeon.

SPECIAL DISLOCATIONS.

Dislocation Of the lower jaw. Causation.—When the

mouth is widely open the condyle of the jaw and the inter-articular
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cartilage advance as far as the summit of the eminentia articularis.

The posterior fibres of the lateral and capsular ligaments check

further progress. Sudden muscular action, especially of the external

pteiygoid, may now dislocate the jaw ; and this accident occurs in

the acts of yawning, vomiting, or bawling with the mouth widely

open. It is also occasioned by violence, as a blow from a fist on the

chin when the mouth is open, the action of a gag in mouth opera-

tions, and the like.

Morbid anatomy.—As a rule, there is no great laceration of

ligaments. The displaced condyle and cartilage are drawn upwards
by the masseter and

pterygoid muscles, and
lodged under the zygoma
in front of the eminentia

(Fig. 373). It has been

stated that the coronoid

process becomes hitched

against the back of the

malar bone ; but it is

questionable if the pro-

cess is sufficiently long

to become thus fixed,

unless the muscles should

be much lacerated. The
inter-articular cartilage

is not invariably dis-

placed with the bone.

This accident is most
common in women about

the middle period of life,

and is nearly always

bilateral. The displace-

ment forwards is the

only known dislocation
;

but if fracture occur,

displacements outwards and also backwards have been related, and
the head of the bone has even been driven into the auditory canal.

Symptoms.—In the forward dislocation the mouth is widely

opened, the chin and lower incisor teeth are advanced, the sides of

the face are elongated, and there is a marked hollow in the natural

position of the condyle, which can be felt anterior to it. The
displaced coronoid may be felt by examining through the mouth.

The chin is fixed, and cannot be elevated. The masseters and
temporals are spasmodically contracted, and their contour is evident.

There is much pain from pressure on the auriculo-temporal nerve,

articulation and deglutition are well nigh impossible, and the saliva

drips copiously from the open mouth (Fig. 374).

In unilateral dislocation the symptoms are less marked, and the

accident may be overlooked. The mouth is partially opened and less

Fig. 373.—Position of Bones in Dislocation of Lower Jaw.
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Fig. 874.—Appearance of a Patient with Disloca
tion of the Jaw. (After Anger.)

with well-guarded thumbs
upon the lower molar teeth

downwards and backwards,
. thus disengaging the coronoid

process and condyle from be-

neath the zygoma ; at the

same time, with his fingers

and palms he lifts the chin

upwards (Fig. 375). The
elevator muscles, should re-

duction be effected, will close

the teeth with a violent snap.

Should the case still prove

obstinate, large
wedges of cork should

be introduced be-

tween the molar teeth

as far back as pos-

sible, and the chin

lifted up with the

hands, or by means
of the strap of a tour-

niquet passed round
the head, or a band-

fixed. The two guiding symp-
toms are the hollow over the

position of the condyle on the
injured side, and the promi-
nence of the chin towards the

opposite side to the disloca-

tion.

If these dislocations re-

main itnreduced, the parts

soon get welded by tough -and
abundant fibrous tissue, and
interstitial shortening of the

lacerated muscles affords a
powerful obstacle to reduc-

tion. Movement is gradually

and partially restored, so that

a patient can swallow and
articulate, but only imper-

fectly.

Treatment.—In recent

cases reduction is simple. The
patient being seated in a

chair, the surgeon presses

375.—Reduction of Dislocation of lower Jaw by depressing

the Ravms and lifting the Chin.
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age. These are powerful methods. Long wooden levers have been
used, and also screw-gags, but it is the depression of the jaw
which is the first and most important movement ; and unless this

can be carried out, elevation is of little use. In ancient cases, re-

duction may be tried up to twelve months, for if efforts to reduce

fail, the breaking of adhesions will improve mobility, and one side

may be tried at a time. In old unreduced dislocations, should great

distress be experienced, free excision of the condyle should be prac-

tised, or division of the ramus of the jaw below the fixed parts.

After reduction of a dislocation of the jaw, the ordinary bandage
should be carefully applied, and used for at least a month ; and
after this the patient should be cautioned against any incautious

movement of the jaw, as yawning, which may reproduce displace-

ment, unless the chin be well supported. Feeding is carried out by a

tube introduced behind the last molar tooth.

This dislocation is apt to be obstinately recurrent, and great care

must be exercised in opening the mouth widely for some months.

Sub-luxation of the lower jaw.— This is a peculiar con-

dition of the temporo-maxillary joint, observed in young people with

lax ligaments. On movements, such as opening the mouth, there is

a sensation of displacement, with a slight " click," and one side of the

face becomes fixed and painful. The parts usually restore them-

selves on raising the chin, but the condition may so often recur as to

be very troublesome. The pathology of this displacement is not

founded on dissection, but it has been affirmed that the condyle

slips in front of the inter-articular cartilage, or that the extreme

laxity of the ligaments allows of an actual dislocation to take place.

Avoidance of exciting causes, improvement of the general health

by tonics, with blisters over the articulation, have been generally

practised. Time is the great remedy for this affection ; and as a

patient grows older the tendency to it spontaneously ceases.

Dislocations of the clavicle.

1. Dislocations of the sternal end of the clavicle.
Causation and classification.—These accidents are usually caused by
violence applied to the acromial end of the bone. Thus, a severe blow
or heavy fall on the front of the shoulder, by forcing the acromial

end of the clavicle backwards, will displace the sternal end forwards.

Conversely, if a patient be caught between the buffers of railway

carriages, and the shoulder be violently forced inwards and forwards,

the head of the clavicle may be driven backwards. Direct violence,

as the passage of a wheel over the parts, may also drive the sternal

end of the clavicle backwards. The rare dislocation upwards can

only be produced by violence acting on the outer end of the clavicle

from above, and forcing the shoulder downwards and inwards. I

have seen spontaneous displacement of the sternal end of the clavicle

forwards, from muscular exertion in a weakly lad with lax ligaments.

Congenital displacements are also on record. Pathological dislocations

forward, from pysemic abscess or quiet tuberculous processes are

comparatively common. Sir A. Cooper notices displacement of the
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head of the clavicle backwards associated with extreme curvature of

the spine, and relates a case where dysphagia and emaciation were
thus produced, the head of the bone being ultimately removed with
the saw.

Dislocations of the sternal end of the clavicle in their order of

frequency occur (a) forwards, (b) backwards, and (c) upioards.

The rhomboid is the strongest ligament of the sterno-clavicular

articulation, and its

fibres pass upwards,
backwards, and out-

wards. The attachments

of this structure permit

displacement forwards.

The anterior sterno -

clavicular ligament is

comparatively weak. In
abscess of the joint, for

instance, displacement

forwards readily occurs.

The weakness of the

anterior ligament ex-

plains the frequency of

traumatic displacement

forwards. The posterior

ligament is stronger ;

hence, displacement pos-

teriorly is more infre-

quent. The head of the

clavicle cannot pass far

backwards without rup-

turing the rhomboid
ligament, which needs

great violence. In the

dislocation upwards the

rhomboidligament must,

of course, be torn; hence,

this displacement is very

exceptional. Some anatomists believe that the inter-articular

cartilage forms the strongest bond of union between the clavicle, the

cartilage of the rib and the sternum ; but a careful examination will

lead one to the conclusion that the rhomboid ligament is the more

important structure in this connection.

(a) The dislocation forwards. Morbid anatomy.—-This

displacement may be incomplete, the capsule being ruptured an-

teriorly, and the front of the head of the bone making an undue

prominence. When complete, the head of the clavicle is thrown on

the anterior surface of the sternum. The ligaments, especially the

anterior, must be more or less torn, according to the completeness of

the displacement. The inter-articular cartilage is either torn away

r F

Fig. 376. -Dislocation of the Sternal End of the Clavicle

forwards.
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from the clavicle or the sternum. Unless great violence and marked
displacement occur, the rhomboid ligament does not materially

suffer.

Symptoms.—The marked projection anteriorly, having the contour
by feeling and sight of the articular end of the clavicle, is characteristic

of this injury, the diagnosis of which is only difficult in the very obese.

On placing a pad in the axilla, and throwing the shoulder outwards,

the prominence tends to disappear. On raising the elbow, it is de-

pressed ; on depressing the shoulder from above, it ascends. It is

devoid of the sharp irregular outline of a fracture close to the sternal

end of the bone, which it much resembles. There is considerable pain.

The patient's head is inclined towards the affected side, and the

distance between the root of the neck and the point of the shoulder

is diminished. The clavicular tendon of the sterno-mastoid is

prominent (Fig. 376).

Treatment.—Dislocation of the sternal end of the clavicle forwards

is reduced by drawing the shoulders backwards, to disengage the

bone from the front of the sternum, and especially by throwing the

shoulder on the affected side outwards by means of a large axillary

pad. To keep the head of the bone in position for a month or five

weeks, until the lacerated ligaments heal, is a matter of no small

difficulty. If the patient will rest, reclining against a soft cushion

with the arm in a sling, and direct pressure be made on the part

by a pad—and nothing is better for this purpose than a soft

Turkey sponge—the displacement will be to a great extent re-

duced. Reduction should always be aimed at, in order to give

the ligaments a chance of re-uniting. A complete displacement

occurring in a muscular and restless individual will probably not

remain completely reduced, even with the aid of the most skilled

mechanicians. The best plan in such a case is to draw out the

shoulder with a large axillary pad, and bandage the arm to the

side, advancing the elbow towards the middle line. Direct pressure

may be made upon the displaced head by a sponge pad. ISTelaton's

method of making pressure on the dislocated joint with a spring truss

is very difficult to apply in practice. The surgeon should warn the

patient of the probability of persistence of more or less displacement

;

he may also encourage him by the prospect that the limb will be

useful. Indeed, little harm accrues if the joint be left permanently

displaced

.

(b) Tlae dislocation backwards. Anatomy.—Here the

head of the bone is situated behind its normal level, either above the

sternum or behind it, the head of the bone then lying posterior to the

origins of the sterno-hyoid and sterno-thyroid muscles. The trachea

or oesophagus may be pressed upon or displaced, and so may the inno-

minate vein or great arteries. The rhomboid ligament and the

posterior ligament are more or less torn.

Symptoms.—There is a marked depression at the root of the

neck, and the head of the displaced bone may be detected above the

sternum by tracing the shaft inwards. There may be great dysphagia



DISLOCATIONS OF THE CLAVICLE. 963

or dyspnoea, arrest of the pulse at the wrist, and congestion, from
venous obstruction of the side of the head and neck. The distance

of the shoulder from the root of the neck is diminished.

Treatment:—This dislocation is reduced by placing a large cushion

between the shoulders, and bandaging them backwards over it by
a broad figure-of-8 bandage. Reclining against a large soft cushion

during the process of repair is very useful. Complete reduction and
restoration are seldom to be hoped for. In extreme cases resection

of the head of the bone may be called for, or the shaft of the bone
may be cautiously divided near its sternal end with a fine saw
(Edmund Andrews).

As good a plan as any of treating this dislocation is by ban-

daging the shoulders to a broad padded splint applied across the

back, or to a cushion fixed between the shoulders posteriorly.

(c) TBie dislocation! upwards.—In this exceptional displace-

ment the head of the bone rests

upon the top of the sternum, and
passes inwards beyond the median
line, in front of the trachea and
sterno-hyoid muscles (Fig. 377). The
rhomboid ligament, with the anterior

and posterior ligaments, must be ex-

tensively torn. The sternal portion

of the sterno-mastoid will be tense

and prominent, the clavicular por-

tion relaxed. The distance of the

shoulder from the root of the neck
is shortened, and the head of the

clavicle can be felt in its new position, following the movements
of the shaft, on pushing the shoulder forwards or backwards.

Treatment.—By drawing the shoulder outwards with the aid of

the axillary pad, and making pressui*e upon the shaft of the clavicle

from above, reduction may be effected. The usual difficulty is

experienced in keeping the bone in position. To depress the shaft

of the clavicle, a padded belt may pass across the bone, and be
secured in front and behind to a waist-band. A band passes from
the clavicular part of the belt round the root of the neck, to prevent

it from slipping outwards. The elbow and shoulder should be at the

same time well raised, to heave up the acromial end of the clavicle,

and depress the sternal end.

General remarks on the treatment of dislocations of the sternal

end of the clavicle.—The drawing of the shoulder outwards by means
of a large axillary pad, together with the supine position, have given,

inmy experience, better results than any more complicated treatment.

The pressure of apparatus on the displaced head is not long tolerated,

and the skin soon becomes torn and inflamed. A soft Turkey sponge,

tixed in position by well-padded straps and buckles, has seemed a

decided aid. So good are the final results of these cases, if the disloca-

tion remains unreduced, that such operations as resection of the head

377. — Dislocation upwards of the
Sternal End of the Clavicle.
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of the bone, or restoration to its place, and fixing it there by a wire

suture, can scarcely ever be justifiable.

I have obtained favourable results also by moulding a large piece

of guttapercha round the elbow, shoulder, and root of the neck, over

a soft flannel bandage and flat sponge pad on the displaced articu-

lation. When the guttapercha has become hard it is pierced by a

bradawl, to allow of transudation of perspiration, and is supported

externally by a sling and bandages.

2. I>lsIocatioBas of the acromial eEatl ©1 the clavicle
from the scapula.—It is right to state that many authors consider

this dislocation as a displacement of the scapula from the clavicle,

the former being the more movable bone.

Causation and classification.—Dislocations of the outer end of

the clavicle are stated to be more common than dislocations of the

inner end. The main obstacles to displacement are the strong conoid

and trapezoid ligaments. The shape of the articular surfaces would
lead one to expect that dislocation upwards Avould be the more
frequent; and this is the case. Dislocation downwards, the clavicle

being driven below the acromion, is also met with, though it is

exceedingly rare. The violence which produces this accident almost

always acts upon the scapula, and usually from behind. Thus, a

man may be pitched from a horse, and falling heavily on the back
of his shoulder pi'oduees this dislocation. Sub-acromial dislocations

can only be produced by very heavy blows on the shaft of the

clavicle, driving the acromial end of the bone downwards. I have
never seen an instance of this dislocation.

Morbid anatomy.—The capsular ligament is ruptured, and the

clavicle is displaced on the acromion for about half an inch. The
trapezius is very tense, and tends to reproduce the displacement by
its constant traction. The conoid and trapezoid ligaments remain

intact in the incomplete displacements ; but when the clavicle is

thrown for an inch or more on the acromion, the trapezoid ligament,

at all events, must be torn. In the displacement downwards the

conoid and trapezoid ligaments have been found torn, and the coraco-

acromial ligament also (Hamilton). The head of the clavicle lies on
the capsule of the shoulder. It has been stated that the acromial end

of the clavicle may even be thrown under the coracoid process ; but

the reputed cases of this strange accident are not universally accepted

as genuine by authors.

Symptoms of dislocation of the acromial end of the clavicle up-

wards.—The arm appears lengthened and hangs by the side, while

the shoulder is depressed and nearer the median line than on the

opposite side. The prominence formed by the displaced outer end of

the acromial end of the clavicle is apparent, and the clavicular

portion of the trapezius is exceedingly prominent. The patient is

unable to raise his arm over his head.

Treatment of dislocation of the acromial end of the clavicle tip-

wards.—This dislocation is readily reduced by drawing the shoulder

outwards, and making digital pressure upon the displaced bone. It
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is next to impossible to keep the clavicle in permanent position.

The extreme upward movements of the arm -will be subsequently
impeded ; otherwise, a very useful joint will result, should the dis-

location remain unreduced. The main indications are to keep the
scapula raised and the clavicle depressed. Several kinds of

apparatus have been advised (Fig. 378). I have seen good results

in this dislocation by setting the shoulder in a firm plaster-of-

Paris spica, a sponge-pad being fixed over the outer third of the
clavicle. Should great inconvenience arise from an unreduced dis-

location of this nature, there could be no serious objection to refresh-

ing the joint surfaces and wiring them together. Division of the
trapezius, which pulls the bone upwards, is a severe measure ; and
bandaging the head towards the affected side to relax this muscle
cannot lono- be tolerated.

Fig. 37S.—Tracy's Apparatus for displaced Acromial End of Clavicle.

Dislocation of t/ie acromial end of the clavicle downwards.—
The acromion process projects markedly, and on tracing the clavicle

outwards, a marked hollow will be detected where its acromial end
normally lies. The patient cannot raise the arm, but the surgeon

can move it backwards and forwards. The displacement is reduced
by drawing the shoulders backwards, and then bandaging the arm
and scapula to the side.

SimultameoMS dislocatioai of tlae clavicle at footm
ends.—This accident is one of the curiosities of this part of surgical

literature, and is generally produced by extreme violence. The
sternal end is thrown forwards, the acromial backwards. Hulke
treated a case of this nature by drawing the shoulders well back-

wards, and moulding a guttapercha splint on the parts, to prevent

re-displacement.

Displacement Of the SCapula.—In weakly individuals the

lower angle and vertebral border of the scapula not infrequently

project unduly. At the same time, the movements of the arm are

well performed, and there is no sign of muscular paralysis. In the

special displacement we are considering, the lower angle of the

scapula projects in a very unsightly manner from the back of the
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thorax (scapula alata). This was formerly attributed to the bone
slipping from under the latissimus clorsi muscle, but is now known
to be generally due to paralysis of the serratus magnus or rhom-
boids, from " infantile paralysis " or nerve injuries. When the

serratus contracts it draws forwards the vertebral border of the

scapula ; and as the inferior digitations are far the stronger,

the lower angle of the scapula is especially rotated forwards, thus
raising the superior angle and aiding the functions of the levator

anguli scapulae and trapezius. The most important action of the

serratus is to bind the scapula firmly to the ribs, and thus to fix that

bone while the deltoid raises the arm. When the serratus is paralysed,

the arm cannot be elevated. Efforts on the part of the patient to do
so, only cause increased projection of the vertebral border and inferior

angle of the scapula, which assumes a very peculiar and characteristic

appearance.

Iso treatment beyond a padded belt, fitting over the scapula

round the thorax, and supported by shoulder-straps, is of any great

use. The nerve conditions should, of course, receive consideration

and treatment.

Dislocations of the shoulder. Causation.—The exposed
position of the shoulder-joint, the shallowness of its articular sur-

face, the laxity of the capsule, and the powerful leverage exerted

through the long humerus, cause displacements of this articulation

to be more common than those of any other joint in the body. The
majority of these dislocations are caused by indirect violence, as

falls on the elbow or hand, when the limb is abducted, and the

position of the long axis of the humerus at the moment of displace-

ment largely determines the course and position of the head of the

bone.

Direct violence, as heavy falls or blows on the shoulder, is

asserted to cause dislocation, though it is difficult to understand how
this can occur ; and muscular action, as striking out at and missing

an adversary, swimming, the convulsive efforts of epilepsy, or even

such slight efforts as the act of sneezing, have been known to produce

displacement. Exceptional causes of dislocation are dragging upon
the limb by the pulling of a runaway horse, or the twisting of

an entangled upper limb by revolving machinery. Congenital dis-

placements are sometimes met with, and pathological displacements

also, in chronic rheumatism or pysemic disease.

Classification.—Considerable difference of opinion exists as to

the comparative frequency of these displacements. The majority

of surgeons in England will endorse the following classification,

which is similar to that founded on an extensive inspection of

museum specimens by Holmes and Hulke :

—

(1) Dislocation forwards and a little downwards

—

subcoracoid.

(2) Dislocation downwards and a little forwards

—

subglenoid.

(3) Dislocation forwards and inwards

—

subclavicular.

(4) Backwards

—

subspinous.

(5) Upwai'ds and forwards

—

supracoracoid.
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As in the case of the hip, sub-varieties of these displacements
have been described by anatomists, which rather tend to confuse
the student than to serve any useful purpose. There is no doubt
that the causes which produce these injuries being diverse, and the
nature, extent, and application of the forces at work composite,
slight differences in position of the head of the bone will be found
in different cases. For the same reasons, the amount of laceration

of the soft parts in each displacement is not constant, and the
obstacles to reduction may slightly vary. It follows that differ-

ences may be appreciated in the symptoms of any one given

Fig. 379.—Dislocation of the Humerus beneath the Coracoid Process. (After Anger.)

dislocation of the humerus, and that methods of reduction applicable

to one case of a given dislocation, are not necessarily applicable to

another.

1. Suocoracoid dislocation of the humerus. Causation.

—Direct violence applied to the shoulder, as a heavy fall or blow

;

a fall upon the elbow or hand, when the limb is abducted from
the body ; muscular action.

Morbid anatomy.—The head of the humerus is thrown forwards

and very slightly downwards, resting upon the anterior surface of

the neck of the scapula, while the anatomical neck impinges upon
the anterior edge of the glenoid fossa (Fig. 379). So long as

the head of the humerus lies beneath the coracoid process in an^

part, the term subcoiacoid may be applied to the displacement. The
subscapularis muscle may be torn, or stretched across the joint or the

head of the humerus, which, however, is usually markedly above
it. The supraspinatus, infraspinatus, and teres minor muscles are
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stretched or ruptured, or torn away from the bone; the great
tuberosity may be detached from the shaft. The pressure of the
head of the bone renders tight the biceps and coraco-brachialis, and
presses upon, or even ruptures, the circumflex nerve, the cords of the
brachial plexus, or in very severe cases the main vessels. The
capsule is torn below, the rent running anteriorly, or the lower part

of the capsule may be torn away from its glenoid attachment. The
long tendon of the biceps usually escapes rupture.

Symptoms.—It will be convenient here to detail the symptoms
which are common to all dislocations of the shoulder. They are :

(1) A depression immediately beneath the acromion, with an undue

Fig. 3S0.—Subspinous and Subcoracoid Displacements. The dotted line shows the altered

outlines of the limb.

prominence of that process
; (2) pain about the part, and more or less

immobility, though this latter symptom is varied and inconstant in

practice
; (3) alteration in the axis of the limb, and the detection of

the head of the bone rolling in an abnormal position
; (4) the sign of

Dugas. If the fingers of the injured limb be placed and maintained

upon the sound shoulder, the elbow, in dislocations, cannot be brought
against the side. The sign of Dugas depends upon the principle that

a straight line cannot touch a circle at more than one point at a time.

When the humerus is dislocated it is laid along the barrel-shaped

thorax, and must obey the rule of the straight line and circle. In
practice, this sign is extremely fallacious, for the patient usually drops

his body towards the painful and affected side. It is most important

in this, as in all diagnostic matters connected with the shoulder, that

the patient should sit upright against a hard-backed chair, and be

well stripped. Obesity, a prominent abdomen, or great mammary
development, makes the test of Dugas dubious and difficult ; and as

it is in such cases that its additional testimony is needed, it is difficult
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conscientiously to assign it a high practical value. (5) An increase in
the circumferential measurement of the shoulder taken vertically

;

(6) if a rule be placed along the outer side of the arm it will impino-e
against the point of the acromion. (See Fig. 380.)

The special symptoms of subcoracoid displacement, in addition
to the above, are as follows : The elbow is cairied backwards, and is
directed away from the side. The limb appears lengthened,' but on
measurement from the tip of the acromion to the external condyle,
this will be difficult to verify. On deep palpation in the axilla, the
upper part of the shaft will be felt, and on raising the elbow' the
head of the humerus will be detected anteriorly and internally ; while
at the same time the hollow under the acromion is more evident to
sight and feeling. There is a prominence beneath the coracoid, and
severe "numbing" pain down the
fore-arm and in the fingers is often

experienced in this dislocation.

2. Subglenoid dislocation
of the humerus. Causation.—
A fall on the abducted limb and
outstretched hand, or a heavy blow
upon the upper and outer end of the

humerus (Hamilton).

Morbid anatomy.—This disloca-

tion was long thought to be far

more common than is really the

case. It may be looked upon as a

variety of the former dislocation, in

which the head of the bone rends

the capsule inferiorly, but the

muscles fail to raise it beneath the

coracoid, on account of the capsule

not being torn anteriorly. The head of the bone lies beneath the

glenoid fossa on the triangular surface, and origin of the long head of

the triceps (Fig. 381). The tendon of the subscapularis is now above
the head of the bone, the triceps is behind it, and the teres major below.

The structures just named may be lacerated or stretched. The
short muscles attached to the tuberosity may be torn, or even that

process wrenched off. The vessels and nerves are invariably pressed

upon, and the circumflex nerve is very likely to be seriously damaged.

Special symptoms.—The arm is really lengthened, and the elbow
is markedly thrown away from the side, to which it cannot be approxi-

mated without much difficulty. The hollow beneath the acromion

is very marked, and the head of the bone is felt with ease in the

axilla. The fingers can be passed beneath the coracoid, above the

head of the bone. The anterior axillary fold is so markedly lowered

as to furnish the most characteristic inspection symptom.
Luxatio erecta,—This is a most rare variety of subglenoid

dislocation. The arm is abducted and raised, the axis of the

humerus being directed upwards and outwards. This accident seems
f f *

Fig. 3S1. -Subglenoid Dislocation of tlie

Humerus.
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Fig. 382.—Luxatio Brecta

to be produced by a

fall, the patient

clutching something
in his descent. In
one of Hulke's in-

teresting cases of this

dislocation, a baker
fell through a trap-

door, and seized a

ladder to save him-

self. He was con-

strained after the dis-

location to keep his

hand near the top of

his head (Fig. 382). Owing
to the interval which had
elapsed complete reduction

could not be effected, but the

arm was brought down to the

side.

3. Subclavicular dis-
location of the humerus.
Anatomy.— This dislocation

may be looked upon as pri-

marily subcoracoid, but the

muscles, and perhaps the di-

rection of the force, cause

the head of the bone to pass

under the clavicle to the inner

side of the coracoid process (Fig.

384). Here it lies on the upper ribs

beneath the pectoral muscle, forming

a manifest prominence. The capsule

is torn inferiorly and anteriorly ; and
the muscles attached to the great

tuberosity must be torn, or that process

separated from the shaft.

Special symptoms. — The arm is

shortened, and the elbow thrown back-

wards and (usually) markedly out-

wards. The head of the bone can be

felt and seen below the clavicle ; and
on deep axillary palpation the shaft of

the bone can be felt crossing the cavity

upwards and inwards to the displaced

head (Fig. 383).

4. Subspinous dislocation of
the hmui'iiis.—In this exceptional

dislocation the violence must be applied

Fig. 383.— Subclavicular Disloca-

tion. The dotted line shows the
altered outline of the limb.
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Fig. 384.—Subclavicular Dislocation. (After Anger.)

to the arm when thrown
forwards, and away from
the side ; or it may be pro-

duced by a violent blow
upon the front of the
shoulder. Sir A. Cooper
relates a case from the

muscular spasms of epi-

lepsy. The direction of the
force would seem more
potent in producing the
dislocation than muscular
contraction. The head of

the bone may rest any-

where between the pos-

terior edge of the glenoid

cavity and the infra-

spinous region (Fig. 385).

The capsule is torn below,

and the subscapularis is

usually completely ruptured.

Special symptoms.—The elbow is advanced, and the arm (usually)

rotated inwards ; the arm is close to the side also. There may be

slight lengthening. There is a marked hollow beneath the coracoid

process, and a prominence under the spine of the scapula, formed by
the large globular head of the humerus, which, being readily seen

and felt, affords a characteristic sign of the displacement (Fig. 386).

5. Sufuraicoracoid dislocation of the luimesTis.—This

very rare displacement may be shortly dismissed. It is caused by
violence in an upward direction applied to the shoulder or elbow.

The acromion or coracoid processes are usually fractured, or a

longitudinal fracture separating the great

tuberosity has also been disclosed on

dissection. " The possibility of this

form of dislocation without fracture is

now definitely established by dissection
"

(Hamilton).

Partial dislocations of humerus.
—The remarks on page 955 especially

apply here, and while the possibility

of this accident is not to be positively

denied, yet the majority of the recorded

cases are obviously severe sprains

associated with rupture or displace-

ment of the biceps tendon, or of one

or more of the short muscles, or of

paralysis of muscles from injury to

the circumflex nerve or central cord

lesions.
Fig. 385.—Subspinous Dislocation

of the Humerus.

F F
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Difficulties in the diagnosis of shoulder dislocations.—In
thin or muscular subjects, when seen immediately after the accident,

the diagnosis of dislocation can readily be made at a glance. In the
very fat, whose nrascles are large and flabby, a subcoracoid dislocation

is overlooked with ease, and professional reputations are wrecked
upon this shoal with unhappy frequency. I would make it a rule

to examine the shoulders of any aged and obese person who has had
a fall upon the hand or elbow, or point of the shoulder ; for such

individuals, especially when alco-

holic, are often quite unaware of

dislocation having occurred. When
these cases are treated as bruises or

sprains, the swelling subsides in

some weeks, the muscles atrophy,

.and the familiar outlines of an
unreduced dislocation are revealed

with painful dis-

tinctness. I would
draw forcible at-

tention to an ana-

tomical point of

extreme value, to

which my notice

was first directed

by Sir George
Humphry. The

great tuberosity of the humerus is

prominent beneath the acromion,

and projects somewhat externally

to it, and is there readily to be seen

and felt on raising the arm from the

side. If the great tuberosity be in

its proper position, and this pan be

detected even in fat shoulders, the

head of the humerus must be in the

must be made when the great

the dislocated head, and the con-

verse does not necessarily hold true that when the tuberosity has

sunk inwards dislocation must have taken place ; for in fracture

of the anatomical neck of the humerus, with displacement, this may
occur, the head still remaining in the glenoid fossa. The latter con-

dition is so rare, however, as hardly to need mention, and I do not

hesitate to look upon the position of the tuberosity of the humerus
with regard to the acromion, as the key to the question of disloca-

tion of the shoulder.

The conditions which most closely simulate dislocations are

as follows :—(1) Atrophy of the deltoid muscle from injuries to

the circumflex nerve, or too long fixation after accident, or in

disease of the articulation
; (2) separation of the upper epiphysis of

Pi 386.—Attitude of the Arm in Sub-
spinous Dislocation.

glenoid cavity. Exceptions

tuberosity is separated from
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the humerus
; (3) fracture of the surgical neck of the humerus

;

(4) fracture of the anatomical neck of the humerus; (5) fracture

of the neck of the scapula ; and. (6) fracture of the great tuberosity.

Confusion frequently arises regarding atrophy of the deltoid,

especially as this condition may follow a properly reduced dislocation.

The marked flattening of the shoulder closely simulates displacement,

but the great tuberosity of the humerus will readily be felt beneath
the acromion projecting in its normal position, and passive motion
may be free.

Separation of the epiphysis should be suspected if an apparent
dislocation of the shoulder be brought to the surgeon in a patient

under twenty years of age. The line of separation will be below
the great tuberosity, which is part of the upper epiphysis, and
maintains its normal position. There is an abrupt projection in

front, below the coracoid process, and on examination and reduction

under anaesthetics a sort of crepitus is experienced, and the dis-

placement is readily reproduced. Such an accident in a young person

may be followed by arrest of growth, so the diagnostic distinctions

between it and dislocation are of obvious import.

In fracture of the anatomical neck of the humerus there is

crepitus high up in the joint, and if impacted the head wil] move in

the glenoid cavity. In fracture of the neck of the scapula the coracoid

process will move with the fragment of scapula. All the symptoms
of dislocation will be exactly simulated ; but on reduction crepitus will

occur, and the coracoid will be observed to move as the scapular

fragment is rotated with the humerus. In separation of the greater

tuberosity there is an extraordinary appearance of widening ante-

riorly, which is very characteristic. A deep sulcus exists between
the fragments, and crepitus can always be elicited on rubbing the

fragments together. The depression below the acromion in fracture

of the surgical neck of the humerus at first sight simulates disloca-

tion, but crepitus is evident, and the depression is not immediately

beneath the acromion, but some inches lower. The tuberosity

occupies its proper position. Careful examination under ether is

absolutely essential in all dubious cases, and this should be done as

soon as possible after the accident. (See also page 814.)

Treatment of recent dislocation of the shoulder.—If a

patient be seen within an hour of the accident, while still, perhaps, pale

and collapsed from pain and shock, the surgeon may be able to replace

the bone by extension with the heel in the axilla, without anes-

thetics. In cases of longer standing and in muscular individuals,

deep ether anaesthesia had better be induced. The patient should

recline upon a couch with a raised back, or be well propped up with

pillows, or placed in an arm-chair. As the subjects of these dis-

locations are often muscular and alcoholic individuals, with their

stomachs full of food, great care should be exercised in the adminis-

tration of an anaesthetic in the sitting posture, and in my judgment
ether should always be selected. The stomach may, with advantage,

be previously cleared by an emetic. The muscles should be rendered



974 DISLOCATIONS.

completely flaccid. Care should be taken to ascertain that the dis-

placement is really a recent one. I have seen and read of un-

availing attempts at reduction being made upon the ancient dis-

location of a person rendered stupid from alcohol or head-injury.
Every practical surgeon knows that when the muscles are com-

pletely flaccid, a dislocation of the shoulder will frequently " slip in,"

Fig. 387.—Method of Koeher. Abduction and external rotation.

on such slight manipulations as flexing the fore-arm, and rotating

the arm outwards or inwards. This must be taken into account in

estimating the vaunted infallibility of any one method. The chief

modes of effecting reduction will now be described.

1. Method of Koeher.—This is of peculiar value, and is

commonly now adopted in the hospitals of England. It will be
observed that it combines external and internal rotation, which mani-

pulations are especially valuable in the reduction of dislocations. Jn
the first part of this manipulation the fore-arm is bent, and the surgeon,

grasping the wrist and elbow, abducts the limb and rotates it out-

wards until marked resistance is encountered and a distinct swellin?:
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appears beneath the deltoid. Secondly, the elbow is brought for-

wards, upwards, and inwards until it is opposite the median line, but
still maintaining external rotation and abduction of the wrist.

Thirdly, the arm is rotated inwards, the hand being carried towards
the opposite shoulder. These movements should be executed in a

Fig. 388.—Method of Kocher. Advancement of the elbow forwards, upwards, and inwards,-
still maintaining external rotation.

continuous sweep, and not with "jerky intervals" (Figs. 387, 388,

389).

Explanation of Kocher's method.—When the fore-arm and arm
are rotated outwards, the upper part of the capsule and the coraco-

humeral ligament are also twisted outwards, and the posterior and
untorn part of the capsule is removed from the glenoid fossa, while

the gap inferiorly gapes wider and wider as the external rotation is

proceeded with. "When the arm is raised and carried towards the
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median line, the head of the bone passes from the edge of the glenoid
fossa through the gap. For this latter manipulation relaxes the upper
part of the capsule, but renders tense the untorn fibres of the lower
part, so that the head of the bone cannot move forwards. Rotation
inwards completes the position of the head of the bone.

Fig. 389. -Method of Kocher. Eotation inwards, the hand being carried towards the opposite
shoulder.

2. Traction with the knee in the axilla,—This is a power-

ful and efficacious method. The patient being secured by broad ban-

dages in the sitting or reclining position, the surgeon brings his

knee well into the axilla against the head of the bone. Assistants

now make extension outwards from the fore-arm or arm with or

without the aid of a strong towel. At a signal from the surgeon

the direction of the force is lowered, he, at the same time, bending
down the humerus over his knee (Fig. 390).
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3. Extension with the heel in the axilla.—This simple
and valuable method is often bungled in practice ; but if properly
carried out, I would venture to look upon it as the simplest and
most reliable method of reducing dislocations of the humerus. The
anaesthetised patient must lie perfectly flat on a mattress, on the floor,

and the surgeon, seated by his side, presses his unbooted heel, not
his foot, against the head of the humerus, the arm being well
carried from the side to allow of his doing so. It is of import-
ance that he presses up no folds of skin in front of Ins heel, or

Fig. 390.—Traction with the Knee in the Axilla.

serious laceration may readily occur. Traction is now made down-
wards and outwards, and at the same time the surgeon swings the

humerus inwards, using his heel as a fulcrum. An additional

assistant may easily draw upon the fore-arm, should this be required
;

and a strong towel may be fixed round the arm and hitched over the

surgeon's shoulders. Few, if any, recent dislocations will resist

these endeavours.

4. Other methods of reduction.—These are very numerous,

but in this section we will only mention the following :

—

Extension of the limb, the scapula being pressed downwards
by the hands of an assistant or the foot of the operator. This is an
efficacious method, but throws a serious strain upon the axillary

vessels, especially in dislocations of long standing. For this reason

it should be adopted with caution. The patient being placed per-

fectly supine upon a mattress laid on the table, the surgeon makes
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steady traction upon the arm and fore-arm for about ten minutes,
the limb being nearly at right angles to the trunk. As the
traction proceeds, the arm is raised nearer and nearer towards the
head, but is, of course, carefully maintained in the same horizontal

plane as the body. The scapula must be. well pushed downwards,
and fixed as much as possible by an assistant, who takes up his

position on the opposite side to the surgeon, and facing the patient.

He keeps hold of the patient's trunk, and introduces thereby a

counter-extending force. In this manipulation the limb is kept
horizontal throughout. The muscles usually cease to resist from the

long-continued traction, and the limb being suddenly brought down
against the side, reduction is effected. With some surgeons it is a
very favourite method, and the principle is to tire the muscles by
long-continued traction.

Simple flexion of the fore-arm, with external or internal rota-

tion, is employed by many surgeons. Kelly, ©f Dublin, advises

that the patient lie upon the edge of a low bed ; the surgeon
insinuates his hip into the axilla, and draws the affected limb across

the front of his own pelvis, and round to the opposite hip. He now
slowly rotates his body outwards, and makes traction upon the wrist

of the dislocated limb at the same time, thus prising the head of the

bone outwards to its socket.

Methods of treatment of subspinous and subclavicular disloca-

tions.—These displacements are far more difficult to reduce than
those into the axilla; and in a case of subclavicular dislocation seen

by the writer, when five days had elapsed before treatment was com-
menced, all efforts at restoration of the parts were quite unavailing.

The first principle of treatment of these dislocations seems to be
to make extension with rotary movements in the axis of the dis-

location, until the head of the bone is brought close to the glenoid

cavity, and presumably below it, when flexion of the fore-arm, and
external or internal rotation, or extension with the heel in the

axilla, will probably replace it.

Treatment after reduction.—After the reduction of a

dislocation of the humerus the limb may long remain feeble, with

greatly impaired movement at the shoulder, especially in the

upward direction. This is due to the weakness of the deltoid

and the cicatricial contraction of the lower part of the capsule.

If the circumflex nerve has been stretched or ruptured the deltoid

will waste, and in some dislocations one or more of the axillary

nerve-cords may be injured, with permanent damage to groups of

muscles of the upper extremity. When the great nerve trunks

are much bruised, muscular wasting will persist for many months,

and yet under treatment recovery may ensue. In some cases

traumatic neuritis sets in, and this is marked by atrophy of the

hand and fore-arm, with contractions of the joints, " glossy " skin,

ulcerations about the terminations of the digits, modifications of

local temperature, and severe burning pains.

After reduction of a dislocation the arm should be bandaged to the
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side, over a large, soft axillary pad, and the fore-arm supported in a
large sling, while spirit lotion is applied over the joint. When a
week has elapsed, massage and movement should be cautiously com-
menced, and continued daily with gradually increasing boldness.

After a fortnight the fore-arm may be confined in a sling merely,
and in a month the patient should be encouraged to use the limb
cautiously. The prudent surgeon will see to all this himself. Should
atrophy of muscles ensue, he will probably be unjustly blamed, and
he should be exceedingly cautious in prognosis aecoi'dingly.

Treatment ©I dislocation of tSae Maisierus, associated
with fracture of tae shaft of the bone.—This accident is,

fortunately, as rare as it is embarrassing. The surgeon is sometimes
enabled to replace the head of the humerus by manipulation of the

upper fragment, with direct digital pressure in the axilla, on the

displaced head.

Should this fail, the case must be treated as a fracture. When
the bone has united—if the surgeon resort to the treatment usually

advised of endeavouring to reduce the dislocation—he will run the

inevitable risk of refracture, and of failure to return the head of the

bone to its place. Excision of the fragment has also been performed,

and a false joint has been fashioned by moving one fragment upon
another.

Recently, McBurney, of New York, has treated one of these

cases most successfully, by exposing the upper fragment, drilling it,

and inserting a strong hook. By traction upon the hook, reduction

was readily accomplished. This method seems likely to prove very

useful for these troublesome cases.

Treatment of old dislocations of the shoulder.—The path-

ology of these cases has been sufficiently indicated on page 953. A
new cavity is soon formed by pressure-absorption, and interstitial

shortening of the muscles, with fibrous thickening forming a spurious

capsule,is an early phenomenon. The adhesion of the vessels and nerves

to the lacerated capsule is a matter of the utmost surgical importance.

Many unreduced dislocations of the shoulder, if energetically treated

by galvanism, daily massage, and movements, become surprisingly

useful ; but such treatment must be persevered in for many months.

No hard-and-fast line can be laid down for the time when it is, or is

not, justifiable to attempt reduction. The age and vigour of the

patient, and especially the condition of his vessels as to atheroma-

tous disease, must be carefully taken into account. As a rough rule,

when a dislocation has been left unreduced as long as it would take

a fracture of the humerus to firmly unite (about six weeks), great

trouble will be experienced in reducing it, and every week that

elapses after this time increases the difficulty markedly. The
necessaiy force that is used in some of these cases, may result in the

following lamentable complications :

—

(1) Rupture of the vessels, diffuse axillary aneurysm.

(2) Extensive effusion of blood from laceration of the tissues,

with subsequent diffuse suppuration.
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(3) Laceration of the skin, with erysipelatous inflammation.

(4) Injury of the nerves.

(5) Fractures of the shaft of the humerus, or of the ribs.

(6) In old and feeble persons, death from shock, or cerebral

symptoms, suggestive of thrombosis or embolism.

Lastly, after prolonged and exhaustive efforts, the surgeon may
quite fail in his endeavour to restore the head of the bone to its

place, though he has exposed his patient to one or more of the above
dangers, and this, in my experience, is the common result of

attempts to reduce old dislocations of the shoulder.

The resources of modern aseptic surgery have rendered open arthro-

tomy very advantageous in some of these cases. The short muscles

and all resistant structures are freely divided, the vessels and nerves

peeled from the capsule with a rugine, and the head of the bone
restored to its place. The results of this proceeding have been ex-

cellent. The operation may be most difficult, and it is astonishing

how the head of the humerus remains fixed, even when the liga-

ments and short muscles are extensively divided. No surgeon

should lightly undertake it. Excision of the head of the bone is

easier, attended with less operative interference, and gives admir-

able results. Great care should be taken not to divide the cir-

cumflex artery too close to the main trunk, or it may be impossible

to arrest the bleeding without ligature of the axillary vessel or

amputation. The special indication for open operations on old dis-

locations of the shoulder is nerve pressure from the head of the

bone, with atrophy and weakness of the limb. Here great care must
be exercised to discriminate between the symptoms of nerve pressure

and nerve rupture.

Recurrent dislocations of the humerus.—It sometimes
happens, especially after the reduction of dislocations of old stand-

ing, that the displacement persistently recurs on the least muscular
exertion, so that the patient's life becomes a miserable one. The ex-

planation of these cases is, that there remains a large unhealed rent in

the capsule, or great laxity of it, or that a portion of the edge of

the glenoid cavity is broken away, or a fracture of the neck of the

scapula may complicate the dislocation. Joesoel, of Strasburg, affirms

that by dissection he has been able to establish the fact that these

dislocations are due to permanent separation of the tendons from
the tuberosities. In these cases, a mechanician may adopt a suitable

apparatus to support the shoulder. Should this fail, various methods
of treatment are advised, many of which are fanciful and some
positively harmful. These call for no mention here.

Excision has been performed by Yolkmann and others, and a

remarkably successful case has been related by Southam. This

operation is likely to give definite and permanent good results, and
I do not hesitate to advise it in obstinate cases of recurrent

dislocation.

Compound dislocations of the humerus.—These are rare

accidents, and the great violence that produces them would seldom
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leave the soft parts in such a condition that a surgeon would be
satisfied with simple reduction. Primary resection of the head of

the bone, with free flushing and drainage, would be likely to give

good results.

Congenital dislocations of the humerus.—Care must be
taken not to confound these cases with traumatic luxations or

separations of the epiphysis, which may occur during the manipula-
tions of obstetricians in complicated labours. The dislocations are

commonly symmetrical, and may occur in any direction, but the

subcoracoid seems the most frequent. The muscles round the joint

are usually paralysed, the capsule weak and elongated, the head of

the humerus altered in shape and size, and the bone much stunted

in growth. The glenoid cavity is absent or ill-formed, and another

cavity is found continuous with, or contiguous to it, where the

deformed head of the humerus imperfectly

articulates. Hitherto all treatment of

these cases has been unsatisfactory.

Dislocations of the elbow joint.

Classification.—It is possible to imagine
a considerable number of dislocations at

this joint, owing to the different direc-

tions in which the bones may be thrown,

and the fact that two bones may be
separately or conjointly implicated.

Only the more common and important

dislocations will here receive notice.

The radius and ulna may be dislo- ^ 391—Dislocation of both Bones
Cated together, backwards, inwards, Out- of the Fore-arm backwards.

wards, or forwards. They may be dis-

placed in different directions, or either bone may be dislocated

separately. All these displacements vary in degree of completeness.

The various dislocations of elbow may be arranged in order of

frequency as follows :—(1) Dislocation of the radius and ulna back-
wards, (2) outwards, (3) inwards, (4) or forwards, (5) displacement
of the ulna alone, (6) displacement of the radius alone, (7) displace-

ment of both bones in different directions.

1. Dislocation* of the radius and ia!na backwards.
Causation and morbid anatomy.—This accident is commonly caused
by falls upon the palm of the outstretched hand. It is frequent in early

life, and this is probably due to the comparatively small size of the

cartilaginous coronoid process, which is an outgrowth from the shaft

of the ulna. The weakness of the anterior and posterior ligaments,

the absence of muscular aid, and the want of mutual support
between the bones of the fore-arm and humerus, in the flexed or

extended position, are all reasons for the frequency of anterior-

posterior displacements (Fig. 391).

Pathology.—The anterior ligament is completely torn, and the

lateral ligaments generally lacerated. The biceps tendon is tense, the

brachialis anticus excessively tense or torn. The triceps tendon,
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carried backwards, is prominent, and always draws the olecranon

upwards. The median and ulnar nerves may be stretched or con-

tused. In some cases the coronoid process is fractured, and then
the dislocation tends to reproduce itself. The head of the radius

maintains its connection with the ulna. Dislocation backwards may
be complete or incomplete.

Symjrtoms.—The fore-arm is fixed, slightly flexed, shortened
;

and any movement of it is exceedingly painful. The characteristic

sign is the marked projection posteriorly of the olecranon and triceps

tendon (Fig. 392). The head of the radius, too, may be felt

projecting behind the external condyle. There
is a marked broad prominence anteriorly, caused

by the lower end of the humerus. The relations

between the condyles and olecranon are altered,

and the condyles do not move with the displaced

olecranon. This test is of vital importance as

distinguishing dislocation backwards from separa-

tion of the epiphysis in the young, or transverse

fracture in the adult.

The hand and fore-arm are generally held

midway between pronation and supination. On
reduction, the parts regain their normal form with

a "snap," and remain there, unless fracture of

the coronoid co-

exists. In a trans-
verse fracture

with displace-

ment backwards
crepitus is de-

tected, and the

deformity repro-

duces itself on
relaxing extension. Measurement from the external condyle to

the olecranon shows no alteration in transverse fracture of the lower

end of the humerus. In dislocation the distance, as compared with

the sound side, is altered. Separation of the lower epiphysis of the

humerus in young children simulates this dislocation very closely,

and the mobility or otherwise of the condyles must be most carefully

ascertained by examination tinder an anaesthetic.

2 and 3. lateral dislocations of tne radius and ulna
front the humerus. Causation and morbid anatomy.—These
accidents are produced by falls upon the outstretched hand, or upon
the elbow ; by blows, or twisting movements of machinery. They
are practically always incomplete, and the dislocation outwards is by
far the more common (Fig. 393). The sigmoid cavity of the ulna

grasps the radial articulating surface of the external condyle, and
the head of the radius is still more external, and quite clear of the

humerus. In the incomplete dislocation inwards the sigmoid cavity

impinges upon the internal condyle, above it or below it, while the

W&-%

Fig. 392.—Appearance in Dislocation of the Elbow backwards.
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head of the pronated radius rolls in the coronoid fossa in front of the
humerus. The lateral ligaments are much lacerated, but the orbicular
ligament retains the connection between the radius and ulna, and
the posterior ligament may remain unhurt. The ulnar nerve may be
damaged in the inward displacement, and these accidents may be
complicated with fracture, or separation of the epicondyle, a matter
of importance to remember and ascertain. Dislocation backwards
and outwards or inwards were also formerly described. Here
the backward displacement of the olecranon is a more important
symptom than the lateral deviation.

Symptoms.—In the dislocation outwards the fore-arm is flexed and
pronated, and movements are restricted and painful. The limb ap-
pears widened opposite the joint. On the outer side will be felt

the prominent displaced head of the radius.
Internal to this is another projection; this
is the displaced olecranon. Proceeding still

more internally, we plainly feel the projecting

Fig. 393.—Partial Dislocation of the Elbow outwards. (After Tillmann.)

internal condyle, and a gap beneath it, owing to the ulna having
been thrown outwards.

In the dislocation inwards the reverse occurs ; the fore-arm is

still flexed and held midway between pronation and supination,

with the appearance of widening at the flexure of the joint ; but
there is a marked projection internally obscuring the internal

condyle, and this, by manipulation, may be ascertained to be the

upper end of the ulna. The external condyle is markedly prominent,

and there is a gap below it, owing to the radius having been thrown
inwards.

Method ofexsasiifBDiEig 1 for supposed disBocsctioas of ellwow.
—The patient should have both upper limbs stripped, and should

face the surgeon, placing the dorsum of his hands on the surgeon's

shoulders. The surgeon, having carefully inspected the injured

joint, places his thumb and little finger on the condyles and his

middle finger on the olecranon of both elbow joints of the patient.

Comparative alterations will be thus readily detected. He will

decide

—

(1) If the condyles move upon each other.

(2) If they have their normal relation to the olecranon by
measurement.
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(3) If crepitus exists ; and if in any displacement the condyles

move with the bones of the fore-arm.

(4) If the head of the radius rolls in its normal position to the

external condyle.

These questions can usually only be satisfactorily answered with

the aid of anaesthetics.

Treatment of dislocations of the elbow, backwards
and JateraJSy.—In recent cases of backward or lateral dislocation,

extension of the

fore-arm, with
counter- extension

of the humerus
will, especially

under anaesthesia,

easily bring about
reduction. In the

lateral disloca-

tions, the direc-

tion of the ex-

tension must be
appropr ia tely
modified, and di-

rect pressure made
upon the project-

ing olecranon or

radius.

Perhaps there

is no better plan

of reducing dislo-

cations of the

elbow backwards
than by the knee
method. The pa-

tient being seated,

or reclining if

anaesthetised, the

surgeon places his foot on the edge of the chair, and presses with
his knee against the humerus, drawing upon the wrist at the same
time with one hand, so as to flex the joint round his knee, and
pushing the humerus backwards with the other (Fig. 394).

If these dislocations have been overlooked for five weeks, re-

duction will probably be found impossible, the interlocked promi-

nences of bone being soon welded firmly together by fibrous

adhesions. Violent efforts, as with pulleys, are strongly to be
condemned, and the too free " breaking-up " of adhesions may be
followed by very serious inflammatory consequences, or associated with
fracture of the bones. Subcutaneous division of the triceps and of

adhesions has been had recourse to in these cases ; but supposing
the joint to be fixed in a faulty position, and the patient to be young,

Fi?. 394. —Reduction of Dislocation of the Elbow backwards.
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and a movablejoint to be of vast importance to him, a well-performed

excision of the elbow would probably give the best result, and be
devoid of the risks of unscientific violence. The bones must be freely-

removed if mobility is to be arrived at, and the operation will be
one of great difficulty.

4. Dislocation of the radius and ulna forwards (Fig.

395).—This exceptional injury is produced by direct violence to the

back of the elbow when the fore-arm is acutely flexed, the bones of

the fore-arm being thus driven forwards. In Canton's well-known
case the radius maintained its relation with the ulna, and the ole-

cranon lay in front of the humerus. The
anterior, posterior, and lateral ligaments

were torn, and the triceps muscle and
ulnar nerve also. In this injury the fore-

arm is lengthened and flexed. There is a
projection posteriorly of the lower end of

the humerus, and a depression in front

of it, where the articular ends of the

radius and ulna have passed forwards.

Should the surgeon be called to treat this

displacement, he would attempt to reduce

it by flexing the joint acutely, and then
thrusting the bones of the fore-arm back-

wards with one hand, Avhile the humerus
is drawn forwards by the other.

5. Dislocation of the upper end
of the ulna alone backwards.—
This is a rare accident. The orbicular

ligament yields, and the radius maintains
its position with regard to the external

condyle, while the ulna is displaced back-

wards. The dislocation is generally not
quite complete. The fore-arm is flexed at

an obtuse angle, and held midway between
pronation and supination, and the pro-

jection of the olecranon and triceps tendon can be made out

posteriorly.

The treatment by the knee method or extension would here be
applicable.

6. Dislocation of the upper evifi of the radius alone
(Fig. 396). Causation and classification.—This accident is generally

caused by falls on the hand, the direction of the force determining
as to whether the head of the bone shall be thrown forwards or

backwards. It may also be produced by blows on the head of the

bone, and in children and those of weak muscular development and
lax ligaments, by dragging upon the fore-arm. Dislocationforwards
is said to be most common, yet differences of opinion on this point

are evident. The head of the bone may also be thrown backwards,
and more rarely outwards.

395. — Dislocation of the
Elbow forwards.
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Displacement of the head of the radius downwards will receive

separate mention.

Morbid anatomy.—In the dislocation forwards the head of the

bone rests upon the front of the external condyle, or on the

humerus. In the dislocation backwards the head of the radius

impinges upon the back of the external condyle. The articular

and external lateral ligaments are generally lacerated, and the

oblique ligament may be torn in the displacement backwards
(Fig. 397).

Symptoms of the dislocation forwards.—The fore-arm is pronated
and slightly flexed : there is an undue fulness on the outer side of

the fore-arm, which appears shortened. The head of the radius can
be felt rolling in its new situation. Complete supination is usually

impossible, from relaxation of the biceps ; and on attempting flexion,

Fig. 396.—Dislocation of the Kadius, (a) forwards and (b) backwards.

the movement is suddenly arrested by the head of the disp]aced

radius being brought up against the front of the humerus. The
biceps tendon may be felt at the same time to be unduly relaxed.

The external, anterior, and annular ligaments are torn.

Treatment of the dislocation forwards.—The fore-arm should be
flexed, and extension be made in this direction from the wrist,

while the humerus is pressed backwards. The thumb of the hand,

which presses back the lower end of the humerus, should also firmly

force backwards the head of the radius by direct pressure. After

reduction, the fore-arm should be kept flexed at an acute angle

for about three weeks, to allow of the union of the ligaments

and prevent the biceps tendon from pulling the head of the radius

forwards. This is best effected by moulding a leather or gutta-

percha splint to the back of the arm and fore-arm. Difficulty may
be experienced in reducing this dislocation, from the interposition of

the torn orbicular ligament between the head of the radius and the

condyle.

Symptoms of the dislocation backwards.—Here the fore-arm is

slightly flexed and held midway between supination and pronation,
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the action of the biceps being interfered with. The head of the

bone can be felt rolling behind the external condyle. Extension
is arrested by the radius being brought up against the back of the

humerus.
Treatment of the dislocation backwards.—Difference of opinion

exists regarding the manipulations necessary to reduce this injury.

Some authorities advise extension and counter-extension, with

Fig. 397.—A, Dislocation of the Head of the Radius forwards ; b, Dislocation of the Head of
the Radius backwards.

direct pressure upon the head of the displaced bone, and this

would seem to be generally efficacious. Afterwards, the limb

should be put up in the flexed position, or it has been advised

that the fore-arm be kept extended, to allow the tense biceps to

pull the radius forwards. Should fracture of the external condyle

complicate these injuries, the parts must be carefully padded, and
great care and gentleness exerted in the earlier trials of passive

movement.
Dislocation of the head of the radius outwards.—It is well to

look upon these displacements as really modifications of the forwards

or backwards dislocations. Thus the head of the radius may be

thrown outwards and forwards, or outwards and backwards. The
diagnosis and treatment require no special remarks.
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Emplacement of the head of the radius downwards,
subluxation of the head of the radius This may be de-

scribed as a peculiar condition of the elbow found in young children,

produced, almost always, by lifting them up by the hand or arm,
or dragging them along by the hand. Afterwards, it will be found
that the child keeps its elbow slightly flexed and the fore-arm

held midway between pronation and supination. The patient also

complains of acute pain in the joint, and a slight projection is felt

posteriorly in the situation of the head of the radius. If the hand
be grasped, the elbow flexed, and the opposite movement made to

the position the bones of the fore-arm have assumed, supination in

pronation, pronation in supination, the parts will usually be restored

to usefulness and movement. Anaesthetics are very useful in these

cases, as movement may be unbearable. If a slight projection of the

head of the radius can be made out, pressure by the thumbs should

be made upon this at the same time.

Numerous pathological explanations have been given of this

little accident. It has been attributed to a hitching of the bicipital

tuberosity against the edge of the ulna, to the interposition of fibres

of the supinator brevis, to separation of the epiphysis, while other

authors have referred the mischief to the inferior radio-ulnar joint.

The more probable explanation seems to be, that the laxity of the

ligaments permits the head of the radius to be drawn downwards,
and the orbicular ligament slipping upwards, a fold of it becomes
interposed between the head of the radius and the condyle

(Perigarde, J. Hutchinson, junior).

Compound dislocations ofthe elbow, laterally or back-
wards.—Amputation is rarely called for, unless the soft parts are

exceedingly damaged and fractures co-exist. Should the wounds in

the skin be clean cut, simple reduction should be effected, otherwise

excision must be performed, and then the bone must be freely

removed if the surgeon wishes to obtain a subsequently movable
fore-arm. The prognosis of these injuries as regards danger to life

is favourable, though fibrous anchylosis is apt to ensue.

Congenital dislocations of the elbow.—These are not

unknown, especially in cases of " monstrosities." I have seen

congenital displacement of the head of the radius in both limbs

of the same child, on the one side forwards, on the other back-

wards.

Dislocation of the inferior radio-ulnar articulation —
Unless combined with fracture of the radius, this dislocation is

so rare as hardly to merit notice. I have seen several cases,

however, of pathological displacement from rheumatoid arthritis.

The accident is caused by violent twisting movements of the hand.

The internal lateral ligament is ruptured, the triangular inter-

articular fibro-cartilage torn, and the head of the ulna being

thrown backwards or forwards, makes an obvious prominence,

posteriorly or anteriorly. Reduction seems to have been generally

effected by extension and counter-extension. "Well-padded splints
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or plaster of Paris dressing must be afterwards applied, or the dis-

placement will return.

Dislocations of the wrist; of the carpus from the
radius. Causation and classification.—Dislocation at the radio-

carpal joint is generally caused by heavy falls on the palms of the
hands. It seems a question whether a Colles' fracture should be pro-

duced or a dislocation, but the bone usually gives way. The bond
between the radius and ulna, by the powerful triangular fibro-

cartilage, is very strong. The numerous tendons which surround
the wrist, as well as the ligaments, render the articulation very
secure, and not likely to be displaced. Heavy falls on the back of

the hand may drive the carpus forwards. The displacement back-

wards is the more common, the dislocation forwards exceptional,

either displacement being rare. The writer has seen cases of

pathological displacement and of congenital dislocation, and is

inclined to think that accidents diagnosed as traumatic dislocations

Fig. 39S.—Dislocation of the Carpus backwards. (After Anger.)

of the wrist, are really instances of fracture of the radius low
down, or separation of the epiphysis. Both of these injuries

closely simulate dislocation when the lower fragment is much dis-

placed. Compound dislocations of the wrist from machinery
accidents are not so uncommon.

Morbid anatomy.—The anterior, posterior, and lateral ligaments

are more or less torn, the tendons displaced, and " ploughed up " from
their grooves ; the vessels and nerves may also be injured. Fractures

of the lower ends of the radius and ulna may be discovered, and
where the lesions of the soft parts are very extensive, the injury is

most frequently compound.
Symptoms.—In dislocation of the carpus backwards, the deformity

is much like that of Colles' fracture (Fig. 398). There is a dorsal

prominence, and anteriorly on a lower level is another prominence
with the flexor tendons stretched over it. The whole hand is thrown
backwards, and the fingers are flexed. On close examination it

will be found that the styloid process of the radius is in its normal
position, and does not move with the dorsal protuberance on exten-

sion and rotation of the hand. The symptoms of the very rare
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forwards displacement are the reverse of the above. When there is

not great swelling, the smooth, rounded contour formed by the

upper row of the carpal bones can be plainly felt, and also the

concave surfaces of the lower ends of the radius and ulna. "When
the injury is compound the diagnosis is easy.

Treatment.—1-teduction is effected by extension and counter-

extension, and the limb splinted carefully. The subsequent swelling

is excessive, and great care must be taken that the splints are not

unduly tight. In fourteen days the plaster of Paris dressing can be

applied, and the fingers moved daily. Movements of the wrist may
be commenced in about five weeks. In compound dislocations re-

section of the protruding bones may be needful, but amputation
should never be performed unless the bones and soft parts are most
extensively crushed.

Dislocations of the carpal bones from each other.

—

Although the carpal bones are so strongly articulated, some of them
have been found from time to time separately displaced, and usually

in the dorsal direction. Hamilton has found no single dislocation

of the carpal bones, except in the case of the os magnum, pisiform

and semi-lunar. These injuries may be compound, as seen in

machinery accidents and gunshot wounds. The diagnosis is to be

made by observing an abnormal dorsal projection in the situation of

one of the bones, and care must be taken not to confound this with

a thick-walled, deeply-seated ganglion. Reduction may be effected

by direct pressure, and in compound injuries removal of the dis-

placed bones is usually the wisest course to pursue.

Dislocations of the metacarpal bones from the carpus.

—

The metacarpal bone of the thumb may be thrown backwards or

forwards from the trapezium, and more rarely one or more of the

metacarpal bones may be displaced backwards or forwards, com-
pletely or incompletely. Such accidents are the result of falls,

blows, twists, and especially machinery injuries. These dislocations

are apt to be overlooked, especially where swelling has supervened.

They are to be diagnosed by the undue prominence, posteriorly or

anteriorly, of the base of the metacarpal bone, and in the case of the

thumb by the fixity and loss of mobility of the metacarpal bone.

When seen early they can be reduced by direct extension. When
compound, the ends of the bones may be resected.

Dislocation of the phalanges from the metacarpal
bones, and from each Other.—Any of the phalanges may be dis-

placed from the metacarpal bones, but the injury is most common
and important in the thumb, index and little fingers. These
dislocations are usually backwards, the phalanx being thrown
upon the dorsum of the metacarpal bone. Dorsal, palmar, or

lateral dislocations of the second or last phalanges are also found.

The last phalanx is most commonly implicated, especially the last

phalanx of the thumb, and the principal cause of this accident is a

fall or blow on the end of the digit, such as is inflicted by a

cricket-ball. The diagnosis of these injuries is obvious, and they
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3.—Dislocation of the first Phalanx of the
Thumb backwards. (After Anger.)

are to be treated by direct extension under anaesthetics. If
inseparable difficulties be found in their reduction, an antiseptic
incision should be made, re-

sisting structures divided,

and the bones replaced. If

compound, the articular ends
may need resection. Dis-

location of the first phalanx
from the metacarpal bone of

the thumb requires special

mention, on account of the

difficulty described as met
with in reduction. I have
found as much difficulty in

reduction of dislocations of

the first phalanx in some of

the other digits, as in the

case of the thumb.

Dislocations of the
metacarpo - phalangeal
joint of the thumb.—In
the large majority of cases,

the phalanx is displaced

backwards, and the head of

the metacarpal bone bursts through the

glenoid ligament, between the two heads

of the flexor brevis pollicis, containing

the sesamoid bones which embrace its

neck (Figs. 399, 400). The prominence
of the head of the metacarpal bone may
be felt anteriorly, and the base of the

displaced phalanx dorsally. The phalanx
is flexed dorsally, forming an obtuse angle

with the metacarpal bone The obstacles

to reduction are said to be the constric-

tion of the neck of the metacarpal bone
by the short flexor tendons ; but I am
inclined to believe that torn and twisted

portions of the glenoid ligament inter-

vening, and being wrapped round the

neck of the bone, are potent causes of the

undoubted difficulty found in the treat-

ment of this displacement.

To relax the ligaments and the short

flexor tendons as much as possible, the

metacarpal bone should be strongly ad-

ducted, and the base of the phalanx pushed forwards with the

thumb of the hand that grasps the metacarpal region. The displaced

phalanx should be strongly drawn at first in the direction of the

Fig. 400.—Appearance in Dorsal
Dislocation of the first Phalanx
of the Thumb.
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displacement

—

i.e. in dorsal flexion—and as the surfaces disengage,

it should be brought towards the palm, still keeping up extension.

By adduction of the metacarpal bone, and traction in dorsal flexion

the opening between the heads of the short flexor and in the apo-

neurotic structures gapes, and on extending, the metacarpal bone
slips backwards and the base of the phalanx forwards, thus

effecting reduction. The common error made in this manipula-
tion is to exercise direct extension, before adducting and making
traction on the phalanx in dorsal flexion. Should reduction prove

impossible, open arthrotomy should be at once performed by a free

Fig. 401.—Dislocation of the Thumb. Traction on the displaced phalanx hy means of the
American forceps.

incision on the palmar aspect. Resisting structures, as portions of

ligaments or the short flexor tendons, may be divided or pulled aside

with a fine hook, and thus reduction be effected. In old cases the

base of the phalanx may be excised. I would advise this treatment

in preference to subcutaneous tenotomy ; for I have seen failure to

reduce this dislocation on more than one occasion, even when the

operator had divided the structures round the joint with the tenotome

so freely and repeatedly that there appeared little left. Should

much traction be required in dislocations of the phalanges, the

"American forceps" (Fig. 401), the " Indian puzzle," or a clove hitch

made with a soft bandage, are useful adjuncts. The " puzzle " is an

elongated cone terminating in a cord, and hollow in the centre.

"When applied to the finger," says Hamilton, "it is slipped on
tightly, forming a cap to the extremity, and to half the length of the

finger ; but on traction being made from the opposite end, it fastens
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itself to the limb with uncompromising grasp." The advantage of

this apparatus is the equable pressure it exerts, and it readily drops
off on releasing extension.

Dislocations Of the bones Of the pelvis. General remarks.
—In consequence of the great strength and breadth of the pelvic

articulations, displacements are rare. Many cases cited as disloca-

tions are really fractures, portions of bone being torn away by the
powerful ligaments. These accidents are produced by violent

crushes. Dislocations at the pubic symphysis have been caused by
forcible separation of the thighs, and also by prolonged and difficult

labours, especially in contracted pelvis. The bone is generally torn
away from the inter-articular cartilage. All these injuries may be
complicated by lacerations of the urethra or pelvic viscera, or great

veins. The treatment is practically that of fractured pelvis. The
parts should be manipulated into position by extension and pressure,

and a broad pelvic belt should be worn, with rest upon a hard,

flat mattress for six weeks to two months. Dislocations, usually

partial, of the coccyx from the sacrum are found ; but this injury

will receive notice in the article on Injuries of the Spine (Art,

XXXVIII, Vol. II).

Dislocations of the hip. Causation and classification.
—Dislocations of the hip are usually produced by great violence, and
are more common in males during active adult life, between thirty

and sixty. The accident may occur, however, in infancy or extreme
old age. On account of the depth of the acetabulum, the strength

of the ligaments, and the protected position and deep situation of the

articulation, clothed round with muscles, dislocations of the hip are

far more rare than those of the shoulder. In exceptional instances

these displacements are produced by slight causes in those who have
lax ligaments. Some contortionists possess the power of dislocating

the joint at will. Congenital dislocations of the hip-joint are com-
paratively common, and so are displacements from softening of the

capsule and ligaments in inflammatory or pyamiic affections. The
displacements of the hip in such conditions as acute ataxia and
rheumatoid arthritis are associated with considerable osseous

changes, and should hardly be classified as true dislocations. The
literature of dislocations of the hip shows that a considerable

number of traumatic displacements may occur. There is good
reason to say with Bryant that the head of the femur may be

displaced anywhere in the immediate vicinity of the acetabulum.

I may also point out that the greatest variety must occur in the

lesion or extent of lesion found in the muscles, tendons, and liga-

mentous structures in these cases. The directions and nature of

the great forces producing dislocation may also modify the described

portions of the limb ; and so especially may concomitant fractures

of the pelvis. Such considerations may well account for some of

the discrepancies found in the description of these accidents by
authors, and of the appropriate methods of treating them by
manipulation. Every surgeon of experience has met with cases of

G G
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dislocation of the hip which differed notably in one or more symp-
toms from the ordinarily received descriptions ; and the reader would
do well to look upon the explanations of the four more common
dislocations of the hip as being typical, and guides to the subject

in that sense only. The belief that certain positions and symptoms
must inevitably occur in these accidents, may lead to woeful

mistakes in practice.

Arranged in order of frequency, the dislocations of the hip may
be thus classified : (1) Dislocation backwards and upwards on to the

dorsum ilii
; (2) Dislocation backwards into the vicinity of the

sciatic notch
; (3) Dislocation downwards and forwards into the

obturator foramen; (4) Dislocation forwards and inwai'ds on to

the pubes.

Mechanism of dislocations of the hip.—The capsule of

the hip-joint is strongest anteriorly and superiorly. Anteriorly a

fan-shaped band of dense and extremely strong fibres passes from the

anterior inferior iliac spine to the front of the lesser trochanter and
the anterior inter-trochanteric line. This part of the capsule has

received the name of the Y-ligament (Bigelow). All the capsule

connected with the front of the femur is exceedingly strong, while

that connected with its back is weak. The capsule attached to the

lower and inner aspect of the acetabulum is thin and weak. The
strongest and deepest part of the acetabulum is above and posteriorly,

just where the capsule is strongest. The shallowest and weakest
part of the acetabulum is below, near the transverse notch, where
the capsule is also thin and weak.

If the femur be adducted, the head of the bone passes into the

deepest and most secure part of the cavity. If the femur be
abducted, and especially if it be rotated inwards at the same time,

it presses upon the weakest part of the capsule, and tends to slip

over the incomplete rim of the here shallow acetabulum. The round
ligament, which varies much in consistence and strength in different

individuals, in excessive adduction is tense, in abduction slack, and
any sudden violence may rupture it or tear it away from its con-

nections. From anatomical considerations, therefore, we shall

expect the head of the bone primarily to leave the capsule inferiorly

in all dislocations of the hip.

The examination of museum specimens, and the evidence of

dissections, support the above anatomical considerations. The rent

in the capsule being, in the vast majority of cases, extensive, and
starting inferiorly near the transverse notch of the acetabulum,

spreads towards the back of the neck of the femur.

Experiments on the cadaver show that in forcible abduction the

head of the bone passes out inferiorly, and is lodged in the obturator

foramen, which may be looked upon as the first position of the

femoral head in dislocations of the hip. Experiments upon the

cadaver must, however, be accepted with caution, since no one can tell

the various forces that may be at work in any given case of accident

;

and the secondary contractions of the muscles, so important
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in dislocations, is of course absent. The head of the bone having
ruptured the capsule inferiorly, and passed into the obturator
foramen, what is to determine its further course 1 The answer to

this question will be found in the position of the limb, the direction

and continuation of the force, aided by the contraction of the
muscles. If the abducted femur be flexed and rotated inwards, the
head of the bone, which it may be remembered is always opposite

the internal condyle, will pass from the obturator foramen backwards,
and if the force be continued in flexion of the thigh, will also pass

upwards. Thus are produced the dislocations into the vicinity of

the sciatic notch, and the dislocation on to the dorsum ilii in more
advanced forms. The more the thigh is flexed and rotated inwards,

the more will the head of the bone pass directly backwards, and if

the flexion be acute enough, and the force continue, there is no reason

why the head of the bone should not pass backwards and actually

downwards towards the tuber ischii. In moderate flexion of the

thigh with inward rotation, the head of the femur will plough its

way upwards and backwards from the obturator foramen to the

dorsum ilii. According to this view, all backward dislocations of

the hip are primarily below the tendon of the obturator internus,

and there is no need of the classification of Bigelow, of dislocations

above and below the tendon, since the dislocation above it -cannot

primarily occur.

That this is the correct explanation of the mechanism of disloca-

tions of the hip, as argued by Fabbri, Tillaux, Coote, and more recently

with undeniable force and clearness by Morris, it is idle to deny. At
the same time, it is possible that in exceptional circumstances the

head of the bone may be thrust through the posterior part of the

capsule, beneath the strong superior fibres by direct violence. In
such cases the lip of the acetabulum is usually broken, a portion of

bone being carried away with the capsule, attached to the neck of

the femur. MacCormac, however, cites one case of direct back-

ward dislocation without fracture, and the clinical evidence of this

accident is sometimes very suggestive. I have seen the cases

of two men, sitting in a railway carriage, with the right leg

crossed over the left, in the position, therefore, of flexion and
adduction. The carriage was smashed in, and both of them sus-

tained dorsal dislocations of the femur, with a large hsematoma on
the front of the knee, marking the application of the force. In
such cases, the inference that the head of the femur is thrust out

through the posterior part of the capsule, is strong. There was no
fracture in either of these cases, which were treated by the ordinary

methods of manipulation with success. The advocates of the first

theory would here object, that though the thigh was adducted, the

pelvis might have been violently abducted during the crushing force,

and so the head of the bone would really burst through the capsule

inferiorly.

In the present state of our knowledge it is safe to assume
that, in the vast majority of cases, dislocations of the hip are

G g 2
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primarily downwards. Direct backward dislocations are generally

associated with fracture of the rim of the acetabulum ; and that this

displacement can take place without fracture is only maintained by
scanty pathological proof, and by clinical observation, which, without

dissection, may prove erroneous. Primary direct dorsal dislocation

above the tendon of the obturator internus cannot occur without

fracture, since here the head of the bone encounters the deep rim

of the acetabulum, and part of the strongest portion of the capsule.

Obstacles to reduction, es-
pecially in backward disloca-
tions.—The upper and anterior part

of the capsule being of extreme

power, is rendered tense on exten-

sion, but is relaxed on flexion. The
|k tension of the untorn part of the

lm capsule is one of the great obstacles

in drawing the head of the femur
back to the acetabulum. A flap of

torn capsule frequently becomes in-

terposed between the acetabulum and
the head of the femur. The head of

the bone being thrust through or

among the short rotator muscles, is

often tightly girt by them and by
tendinous fibres. The tendon of the

obturator externus, if not ruptured,

may bind down the neck of the femur
like a cord, and the great sciatic

nerve also may be entangled. All

such structures as these are tightened

in direct extension, and great force

is needful to "overcome their resist-

ance," or, in other words, to tear, and
pull the head of the bone from
amongst them. Hence the import-

ance of free flexion to relax such important resistant structures as

those enumerated.

Condition of the soft parts in backward dislocations
of the hip.—-It has already been pointed out that the rent of the

capsule is inferiorly near the transverse notch. The tear is usually

an extensive one, and extends towards the posterior surface of the

femoral neck, the capsule being torn from the femur posteriorly, and
not from the acetabulum, where it is comparatively strong. The
short rotator muscles, the obturators, quadratus, the gemelli, and
pyriformis are torn or violently stretched. The tendon of the

obturator internus usually remains intact, but in marked cases all

these muscles may be completely lacerated. The pectineus is gene-

rally torn, the psoas and iliacus are greatly stretched. The great

sciatic nerve may be contused or even lacerated, and is frequently

Fig. 402.—Dislocation of the Femur
backwards.
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pressed upon by the head of the bone, or looped round its neck. The
head of the bone ploughs its way beneath the glutsei, but it may
lacerate them extensively. The greater the violence, the farther the
head of the bone ascends on the dorsum, the more extensive will all

these lesions be. The ligamentum teres generally tears a scale of
bone away from the femur, or may itself be torn.

1. Dislocation upwards and backwards on to the
dorsum ilii (Figs. 402, 403). Causation.—This, the most common
dislocation of the hip, is produced by such accidents as heavy falls

during abduction of the thighs, and especially when masses of metal
or earth of great weight fall on the back when the thighs are abducted
and flexed. This accident may also occur from the violent wrenches
and twists of great machinery or railway
accidents.

Symptoms.—The limb is shortened to

an extent corresponding to the height the
head of the bone has ascended. This is at
least an inch and a half or two inches.

The limb is flexed, adducted, and rotated

inwards, so that the knee points across

the lower third of the opposite thigh, and
the ball of the great toe on the dorsum of

the sound foot. There is a marked ap-

pearance of widening of the buttock, the

trochanter being turned forwards, and ap-

proximated to the anterior superior spine

above the line of Nelaton. The ilio-tibial

fascia is relaxed, because of the approxi-

mation of the trochanter to the anterior

superior spine. On feeling deeply in the
groin, the femoral vessels, instead of beat-

ing in evident relief, will sink backwards
into a hollow, and in thin subjects the rim of the acetabulum may
even be felt. This is a symptom of great value. The fold of the

buttock, on posterior inspection, is seen to be raised. There is con-

siderable fixation of the limb, which can only be slightly flexed,

adducted, and rotated inwards. Moderate traction fails to draw the
limb down to its proper length, a valuable differential diagnostic sign

from fracture. Under anaesthesia, the head of the bone may be felt

in the buttock.

Treatment.—This should be undertaken as soon as possible.

The patient, being laid perfectly flat on a hard mattress, is

deeply anaesthetised with ether. The surgeon flexes the leg on the

thigh to relax the hamstrings and great sciatic nerve. Continuing
flexion, he bends the thigh on the pelvis until resistance is

encountered. As the thigh is bent up it is carried towards the

pubes in slight adduction. This manipulation relaxes the untorn
part of the capsule or ilio-femoral ligament, the tension of which
produces inversion. The thigh is now abducted to bring the head of

Fig. 403.— Dorsal Dislocation of the
Hip. (After Pick.)
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the bone forwards, and to enlarge the rent in the capsule. It is next

well rotated outwards ; this relaxes any of the tense untorn rotators,

Fig. 404.—Flexion, Abduction and Rotation outwards, in Dorsal Dislocation of the Hip.

and slips the head of the bone into the acetabulum, the limb being

finally brought down in extension. To sum up these movements,
which should be executed powerfully in a continuous sweeping

Fig. 405.—Forcibly lifting the Flexed Femur in Dorsal Dislocation.

manner, flex in adduction, abduct, rotate outwards, extend
(Fig. 404).

Lifting movements are very useful in reducing backward disloca-

tions of the hip, and these may well be combined with abduction and
rotation outwards or inwards. The pelvis should be firmly fixed in all
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such manipulations by the hands of assistants, or a broad padded belt

fastened to staples, or strongly strapped round the bed (Fig. 405).

Provided the thigh be well flexed, considerable force may be exerted

upon it by traction to lift the head of the bone into the acetabulum.
Should manipulations fail, they may again be repeated on another
occasion. There is seldom any difficulty in reducing a recent

dislocation by manipulation if deep ether anaesthesia be induced.

Old dislocations of the femur backivards.—When the displace-

ment has been left um^educed some weeks or months, great diffi-

culties may be experienced, and I would not attempt to lay down

Fig. 406.—Unreduced Backward Dislocation of the Hip. The acetabulum is filled up and a
new cavity is formed on the dorsum ilii. The head of the femur is altered in shape.

any time as to when it is right to attempt reduction. It may
be pointed out that (1) manipulation is at least as likely to suc-

ceed as the use of pulleys or violent extension. (2) That the age,

vigour, and occupation of the patient must be considered. (3) That
manipulations, though they may fail in reduction, improve the case

by breaking down adhesions. (4) That violent manipulations may
cause such accidents as injuries to the sciatic nerve or vessels, ex-

tensive extravasation of blood and diffuse abscess, or fracture of the

neck of the femur, the limb becoming mobile and everted with
obvious crepitus. This latter accident I have myself witnessed.

It would seem safer in these cases to attempt reduction by freely

exposing the paints by a long incision posteriorly, and after dividing

resistant structures to replace the head of the femur. Excision

of the displaced head is also easily and certainly performed,
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and promises to be very successful. The greater number of

old dislocations of the liip may well be left alone; and as the head

of the bone works for itself a new socket, the tissues condense

about it, and the lacerated muscles heal and recover contractility. A
very useful limb will often ultimately result, the shortening being

remedied by an appropriate boot. Muscle at first intervenes be-

tween the osseous surfaces, and a regular new bony socket seldom

forms so quickly as is the case in the shoulder (Fig. 406).

The above remarks apply to any variety of ancient hip dislocation.

If anchylosishas occurred in abad position, Adam's operation of dividing

the neck of the bone with a fine saw would probably give good results.

2. Dislocation backwards into the vicinity of J he
sciatic notch (Figs. 407, 40S).

—Much the same accidents that

produce a dorsal dislocation will

produce a dislocation near the

sciatic notch, if the thigh be

much flexed and rotated inwards.

The amount of violence is gene-

rally less. The head of the bone
does not pass so far upwards,

lying beneath the obturator in-

ternus tendon, and usually upon
the spine of the ischium.

Symptoms.—These resemble

the dorsal dislocation. As the

head of the bone ascends but

little, the shortening is less

—

usually under an inch. The thigh

is flexed, adducted, and rotated

inwards. The knee pointing to

the knee of the sound side, and the ball of the toe towards the

dorsum of the toe of the uninjured limb. The trochanter is

a little raised, and the fold of the buttock also. The undue hollow

of the groin from the sinking back of the femoral vessels may be

detected. The slight shortening and the direction of the axis of

the injured limb across the knee of the same thigh will differentiate

this dislocation from the displacement on to the dorsum ilii. There
is sometimes considerable flexion of the thigh in this accident, a

symptom which is especially marked when the patient is lying upon
his back. The shortening will then appear to be great ; but on
measurement, this is negatived. The head of the bone may be
felt on deep manipulation, from the buttock, rectum, or vagina.

This dislocation is often difficult to diagnose when there is much
swelling, or in corpulent persons whose hip muscles and glutei are

bulky and loaded with fat. It is not infrequently overlooked, and
I have seen considerable mobility in sciatic dislocation, so that a

superficial observer might easily have declared that no displace

ment could have existed.

407.—Sciatic Dislocation of the Hip.
(After Pick.)
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Treatment.—A sciatic dislocation is to be treated in the same
manner as a dorsal displacement. Lifting the head of the bone with
abduction and external rotation is very useful. Too forcible abduc-
tion will land the head of the bone in the thyroid foramen.

Backward dislocations complicated by fracture.—In extreme
cases of this nature the pelvis may be splintered into fragments.
The most interesting complication is direct

dorsal dislocation with fracture of the rim
of the acetabulum, or, as related by Bir-

kett, the head of the femur may be frac-

tured as well, a portion remaining in the

acetabulum. This accident may be sus-

pected by the detection of crepitus, and a

tendency to reproduction of the dislocation,

which persistently occurs unless a weight
be affixed to the foot and leg. Fracture
of the shaft of the femur with dislocation

is very rare. If the case be seen early,

under deep anaesthesia, manipulation of the

upper part of the shaft, with pressure on
the displaced head, may perhaps bring about
reduction. I see no reason why the method
of McBurney, as advised in similar in-

juries of the shoulder, should not here be
applicable. Extension of the thigh is, of

course, useless ; and if the shaft of the

femur is allowed to unite firmly, it will

probably be then too late to reduce the

dislocation.

Especial difficulties in diagnosis of
backward dislocations. — Traumatic back-

ward dislocations of the hip have to be

diagnosed from (1) impacted inverted frac-

ture
; (2) separation of the upper femoral

epiphysis
; (3) old hip disease

; (4) rheu-

matoid arthritis with deformity
; (5) con-

genital displacement.

In impacted inverted fracture, examined
under anaesthesia, there is free movement.
The femoral vessels have not receded into

a hollow. The ilio-tibial band is markedly
slackened in fractures of the neck of the femur. Crepitus from

some giving way of the impaction will probably occur during

manipulation, and the limb will become everted. Should the great

trochanter be fractured and drawn away, it may be mistaken for

the head of the femur on the buttock ; but crepitus can usually be

detected.

Separation of the upper epiphysis may be suspected in a person

under the age of eighteen years, and the younger the patient the

g g *

Fig. 408.—Sciatic Dislocation of

the Hip.
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more probable is the occurrence of what is, after all, an exceptional

accident. Eversion of the foot is observed in these accidents, with,

of course, free mobility under anaesthesia, and any shortening can

be removed by drawing down the limb. On relaxing traction,

the shortening and deformity are reproduced. The line of separa-

tion lies wholly within the capsule.

Old hip disease, or congenital displacement, can hardly be

mistaken for traumatic hip dislocation. Errors in these directions

usually occur when a person, the subject, let us say, of an old dis-

placement of the hip from pyaemic inflammation, gets a heavy fall

on the part, and is afterwards incoherent from alcoholism or con-

comitant head injury. It may then be hastily assumed that the

displacement is recent. A warning of this error is sufficient to

guard the reader against committing it.

In rheumatoid arthritis, the history of long-continued pain and
lameness and the peculiar crepitus will serve as useful guides.

Such cases are far more likely to be mistaken for fractures than

dislocations.

Anomalous backward dislocations.—The head of the femur may
lie just below the anterior superior

spine and above the anterior inferior

spine, the trochanter being turned
backwards and sunk into a hollow.

This is termed the supra-spinous

dislocation. The head of the bone
has also been found just above the

acetabulum, and has passed back-

wards and downwards to the tuber

ischii. In all these cases the head
of the bone can be felt by manipu-
lation under anaesthetics. There is

considerable shortening, and in the

dislocation downwards and back-

wards, much flexion of the thigh

across the middle of the thigh of

the sound side. In the supra-

spinous, and even in some appa-

rently ordinary dorsal dislocations,

eversion sometimes occurs, and the

case thus much resembles a fracture.

Eversion has been attributed to a
continuation of the force violently rotating the limb outwards
after the head of the bone has reached the dorsum and rupturing

some of the fibres of the ilio-femoral ligament, upon the tension

of which inversion depends. These cases are to be diagnosed

from fracture by the absence of crepitus, the sunken position

of the trochanter, the impossibility of bringing the limb to its

proper length by traction, and the detection of the head of the

femur in an abnormal position. In the treatment, the head of the

Fig. 409. —Obturator Dislocation of the
Hip. (After Pick.)
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bone should be brought as close to the acetabulum as possible by
flexion and traction, and then the ordinary manipulation methods
should be applied.

3. Dislocation downwards and forwards into the obtu-
rator foramen (Figs. 409 and 410). Condition of soft parts.—The
capsule is torn inferiorly, and the rent extends forwards and upwards,
instead of backwards and upwards,

as in the case of the posterior dislo-

cations. The ligamentum teres is

torn away from the femur. The
adductors, pectineus, and gracilis

from the abduction of the femur are

excessively tense and often lacerated.

The ilio-psoas tendon is exceedingly

tense ; the glutei and obturator in-

ternus, with the gemelli and pyri-

formis, are much stretched. The
head of the bone lies on the obtu-

rator externus muscle, pressing upon,

tearing or stretching the obturator

nerve.

Causation. —This is essentially

the accident of extreme abduction.

As has been explained, the first

position of the head of the bone is

downwards. If it move a little

forwards, a thyroid dislocation

occurs. This displacement can be

readily manufactured in the cadaver

by violent abduction. In practice

it will be found to be caused by
such accidents as falls with the legs

widely apart, or stepping with one
foot on to a boat which suddenly
moves away from a pier. So, heavy
weights falling upon the back, when
the limbs are widely abducted, may
produce an obturator dislocation.

Symptoms.—The thigh is a little

flexed, abducted, with the foot

pointed forwards or everted (Fig.

410). There is lengthening, but this is seen to be apparent only
from the tilting of the pelvis. In some cases, true lengthening is,

however, found. Two marked signs are the tension of the ad-
ductor longus, which stands out like a tight cord, and the deep
hollow left externally by the sinking inwards of the trochanter
The fold of the buttock is lowered, and much pain is complained of

in the course of the obturator nerve. The head of the bone may or
may not be detected, according to the extent it is thrown inwards.

G G* 2

-Obturator Dislocation of tin

Hip.
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Treatment.— Flex the leg on the thigh, and the thigh on the pelvis

in slight abduction; adduct the thigh until opposite the umbilicus.

Fig. 411.—Flexion, Abduction and Rotation inwards in Pubic or Obturator Dislocations.

Rotate inwards and extend (Fig. 411). By this means the

of the bone retraces its steps into the aceta-

bulum. In some cases of this manipula-

tion, too forcible flexion of the thigh may
press the displaced head backwards to-

wards the sciatic region. Abduction and
rotation outwards may then succeed, when
the previous manipulation has failed. So,

too, flexion of the thigh and lifting the

head of the femur outwards and upwards
into the acetabulum, combined
with rotation inwards and out-

wards, have proved successful.

While the surgeon is adduct-

ing the flexed limb, a powerful

assistant may pass a jack-

towel round the thigh, and the

pelvis being firmly

fixed, he, passing

his shoulders
through the towel,

heaves upwards
and outwards,

while the surgeon

adducts the limb

and rotates it in-

wards. This dislo-

cation has also

been reduced by

head

Fig. 412.—Position of the Head of the Femur in

Pubic Dislocations.
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If violent extension and

placing a heavy sand-bag, or the well-padded bed-post, between the
thighs and adducting the limb upon these as a fulcrum.

4. Dislocation forwards and inwards on to the pubes,
dislocation under the crural arch (Fig. 412). Condition of
soft parts.—The pubic dislocation may be looked upon as a
further degree of obturator displacement,

rotation outwards occurs, the head of the
femur will mount upwards and forwards
beneath Poupart's ligament. The soft

parts are torn and lacerated to much the

same extent as in the obturator disloca-

tion. The capsule is torn inferiorly, but,

according to Gunn, anteriorly also, to a
marked extent. The head of the bone
lies usually nearer the ilium than the
pubes, to the outer side of the femoral
vessels ; the crural nerves are, therefore,

often stretched considerably. The head
of the femur may pass under Poupart's

ligament for a considerable distance up-

wards into the pelvis. The tension of

the ilio-psoas tendon and the untorn
ilio-femoral ligament produces eversion.

Symptoms.—There is true shortening

to the extent of about an inch, or even
more. The limb is a little flexed, ab-

ducted, and everted (Fig. 413). It is very
fixed, slight flexion being only per-

mitted. There is pain in the course of

the crural nerve, and the head of the

femur makes a marked projection beneath
Poupart's ligament, which is the dis-

tinguishing sign of the accident, and at

once differentiates it from fracture.

Treatment.—The leg and thigh are

flexed in slight abduction, and then
swept inwards in adduction until near

the median line; rotation inwards or Fig. «s

rotation outwards may then be tried, the

limb being extended at the same time.

By these means the head of the bone retraces its steps round the

acetabulum to the inner side and below, and the final manipulation

slips it into the socket. Should the head of the bone have passed

far under the crural arch, it would be right to flex the leg and thigh

well, and draw or lift it downwards, until it is judged that the

head of the bone is sufficiently disengaged to move freely on mani-

pulation. The different methods of manipulation advised for this

dislocation make it very probable that no one method will succeed

for all cases

:.—Pubic Dislocation of to*
Hip.
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Anomalous forward dislocations.-—The principal of these are

as follows : Yery violent and continued abduction may force the

head of the femur into the perineum, where it may be felt, exercising

pressure upon the urethra. All the symptoms of obturator disloca-

tions are here very exaggerated. The head of the femur has been
thrown forwards and directly upwards, and has been found resting

upon the ilium, below the anterior inferior spine (subspinous). In
all such displacements the detection of the head of the bone in its

novel position will be the best guide to diagnosis, and the treatment
can only be conducted by carefully studying the peculiarities of each

individual case.

After consequences and after treatment of dislocations of the

hip.—Should there have been extensive lesions of the soft parts,

much weakness and lameness may long persist after dislocation

of the hip. Should the sciatic nerve be injured, wasting of groups

of muscles, especially the extensors of the foot upon the leg, may
be observed. In the old and rheumatic, arthritis will probably

supervene, with calcareous deposits about the articulation, and
weakening of the large muscles about the hip. After reduction of a

dislocation, the long splint should be applied for about fourteen

days, and then daily manipulations, increasing in extent, should be
carried out, with massage of the muscles, and galvanism, and this

treatment should be long continued. If there has been any suspicion

of fracture of the rim of the acetabulum, it must be remembered
that if the patient places his weight on the foot too soon, the

dislocation will be certainly reproduced. Treatment by extension

and rest should be kept up for fully two months, in a heavy man, in

these cases.

Compound- dislocations of the hip.—The remarks concerning

dislocations of large joints (page 957) may be studied in connection

with this subject. Primary excision should always be preferred to

amputation in compound dislocations of the hip.

f&ecapitulation.—To tabulate the methods of treatment of the

four common dislocations of the hip by manipulation we may say :

—

(1) Flex the thigh in adduction in the dorsal and sciatic disloca-

tions. Flex the thigh in the abducted position in the obturator and
pubic dislocations. The object of the flexion is to relax the Y-liga-

ment.

(2) Abduct and rotate outwards in the dorsal and sciatic dislo-

cations ; adduct and rotate inwards in the obturator and pubic-

dislocations. These manipulations cause the head of the bone to

retrace its steps through the capsular rent, and relax the short

rotator muscles.

(3) Extend in all cases. This causes the head of the bone to

enter the acetabulum.
Congenital dislocations of the hip.—Congenital displace-

ments of the hip are comparatively common, and are of all kinds,

yet the dorsal displacements are the more frequent. The affection

is more common in females than in males. Congenital malformation
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would be a better term in many of these cases, which are often

found combined with "monstrosities" of various kinds. The pelvis

may be ill-developed, and I have seen congenital dislocation asso-

ciated with deficiency of the symphysis pubis and extroversion of the
bladder. The head of the femur is stunted in growth or flattened

and oval in shape. The ligamentum teres is absent, or represented
by a long atrophic cord. The capsule is replaced by ligamentous
fibres. Some authors on the contrary describe the capsule in these

cases as being unusually thick and strong. The anterior portion of it

is often well developed, and markedly resists downward traction. The
acetabulum is flattened and shallow, of triangular form, and its rim
is deficient, the stunted femoral head thus readily slipping "out
and in." A new socket Lined with synovial membrane is sometimes
found on the ilium. The muscles are frequently atrophic from chronic

or infantile paralysis. Some are contracted, others degenerated, their

true tissue being replaced by connective tissue and fat. Some
difference of opinion exists as to whether this dislocation is unilateral

or bilateral in order of frequency. From my own experience and
the perusal of recorded cases, I am inclined to believe that the
bilateral displacement is the more common. These cases must not
be confounded with injuries of the hip-joints, produced by the efforts

of the accoucheur in difficult labours.

Developmental peculiarities in congenital dislocations of the hip.

—The idea that congenital dislocation of the hip is due to develop-

mental error is far the most rational theory of the causation of this

condition that we can adopt. In several recorded cases the iliac

segment of the acetabulum has been absent, a shallow, triangular

cavity being formed by the pubic and ischiatic segments. The
essential point in the development of the acetabulum is a growth of

pelvic cartilage round the head of the femur. This should be com-
pleted about the third month. The mesoblast about the joint

becomes converted into the capsule and ligaments, while the meso-

blast between the head of the femur and the acetabulum forms

the ligamentum teres. Irregularities in the differentiation of the

mesoblast may explain the fibrous bands sometimes met with, and
the ill-formed capsule. In cases of congenital displacement of the

head of the femur " an absence of the margin of the acetabulum

is a prime feature " (Lockwood). Since motion is probably essential

for the proper formation of a joint, it is interesting to observe that

in some of these cases—notably in two recorded by Lockwood—the

thighs have been acutely flexed, and the legs hyper-extended upon
the thighs. Such a posture would prevent motion -at the hip in

intra-uterine lifej and militate against proper development of the

joint.

Symptoms.—The gait is waddling, with a characteristic roll; the

buttocks and belly are extremely prominent. The heels are not well

brought to the ground, the patient walking upon the "balls of the

feet." There is very marked lordosis, the trochanters are much
raised above the line of JSTelaton (Fig. 414). There is free mobility,
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except in abduction, and traction in the flexed position restores the

limb or limbs to their proper length. The displacement is at once

reproduced, and there is a curious clicking sensation produced by

the stunted head of the femur slipping " in and out " of its shallow

cavity. The head of the bone is difficult to feel, since it is

frequently atro-

phic and covered

by large muscles.

When the dislo-

cation is unilate-

ral, the patient

walks with a limp,

the hip is promi-

nent, lordosis is

not so marked.

There is slight

lateral curvature

of the spine in

the lumbar region,

the convexity

being towards the

lame side. The trochanter lies well above
Nelaton's line. The other symptoms will be
the same. The lameness will have been noticed

when the child began to walk. This negatives

traumatic dislocation.

Treatment. — The following methods of

treatment have been adopted for these condi-

tions : (1) Continuous extension for twelve

months or more on a couch, and with an ap-

paratus designed for each particular case.

This may be combined with tenotomy of con-

tracted or resistant muscles
; (2) Guerin prac-

tises " deep scarifications " of the capsule and
cellular tissue round the joint, in order to fix

the head of the bone in a fresh position, and
then by extension and passive motion attempts

to form a new socket by pressure absorption.

Of continuous extension and the method
of Guerin little need be said. Such plans of

treatment are seldom now adopted, for the

ultimate results are poor.

Operations for congenital dislocations of the hip principally owe
their performance to the writings and teachings of Hoffa, published

in 1890. Karewski in 1889 opened the joint by an anterior incision,

and replaced the head of the bone, in a case of paralytic subluxation.

He claims that this case was the first in which "bloody replace-

ment " of a dislocated hip had been successfully accomplished.

The principles of Hoffa's operation may thus be summarised :

—

Pig. 414. — Bilateral Con-
genital Dislocation of the

Hip. (From a case of

Mr. Stanley Boyd's.)
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(1) The joint is opened by a straight posterior incision, and the

capsule is divided at its femoral attachment.

(2) The muscles attached to the trochanter major are divided as

close to their periosteal attachments as possible. In children under
five it is generally possible by flexion of the thigh, and direct

pressure upon the head of the bone, to bring the latter into the
situation of the old acetabulum. The hip and knee now remain
flexed.

(4) The head of the bone being held firmly in its new position, an
assistant gradually extends the thigh, so as to extend and stretch the

biceps, semi-membrauous, and semi-tendinous.

(5) A new acetabulum is formed, if needful, by the free use of

Volkmann's spoon.

In children of over six years the hamstring muscles are divided

near the tuber-ischii. The limb is next abducted, and the adductors

divided subcutaneously. The limb is hyper-extended, and the

fascia lata divided freely near the anterior superior spine. The
head of the femur is now cut down upon by the posterior incision,

the short muscles attached to the trochanter are divided, and the

head of the femur is thrust out of the wound. The capsule must
be very freely divided, especially the anterior part of it, and any liga-

mentum teres present cut away. Should the acetabulum be shallow

or insufficient, a new cavity is formed by the free use of a sharp

Volkmann's spoon. The cavity must be broad and deep. The
head of the bone, by traction and manipulation, is fixed in this. The
limb is placed in a fixed apparatus, with the thigh abducted, and
careful asepsis must be aimed at. After four weeks, massage and
cautious passive movements are carried out. Then an apparatus is

constructed, which is worn for weeks or months. Cases of bilateral

displacement wear a corset. Lorenz modifies Hoffa's operation by
making an anterior incision. He divides the adductors and ham-
strings subcutaneously. He lays stress on division of the anterior

part of the capsule. Hoffa claims by his operation to minimise

the waddling gait, and overcome the lordosis. He does not promise

complete cure. Anchylosis only occurs if there is suppuration.

Paci recommends forcible manipulation of the limb as in a

traumatic dislocation. Afterwards the limb is fixed in extension

in a plaster-of-Paris splint for two months. On the removal of this

an extension apparatus is applied. Kcenig's plan of raising a

portion of bone and periosteum from the ilium has received little

support. Hoffa has lost some of his cases from shock and hae-

morrhage, and fatal peritonitis has occurred from attempts to form

a new acetabulum with gouge and mallet, for the bone is thin

and weak, and easily perforated. The position of the wounds renders

perfect asepsis very difficult to maintain, and the occurrence of

suppuration and necrosis would be disastrous. I can testify that

the operation may be very difficult, and attended with trouble-

some bleeding. In England the conditions obtained by Hoffa's

operation have been generally disappointing, and far inferior to the
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results claimed by the originator. An operation—like that of

Lorenz—can only be carried out betweeii the ages of four and seven

years. The immediate results may be encouraging, but the ultimate

results do not appear to have been at all satisfactory. Possibly

improved methods of operating may yet succeed in ameliorating the

crippled condition of these patients. At the present time most English

surgeons are content to adopt some method of artificial support.

Perhaps one of the most efficient forms of apparatus for con-

genital dislocation of the hip was devised by the late Marcus Beck.

It consists essentially of a padded metallic belt, which encircles the

body between the trochanter and crest of the ilium, and is con-

tinuous with a moulded leather cap, which encloses the upper
part of the femur. From this a light

steel rod passes up into the axilla, and
so to some extent the weight of the body
is taken off the limb.

Dislocation ofthe patella. Causa-
tion and classification. — Disloca-

tion of the patella may be caused by
muscular action when the limb is in the

extended position. Owing to the oblique

direction of the femur, there is a natural

tendency for the quadriceps to pull the

patella outwards. This is counteracted

by the greater prominence of the external

condyle, and, perhaps, also by the fibres

of the vastus internus, which descend

lower than the fibres of the vastus ex-

ternus. The accident is predisposed to

by lax ligaments, and is sometimes con-

genital. In congenital displacements,

vastus internus is frequently wasted and atrophic, and the ex-

415.— Congenital Dislocation
of the Patella outwards.

the

ternal condyle of the femur deficient. The vastus externus conse-

quently draws the patella outwards (Fig. 415). The patella itself is,

in these cases, small and atrophic, and developmental error is

obvious. Genu valgum is said by many authors to predispose to

this accident. Direct blows on the inner edge of the patella may
also dislocate it outwards.

The external displacement is far the more common, the internal

very rare. Occasionally the patella is found displaced vertically,

with its inner edge turned directly forwards. The upward and
downward displacements, from rupture of the ligamentum patellae or

quadriceps extensor, should hardly be regarded as dislocations.

Many of the dislocations are incomplete, but occasionally the bone is

completely thrown to the side of the femur. In the incomplete dis-

placements the capsule of the knee may remain intact, in the

complete it is usually lacerated.

Symptoms.—The knee is fixed in semi-flexion, it has an appear-

ance of widening, sometimes it is extended. The quadriceps stands
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out in bold relief, and is directed outwards or inwards according to
the displacement. There is a depression over the inner condyle in
the dislocation outwards, and a prominence over the outer condyle
formed by the patella, with its external border projecting forwards
under the skin, and its internal border buried in the inter-condyloid
notch.

If the displacement is complete, the patella is seen as a hard,
flat mass on the outer side of the joint, with its inner edge projecting
forwards, while the front of the condyles is readily to be felt. In
the rare inward displacement the same symptoms are observed, but
of course, reversed. In the vertical displacement the limb is fixed in

extension, the outer edge of the
bone lies in the inter-condyloid

notch, and the inner edge projects

forwards against the skin (Fig. 416).

Cases are recorded where the bone
has been turned quite round, with
the anterior surface against the front

of the femur. The cause of this

complete rotatory displacement is

not clear.

Treatment.—The thigh should

be flexed on the body, and the leg

completely extended to relax the

quadriceps ; when under anaesthesia

the surgeon will usually be able to

press the bone back into position

(Fig. 417). Flexion with pressure

manipulation may also be tried.

After reduction, rest on a splint

and the ice-bag must be adopted.

A strong knee-cap, well padded ex-

ternally, should afterwards be con-

structed and worn, as there is a ten-

dency to recurrence of this dislocation in those with lax ligaments. Re-
markable difficulty has sometimes been experienced in the reduction

of the rotatory vertical dislocation. This is usually declared by authors

to be due to the wedging of the bone into the inter-condyloid notch.

Considering the size of the latter as compared with the edge of the

patella, this explanation seems to me hardly satisfactory. It is far

more likely that the bone lacerates the capsule, and is tightly girt

in its new position by the tough ligamentous fibres of this structure.

In the cases I have seen, no difficulty was experienced in reduction,

by very complete extension of the leg, and forcible pressure upon
the prominent edge of the bone, under deep ether anaesthesia.

Supposing, however, the displacement remains irreducible, what
course is to be adopted ? Subcutaneous division of the ligamentum
patellae has not proved very satisfactory the bone has remained
obstinately fixed after this, and more extensive subcutaneous cutting

M

Fig. 416.—Vertical Displacement of the
Patella.
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measures have been vainly adopted. A fairly useful joint results if

the case be left to nature. Bearing this in mind, the surgeon will

do well to leave such a case alone, unless he has complete confi-

dence in his practical knowledge of perfect aseptic surgery. With
elaborate care and precaution, it would be justifiable freely to open
the joint in such a case, and divide those structures which could

thus be certainly felt and seen, preventing reduction. The wound
in the capsule and soft parts over the joint should be accurately

united with scrupulous attention to every detail that may directly

or indirectly promote rapid and perfect union.

Pig. 417._ Reduction of Dislocation of the Patella by relaxing the Quadriceps and direct

Pressure.

Dislocation of the fibula from the tibia. Causation and
classification.-—The upper end of the fibula may be displaced from
the tibia forwards, backwards, or upwards. In the latter accident,

which is very exceptional, one case having been recorded by Mai
gaigne, the whole bone is forced upwards, its lower extremity being

also displaced. The usual cause of dislocation forwards or back-

wards is a heavy blow, or crushing violence directly applied to the

head of the bone. Displacement may also be brought about by the

violent action of the biceps. Dislocation of the lower end of the

fibula from the tibia is said to have occurred from direct violence,

and also in some dislocations of the astragalus. In " Dupuytren's

fracture," the lower end of the fibula is torn away from the tibia.

Dislocation of the upper end must not be confounded with (1) undue
[nobility of the head of the bone from laxity of the ligaments, or
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(2) oblique fracture of a portion of the outer tuberosity of the tibia,

the fragment being drawn upwards and backwards, carrying the
fibula with it.

Symptoms.—The leg is partially flexed, and flexion and exten-
sion are much impaired, while severe pain may be felt from pressure

on the popliteal nerve. There is a depression over the normal site

of articulation, and the head of the bone will be felt in its new
position. The tendon of the biceps is excessively prominent.

Treatment.—By flexion of the leg and thigh, and pressure on
the head of the displaced fibula, reduction can usually be effected. It

is difficult to keep the head of the bone in proper position ; should

it remain displaced, some permanent lameness may be apprehended.

The plaster-of-Paris bandage accurately applied, the limb being kept
extended for some six weeks, would seem to be the best treatment.

Afterwards a supporting apparatus must be constructed and worn.

To present the dislocations of the fibula for consideration in a

tabular form— (1) the upper end of the fibula may be dislocated from
the tibia forwards, backwards, or upwards in certain dislocations of

the ankle
; (2) the lower end of the fibula may be displaced from the

tibia in dislocations of the astragalus or ankle. It is also torn away
from the tibia in " Dupuytren's fracture." Direct backward dis-

placement of the lower end of the fibula has been related.

Dislocations Of the knee-joint. Causation and classi-
fication.—The tibia is not displaced from the femur, except by
extreme violence, since the ligaments are powerful, and the articular

surfaces broad. Dislocations of the knee are found, therefore, in

such accidents as those caused by powerful machinery, with violent

wrenchings and twistings of the lower limb. Dislocations of this joint

may be congenital, and are found in various diseases of the articu-

lation, especially in severe cases of locomotor ataxy (Charcot's joint).

The tibia may be thrown outwards, inwards, backwards, or forwards.

The lateral dislocations are generally incomplete, the antero-posterior

complete. The tibia is often also a little rotated on its longitudinal

axis, and the head of the bone may be displaced forwards and out-

wards, or backwards and inwards, displacements compounded of the

four first-named dislocations.

These dislocations may be thus tabulated in order of frequency :

—(1) Outwards, inwards, usually partial
; (2) forwards, backwards,

usually complete
; (3) oblique partial displacements, as forwards

and outwards, or backwards and inwards.

Condition of the soft parts.—In the complete dislocations

forwards or backwards, the capsule, lateral, and crucial ligaments

are extensively lacerated. The hamstring muscles may be torn

across, the popliteal vessels and nerves pressed upon or even

ruptured. Gangrene of the foot and leg has consequently followed

severe antero-posterior dislocations of the knee. In the side dis-

placements the lateral ligaments are torn to a variable degree. The
more complete the displacement, the more extensive the laceration of

the ligaments, and also of the muscles and tendons about the joint.
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Fig. 418.—Appearance of Knee
in Dislocation backwards.
(After Pick.)

Symptoms.—Great variety of position as regards flexion or ex-

tension of the leg has been observed. The complete antero-posterior

displacements are frequently compound,
and the bones of the leg being drawn up
wards, considerable shortening is to be
found. In dislocation backwards the head
of the tibia makes a prominence in the

popliteal space, resting against the back of

the femoral condyles, while the condyles of

the femur and the anterior surface of the

patella resting upon them can plainly be
seen and felt (Fig. 418). In the complete

displacement forwards the conditions are

reversed, the prominence in the popliteal

region being caused by the lower end of the

femur, that in front by the head and ar-

ticular surfaces of the tibia (Fig. 419).

In the lateral displacements the prominence
of the upper tuberosities of the tibia and
head of the fibula to one or the other side,

and the corresponding depression opposite,

with the condyle of the femur projecting,

are sufficiently obvious signs. There is

no difficulty about the diagnosis of these &,

accidents, the nature of them being usually

obvious at a glance. Separation of the |
lower epiphysis of the femur with dis- |
placement backwards has been mistaken l,

for a dislocation. In such an injury the

patient will be under twenty years of age,

and the movements of the condyles with

the tibia should guide the surgeon to a

correct diagnosis. Careful comparative

measurements should also be made be-

tween the condyles and the head of the

tibia on either side.

Treatment.—By flexion of the leg

and rotation, combined with traction in

the flexed position and counter-extension

from the thigh, these displacements may
be reduced. In the complete dislocations

powerful extension is often needful,

counter-extension being made on the

thigh. Afterwards careful splinting should

be applied, and the ice-bag may be em-

ployed, but with caution. A strict watch
should be kept on the toes and foot, should any injury to the

vessels have occurred. The plaster-of-Paris dressing should soon

be applied, and the part kept immovable for at least six weeks,

Fig. 419. — Dislocation of the Knee
forwards.
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when a leather splint may be substituted, and passive motion
cautiously commenced. The patient must be warned that after

so severe an accident, weakness and insecurity of the joint must
long exist, with persistent oedema of the foot and leg, and a tendency
to congestion and eczema of the skin. Dislocations of the knee are

often compound ; the accident is a most grave one, and if combined
with laceration of the vessels, demands amputation.

Sub-luxation of the knee, internal derangement of the
knee, dislocation of the semi-lunar cartilage.—Under this

heading is described a peculiar condition of the knee-joint, which
almost invariably is associated with a wrench, sprain, or other injury,

and which is characterised by a sudden sensation of the joint being
" put out," some fixation and impediment to the movements of the
limb, more or less pain, and lastly by the functions of the articula-

tion being suddenly and perfectly restored by an appropriate

manipulation.

Causation aai«l pathology.—The accident is usually pro
duced by a twist to the leg, when the knee-joint is flexed and the

tibia is fixed, the body and femur being suddenly rotated on the

tibia. Thus the injury is experienced in swinging the body to make
a stroke at " golf," or in the rotation which occurs in stepping out of

a dogcart (Treves). On the other hand, violent rotation of the

tibia when the femur is fixed, may produce displacements, though
less commonly. In flexion and extension the cartilages move with
the tibia. In rotation one or other cartilage is fixed, and the

tibia rotates beneath them. In practice the internal cartilage will

be found to be most generally displaced. This occurs in violent

external rotation, principally performed by the biceps. During
this movement the external cartilage is gripped firmly between
the tibia and external condyle. The gap between the internal

condyle and the tibia is, however, increased, and the movable
internal cartilage is apt to slip between the internal condyle and the

inner tuberosity of the tibia. During internal rotation the internal

cartilage is firmly held between the bones. This movement is princi-

pally performed by the popliteus. The gap between the external

condyle and external tuberosity of the tibia is now increased, but the

external cartilage is smaller than the internal, is rounder and more
movable, and is thus less likely to get nipped between the bones

(Scott Lang).

Some authors take exactly the opposite view, and Godlee has

argued from anatomical considerations that the external cartilage is

more frequently displaced. Clinical experience points, however,

undoubtedly to the greater frequency of the displacement of the

internal cartilage, and practically this may be considered to be the

cartilage nearly always at fault.

Marginal displacements of the cartilage are far the more common,
but vertical displacements are not unknown (Fig. 420). In reference

to this subject, it maybe pointed out (1) that portions of the internal

cartilage may be partially detached by violence, (2) that pre-existing
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inflammatory outgrowths found in chronic arthritis may also be

detached, and (3) that these conditions may closely simulate in their

symptoms a true displacement of the main body of the cartilage.

Symptoms.—After a sudden external twist of the knee, as in

alighting from a vehicle, or turning rapidly while playing football, a

sudden severe pain is felt in the joint, followed shortly by some

effusion. This limb is usually held in the slightly flexed position, and

complete flexion and extension cannot be performed. The patient

can walk, but he keeps the knee slightly flexed and stiff, and is con-

scious that " all is not right
"

with the articulation. Passive

flexion and extension can be

performed, but not to the full

degree. There are great differ-

ences in these cases in the

severity of the symptoms com-

plained of. A projection may
be felt on the inner side of

the joint, and pain is usually

experienced here on pressure.

In the case of vertical dis-

placements, a depression may
be detected. The reader will

see that the group of symp-

toms above related closely

simulate those of " loose carti-

lage " within the knee-joint,

especially when a pre-existing

inflammatory, pedunculated

outgrowth is detached by a

wrench or twist. Lateral

movement of the tibia upon
the femur may be detected

on firmly grasping the leg

and thigh, and making appro-

priate manipulations (Treves).

Treatment.—Should any projection be felt at the inner side

of the joint, the thumb should be firmly pressed upon it, and
the leg flexed. The leg is now brought up suddenly in full ex-

tension, rotating inwards and outwards at the same time. This

process is often agonisingly painful, and full anaesthesia with nitrous

oxide gas is very advantageous. Afterwards, in recent cases, the

joint should be fixed in plaster of Paris for at least five weeks, to

allow the torn or displaced cartilage to unite. An apparatus must
be worn, for three months, or longer, should lateral movement of the

tibia on the femur be obvious on manipulation (Fig. 421).

Recurrence of the symptoms is very frequent from any slight

twist or muscular exertion beyond the common ; and sometimes this

happens so frequently that the affection becomes chronic, and the

Fig. 420.—Vertical Displacement of part of the
External Semi-lunar Cartilage. (After Godlee.)
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patient is incapacitated for the duties of active life. The aid
of a skilled surgical mechanician should be sought in these cases,

and an apparatus should be constructed, designed to support the
knee, and to make direct pressure on the site of displacement.

In case the apparatus fails or is ill-borne, the propriety of an
operation may be considered. This consists in laying open the joint
with all the precautions and in the same manner as is adopted in the
ordinary operation for loose cartilage. The incision should be placed
over the site of the supposed displaced cartilage. All bleeding
vessels, even the smallest, should be clamped or twisted, and the
wound being well held asunder with fine

retractors, the disorganised part of the
articulation is exposed to the eye and
finger. Should a displaced cartilage be
found, it is now brought into its place,

and firmly fixed there by sutures of aseptic

silk, which are passed with a strong curved
needle through the periosteum and fibrous

aponeurosis at the edge of the tibia. Should
a portion only of cartilage be displaced,

having been stripped away ribbon-like

from the main cartilage, it had better be
removed in toto. This operation, performed
with all the elaborate care and attention

to detail which its gravity warrants, has
given excellent results in some otherwise

obstinate cases. The necessity for it, if a
proper apparatus be constructed, is probably
rare. In some instances, perhaps more
frequently than is generally known, the

knee-joint has been opened, and no definite

pathological lesion found. In a minority,

disastrous results, as suppuration and fibrous

anchylosis, in faulty positions, have oc-

curred, so that no one should undertake this

proceeding without careful consideration of all the circumstances of

the case, and a full confidence in his own powers of producing and
maintaining perfect asepticity. The uniting of the wound, including

the synovial membrane, and the general after-treatment, are in all

respects those with which we are familiar in the operative treatment

of " loose cartilage " in the knee, and will not here be alluded to.

Dislocations of the ankle-joint proper. Causation and
classification.—These injuries, like most others about the foot, are

caused by violent wrenches and twists, as when a heavy . man
" misses a step " in the dark, or jumps out of a vehicle in rapid

motion. The antero-posterior displacements are usually caused by
some sudden fixation of the foot when the body is in rapid motion.

Thus, a man running may suddenly put his foot in a hole, and the

weight and impetus of the body will force the tibia forwards on the

g. 421.- Ernst's
for Displaced
Cartilage.
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scaphoid, and thus produce a dislocation of the foot backwards.
Again, a person jumping from a great height, and alighting on
the front of the foot, may readily suffer from a dislocation back-

wards. In exceptional instances these displacements are produced
by direct violence, and the rare dislocation of the foot forwards
has been described as occurring from the effects of a heavy blow
on the front of the tibia, driving that bone backwards on to

the upper surface of the os calcis. All dislocations of the ankle may
be complete or incomplete, but the incomplete are far more common.
A tabular view of dislocations of the ankle in order offrequency
and importance would be as follows :—Outwards, inwards, back-

wards, forwards, and upwards between the tibia and fibula. The
ankle is also displaced in the upward direction in Dupuytren's frac-

ture, when the foot and astragalus, still connected with the lower

fragment of the broken fibula, are forced upwards along the outer

side of the tibia. In the lateral displacements fracture almost in-

variably co-exists.

L.atea-ai dislocations of the ankle, outwards or in-
wards. Morbid anatomy.—These displacements are almost always

combined with fracture of the malleoli, the lateral ligaments being of

great strength. The astragalus is also usually rotated on its antero-

posterior axis, so that its lateral articular surfaces look obliquely

upwards. It is exceptional for the astragalus and foot to be displaced

horizontally outwards or inwards
;
yet such dislocations occur, and the

broken malleolus is usually displaced outwards or inwards with the

foot. In the complete horizontal displacement of the foot outwards,

the foot and lower fragment of the fibula may be drawn upwards
along the outer side of the tibia until arrested by the lower end of the

upper fragment of the fibula. This is termed Dupuytren's fracture.

The common outward lateral displacement is incomplete. The
fibula is broken about four inches from the tip of the outer mal-

leolus ; the tip of the internal malleolus is torn off by the powerful

deltoid ligament, and the astragalus and foot are rotated so that the

outer articular facet of the astragalus looks obliquely upwards and
outwards (Pott's fracture). (See page 868.) In the incomplete

dislocation inwards, the external malleolus is broken off, or the

external lateral ligament ruptured. The inner malleolus may remain
intact or be separated obliquely from the tibia, and the astragalus

is rotated so that its inner articular surface, carrying with it the

inner malleolus, looks upwards and inwards. Lateral dislocations,

especially outwards, are frequently compound. The complete out-

ward or inward horizontal lateral displacements are exceedingly rare,

and can hardly occur without fracture of the malleoli.

Symptoms.—In the dislocation outwards the foot is markedly
everted by the peronei, its outer border looking upwards. The sharp

broken edge of the inner malleolus is readily seen and felt at first, but

soon becomes obscured by a fluctuating collection of blood. A depres-

sion about four inches up the outer side of the leg marks the site of

the broken fibula. In the lateral dislocation inwards these symptoms
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are reversed. The outer malleolus is prominent, the inner buried,

or frequently broken off. The foot is markedly inverted. In both
these injuries there is an appearance of distortion, and widening
about the front of the joint. Should a surgeon be called to see such
a rare accident as a complete horizontal lateral dislocation, he would
expect to find the following symptoms : The displacement will

probably be in the outward direction. There will be striking

deformity caused by the great widening of the parts. The lower

end of the tibia and inner malleolus will be seen and felt internally,

on the point of bursting through the skin. The everted foot and
fractured external malleolus will be drawn upwards along the outer

side of the leg. In connection with the preceding paragraphs, the

article on fractures about the ankle may well be studied. In actual

practice, fracture is usually combined with dislocations of the ankle.

Anteroposterior dislocations of the ankle.—Owing to

the fact that the interval between the malleoli is greater in front

than behind, and that the astragalus is a little narrower anteriorly,

one would expect that dislocation forwards would be the more
common of the antero-posterior displacements. Dislocation back-

wards is, as a matter of fact, the more frequent of these two very

exceptional accidents, and this is due to such a cause as alighting

on the front of the foot in jumping
from a height, or from a vehicle in

rapid transit. The dislocation back-

wards is of various degrees of com-

pleteness. Usually the tibia is forced

forwards on the upper surface of the

neck of the astragalus, impinging

upon or overhanging the scaphoid

bone (Fig. 422). The lateral liga-

ments are torn, more often the

malleoli are fractured, and carried

back wards
with the foot

and astraga-

lus. The foot

is pointed
downwards,
and greatly

shortened, the

prominence of

the heel be-

ll i n d is

markedly increased, and the tight tendo Achillis is concave back-

wards. Anteriorly, the transverse projection and marked ridge

of the lower end of the tibia, with the skin, are thrown into folds

beneath it. In the very rare dislocation forwards the foot is

considerably elongated. The tendo Achillis is slackened ai^d

carried forwards and in front of it are the hard prominent lower

Fig. 422. -Dislocation of the Foot backwards.



1020 DISLOCATIONS.

ends of the tibia and fibula. Should the malleoli and lower end
of the tibia move with the displaced foot, the case will be one of

fracture or displacement forwards of the lower epiphyses of the

tibia and fibula. This latter accident has been confounded with
true dislocation, which at sight it much resembles.

Dislocation of the ankle upwards.—It has been pointed

out that one variety of dislocation upwards is that described as

Dupuytren's fracture, namely, when a complete outward hori-

zontal displacement of the foot and lower end of a broken
fibula are drawn upwards by the leg muscles. Occasionally it

happens, however, that the strong ligaments uniting the tibia and
fibula are ruptured, and the astragalus and foot pass directly upwards,

Fig. 423.—Manipulations for Dislocations of the Ankle.

separating the bones, and being jammed tightly between them. As
might be expected, the enormous strength of these ligaments renders

this an excessively rare accident. Fracture of the malleoli may
complicate it. Should the reader meet with an instance of disloca-

tion of the astragalus and foot upwards between the tibia and
fibula, he would recognise it by the extraordinary widening of the

joint, and the displacement outwards and inwards of the lower ends

of the fibula and tibia, which are ready to burst through the skin on
either side, and are also approximated to the sole of the foot, so that

if the patient were to walk, the malleoli would touch the ground.

The foot is quite immovable, being wedged between the leg bones,

and this seems to have been a very marked sign in the recorded

cases.

Treatment of dislocations of the ankle.—The leg should

be well bent upon the thigh, and the thigh on the abdomen, and
counter-extension should be made on the thigh by the hands of an
assistant, or a strong towel fastened behind the patient. The surgeon
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then seizes the foot and heel, and makes extension, inverting or

everting the foot at the same time, as occasion requires (Fig. 423).

The flexion of the leg relaxes the powerful calf muscles, and it is most
important that this position be carefully observed. Anaesthesia is

generally advisable, and the parts are wont to return into position

gradually, and not with a distinct snap. The tendo Achillis may be
subcutaneously divided in cases of great obstinacy, but this should be
avoided if possible. In the dislocation of the foot backwards the

surgeon should draw the front of the foot forwards and upwards, while

he presses the tibia backwards with the other hand. The leg will

then, of course, be thus acutely flexed on the thigh. Great difficulty

has been experienced by those surgeons who have had the rare

opportunity of treating a dislocation of the foot forwards. The tendo
Achillis seems usually to prevent sufficient extension from being
exerted to slip the astragalus backwards. The mode of reduction

then is to divide this tendon if needful, and make powerful extension

from the foot and heel, and when the foot is disengaged, press it

backwards. In the dislocation upwards by separation, reduction

has also been found impossible, but a useful limb has ultimately

resulted. It is questionable in modern days if this dislocation

should be left unreduced. An aseptic excision of the astragalus

would probably leave a better foot. In neglected cases of displace-

ment at the ankle, excision of the astragalus or amputation may
subsequently become needful.

So soon as reduction is effected, the parts should be carefully fixed

in splints while the leg is still in the flexed position, and the greatest

care should be taken that the apparatus is well padded, and that no
undue pressure be exercised, so as to cause the damaged skin to

slough. The limb should be well elevated, and cold spirit lotion

sedulously employed. Enough prominence has hitherto not been
given to the tendency to displacement backwards in many of these

cases, when combined with fracture of the malleoli. This is especially

apt partially to occur in a dislocation backwards, when, as often

happens, a piece of the lower end of the tibia is also broken off.

As the limb lies on a posterior splint, such a displacement is readily

overlooked, and the patient recovers with a disastrous antero-posterior

deformity. This backward displacement is largely due to the tension

of the tendo Achillis, which structure may need tenotomy; it is best

guarded against by the treatment now to be described.

I have found the plaster-of-Paris dressing applied with scrupulous

care and accuracy better than anything else in the after-treatment

of dislocations about the ankle. Only those who have had practical

experience of these troublesome injuries know the difficulties encoun-

tered in treating them with ordinary splints. So soon as the swelling

and extravasation have subsided—say in about ten days-—the foot

should be held in absolutely correct position by a trustworthy

assistant. He should see that the foot is at right angles to the leg,

and that there is no "dropping" of the heel backwards. An
anaesthetic will often facilitate and ensure accurate position. A fine
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flannel or domette bandage is carried from the toes to the centre of

the leg, and over this the ordinary plaster dressing is firmly,

not tightly, applied with narrow muslin bandages. In ten

minutes the bandage will be "set," and if the assistant has main-
tained the foot in proper position, it will there remain, and healing

will take place of the broken malleoli and ruptured ligaments, under
the most favourable conditions. There is no objection to the appli-

cation of plaster-of-Paris immediately on reduction, if the surgeon

be careful to divide it anteriorly, to allow of swelling. Great care

and caution must be exercised, however, as the swelling is very con-

siderable, and gangrene may readily ensue from undue external

pressure. In six weeks cautious passive motion and massage may
be carried out. In elderly and heavy
people, of the gouty or rheumatic
taint, a dislocation at the ankle,

combined with fracture, will leave

a joint that for many months will

be cedematous and insecure, entail-

ing long, and perhaps permanent,
lameness, and the prognosis of such

injuries should always be very

guarded.

Compound dislocations of
the ankle-joint. — These very
serious injuries are comparatively

common, especially in the lateral

dislocation outwards, where the

sharp edge of the broken inner

malleolus tears through the skin,

and projects several inches, tightly

girt by the blackened integument.

If the soft parts are much crushed,

and especially if the patient be aged, bloated, or intemperate,

and the wounds full of dirt and grit, or such substances as ma-
chinery oil, I would strongly advise primary amputation of the

leg. In some favourable circumstances, especially in the young,

and in healthy country persons, an attempt may be made to save

the foot. From a careful perusal of the recorded cases of this

accident, and from personal notes of five instances of it, I think that

it is always better to remove obliquely the projecting inner fragment
with a fine saw, preserving the periosteum as much as possible. This

affords free drainage, and a counter-opening may be made posteriorly

if needful. In compound dislocations of the ankle, continuous

irrigation with warm water is of striking utility. Great practical

difficulty will be encountered in the proper disinfection of these

complicated wounds, and the surgeon will be prepared to combat
such septic disorders as spreading gangrene, abscess, cellulitis, and
tetanus. As soon as practicable, the plaster-of-Paris dressing, with

an opening cut at the site of injury, is an advantageous application.

Pig. 424.—Partial Dislocation of the Astra-
galus forwards. (After Pick.)
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Dislocations Of the astragalus (Fig. 424). Causation
and classification.— The fact that a bone deeply placed and
strongly fixed, like the astragalus, can be forced out of its bed by
injuries, is a striking instance of the curious results that may follow
extreme and composite violence applied to joints. A typical injury
to cause dislocation of the astragalus would be the entanglement of
the foot in powerful revolving machinery. It may also be brought
about by very extreme and violent extension, in which movement
the head of the astragalus tends to start forwards, and by similar
accidents to those which produce disloca-

tions at the ankle : namely, heavy falls on fe
the extended feet, which are twisted and jit,

;

wrenched severely at the same moment. I

Oblique dislocations forwards are the more |

common, and in order offrequency we may
tabulate dislocations of the astragalus as

, f

follows: (1) Forwards and outwards; (2) i*

forwards and inwards
; (3) directly for-

wards (rare); (4) backwards and outwards -f^&
or inwards

; (5) directly backwards (very '; f
rare). h\ f

In any of these displacements, rotation ^L
of the astragalus on its antero-posterior M •^•^-4

axis may also occur, and cases are related Jf|
where the bone has been turned almost

upside down. A curious displacement is

also described, when the astragalus is ro-

tated transversely across the joint. Such
accidents are exceptional, and their symp-
toms are sufficiently obscure to render accu-

rate diagnosis impossible. The forward ^^^1
displacements are assumed to occur when pig ^.-Comp^und Disioca-

the foot is extended, and the astragalus tion of the Astragalus,

advances forwards from under the tibio-

fibular mortice. The dislocation backwards may take place in like

manner when the foot is flexed forwards upon the leg, and the

rotatory displacements in the horizontal or vertical axis are sup-

posed to occur when the foot is at right angles to the leg. Dis-

location directly outwards and inwards is also described, even

without fracture of the malleoli, though this may well seem im-

possible (Fig. 425). A large number of dislocations of the astra-

galus are compound, the diagnosis being thus quite obvious, and

the bone has even been thrown clean out of the foot, and found

lying on the ground.

The literature of dislocations of the astragalus makes it clear

that confusion has often arisen between this accident and the sub-

astr&galoid dislocation. The main distinction is the position of the

head of the astragalus with regard to the malleoli, which is unaltered

in the sub-astrairaloid dislocation.
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Morbid anatomy*—Dislocations of the astragalus may be
complete or incomplete, and are sometimes combined with fracture

of the malleoli. The neck of the bone may be broken, the head still

retaining its position with the scaphoid (Fig. 426). The lateral,

and strong calcaneo-astragaloid ligaments are more or less extensively

torn, according to the completeness of the dislocation ; and the

tendons, vessels, and nerves are stretched, or even lacerated. The
tendo Achillis and tibials draw up the calcaneum against the tibia

in the complete dislocations, and the posterior tibial tendon may be
partially hitched round the neck of the astragalus. The tension of

these structures form the principal obstacles to reduction. The
astragalo-scaphoid ligaments are always ruptured, unless fracture of

the neck of the bone occurs, which complication is common in the

backward displacement.

Symptoms*—The possible varieties of dislocations of the astra-

galus being so numerous, many pages of the described concomitant
symptoms might easily be compiled from the records of reported

cases.

The following rules for diagnosis will be found useful :

—

(1) In complete and compound dislocations the diagnosis is

usually obvious, the contour and shape of the bone being distinctly

felt or seen.

(2) In incomplete dislocations the position of the head of the

astragalus is the main guide to a correct diagnosis, as its distance

and relation to the malleoli are altered, as compared to the sound
side. The head of the astragalus is always to be detected when
displaced from the scaphoid forwards and outwards, or inwards.

(3) In rotatory displacements pure and simple the diagnosis will

be inferential, and is only to be approximately made by the possibility

of feeling the displaced articular surfaces in deep manipulation under
anaesthetics. This is usually impossible, from the rapid swelling. In
the displacements forwards and outwards, or forwards and inwards,

there is a manifest projection in front of the tibia, the articular end
of the latter bone being sunk behind it, the malleoli nearly reach-

ing the sole. In the dislocation outwards and forwards the foot is

adducted, and the inner malleolus buried, while the head of the astra-

galus and external malleolus project externally. The reverse occurs

in the forward and inward displacement.

(4) In dislocation backwards the displacement is usually oblique,

as backwards and outwards, and the bone may also be twisted on its

antero-posterior or transverse axis. The displaced bone makes a

lumpy prominence above the heel, pushing the tendo Achillis back-

wards (Fig. 428) ; and on one side or the other the contour of the

superior and lateral articulating surfaces of the astragalus can usually

be made out, with the skin stretched tightly over them. The dorsal

surface of the foot is shortened, and the tibia thrown forwards.

(5) The lateral dislocations of the astragalus are really usually

exaggerated instances of the forward and lateral displacements.

True horizontal complete displacements are, however, found. They



DISLOCATIONS OF THE ASTRAGALUS. 1025

are usually compound, and combined with fracture of the malleoli

;

and I am not disposed to believe that complete displacement

laterally of this bone can occur without fracture. The hollow on
the one side of the foot, and the marked projection of the displaced

bone on the other, will make the diagnosis clear, even though the

injury is not compound.

(6) In all displacements of the astragalus the movements of the

ankle are abolished, and much extravasation of blood occurs, with

the most severe inflammation and consecutive swelling, so that unless

Fig. 420.—Dislocation of the Astragalus backwards, with, fracture of the Neck. The head of
the bone remaining in situ. (St. Thomas's Hospital Museum.)

the case is seen promptly it may be quite impossible to make out
the exact nature of the injury.

Treatment.-—Reduction should be attempted by well bending
the knee, making counter-extension from the thigh, and drawing upon
the foot by the heel and toes, while an assistant makes direct pressure

upon the displaced bone. The foot may, at the same time, be firmly

abducted or adducted. Tenotomy of the tendo Achillis and poste-

rior tibial tendon is a valuable aid, and should be performed in

obstinate cases.

Recent incomplete dislocations will usually be reduced by these

means. In complete displacements such efforts will probably fail.

What next is to be done 1 It is impossible to lay down definite

rules for all varieties of these very variable accidents. It may here
be observed that in unreduced dislocations backwards more recoveries

H H
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with useful limbs have been i*ecorded than in any other. The follow-

ing rules are of general application only, and the results of modern
aseptic surgery may serve as an apology for differing from such

authorities as Broca, Morris, and Bryant :

—

(1) In all complete compound dislocations of the astragalus

excise the displaced bone at once, if reduction is impossible.

(2) In all irreducible complete simple dislocations excise the

bone, as the injury generally becomes secondarily compound, with

sloughing, fever, and severe constitutional disturbance.

(3) In backward irreducible dislocations or rotatory displace-

ments, with abolition of the functions of the ankle joint, excise the

bone in the young and healthy ; leave it alone in the aged, diseased,

or intemperate.

When performing excision of the astragalus in these cases, it is

the greatest error to gouge out the bone piecemeal through a small

opening, as is too usually the practice. Bearing in mind the extreme

violence that has been at work, and the probable extensive laceration

of tissues, a free anterior incision should be made, the whole bone
removed, and no fragments of it left to necrose and cause irritation.

Effused blood should be Hushed away with the hot douche, and
fragments of torn ligaments, muscles, and tendons trimmed with

a sharp scissors. All cut tendons should be united by catgut, and
most free and efficient drainage provided in a dependent position.

In the dislocation backwards an appropriate incision should be made
posteriorly, if the bone is to be removed. The foot after excision of

the astragalus is surprisingly useful ; and the above practice, if

carefully carried out, will give good results.

After-treatment of reduced dislocations of the astragalus.—The
foot should be kept at right angles on a well-padded splint, and
spirit lotion constantly applied. The ice-bag should be used with

caution, as the integrity of the skin is probably already severely

tried. So soon as reduction of swelling will allow, the plaster dress-

ing should always be employed, and in about six weeks passive

motion may be commenced.

Subastragaloid dislocation of the foot. c»Msati©»i ami
classification.—The confusion that has arisen between this dis-

placement and dislocation of the astragalus renders their compara-

tive frequency difficult to compute accurately. I would venture

to question the statement usually laid down as to the great rarity

of subastragaloid dislocations of the foot, and believe that these

accidents are at least as common as dislocations of the astragalus

pure and simple. The distinction is obvious and important. In
subastragaloid dislocation the astragalus remains fixed in its box, the

head of the bone maintaining its proper relation to the malleoli

(Fig. 427). This dislocation is caused by the same class of injuries as

before mentioned, and it seems a matter of trial of strength between

groups of ligaments, as to whether the astragalus shall be thrown out

of the ankle, or the os calcis displaced from under the astragalus.

In order offrequency, these displacements may be (1) outwards or
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inwards, and at the same time backwards
; (2) directly backwards

;

and lastly, (3) forwards, which is very rare. Subastragaloid dis-

locations are generally incomplete, and most commonly oblique.
The direct displacement backwards is less frequent than dislocation
backwards and outwards, or backwards and inwards.

MorMd anatomy.—In described cases the astragalo-scaphoid
ligament has been found ruptured, and the lateral ligaments of the
ankle also, to a variable extent. The interosseous ligament need not
be entirely torn except in the complete displacements. The neck of
the astragalus or one of the malleoli may be fractured. Blood-
vessels, tendons, and nerves may be torn. The tendo Achillis is

tense, drawing the calcaneum forcibly upwards, and one or other
of the tibial tendons have been found tightly hitched against the
neck of the astragalus. The ten-

sion of the tibial tendons, with
tough ligamentous fibres, torn

and wrapped about the bones, is

a powerful obstacle to reduction.

The head of the astragalus may
lie on the scaphoid, and project

outwards or inwards; and the

posterior border is often found
tightly wedged in the groove be-

tween the articular facets of the

calcaneum. In complete cases of

displacement backwards, the head
of the astragalus may rest on the

cuneiform bones.

Symptoms.— The literature

of this dislocation makes it clear

that various authors describe

different dislocations under the

same name ; and the reader will do well, in perusing the following

remarks, to remember especially that the astragalus retains its usual

position to the bones of the leg, that there is a certain amount of

movement in the ankle, and that any projection of the head of the

astragalus is not due to a displacement of that bone, but to the rest

of the foot from it.

Taking the symptoms of the oblique dislocation backivards and
outivards, the foot will appear shortened dorsally, and the heel

lengthened, while the tendo Achillis is pushed backwards. The
foot is a little extended. The rounded prominence of the head of

the astragalus will lie on the scaphoid or cuneiform bones, and
project internally. The inner malleolus is also prominent, and
reaches the sole. The foot is everted, so that its outer border
looks upwards, and the external malleolus is buried, the appearance
being that of extreme talipes valgus.

In the displacement inwards and backwards the head of the

astragalus projects externally, and the foot is inverted, the external

H h 2

Fig. 427.—Subastragaloid Dislocation of the
Foot backwards. (After Pick.)
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malleolus projecting nearly to the sole, and the inner being buried

(Fig. 428). The position of the head of the astragalus maybe looked

upon as the key to the direction of these displacements. The more
the foot is thrown directly backwards, the greater the elongation of

the heel, and the more advanced the prominence of the astragalus

dorsally. The tuberosity of the scaphoid will always be altered in

position with regard to the head of the astragalus.

The forward subastragaloid dislocation is excessively rare, and
the scope and aim of this article prevents further discussion of it.

.^ ^ „ The malleoli are not so often fractured

in this dislocation ; but it may be com-
pound, and when produced by ma-

'<}?,;,',, chinery accidents is associated with

Vv\ ;W^»> much laceration and contusion of the

W Ilk so^ Pai*ts.m ,.--—
;

Treatment (Fig. 429).—Flexion of

ljm% { -'"IP ^ie ^eS and counter-extension from the
'

'

:

V- "---J ---:
:/

_...^j thigh should be, as usual, effected. In
those dislocations which have a back-

ward direction, the operator may press

the tibia backwards, and draw the front

of the foot upwards and forwards, in-

verting or everting at the same time,

according to the displacement; or the

front of the foot may be powerfully

drawn upon by a bandage, and the hand
of the operator left free to manipulate
and press upon the displaced calcaneum.

Should great difficulty be experienced,

the tendo Achillis and posterior tibial

tendons will need division, after which

reduction will generally be effected.

In compound subastragaloid disloca-

tions it is advisable to remove the

Fig. 428.-Sui3astragaioid Disloca- astragalus if it should be fractured, or
of the Foot inwards. if the soft parts are much injured, or

there be difficulty in reduction. In the

irreducible simple dislocations it has been generally advised that

things should be left alone. The risk of sloughing of the skin

over the prominent head of the astragalus seems very great, and
the practice of modern surgery would tend towards excision of the

astragalus or amputation, rather than leaving a painful distorted

foot, which may entail serious permanent lameness. The subastra-

galoid amputation by a racket-shaped incision would be applicable

to old irreducible subastragaloid dislocations, with distortion of

the foot.

Dislocation at the medio-tarsal joint.—In the dislocation

we are now considering, the astragalus and os calcis maintain their

relation to each other, and to the ankle joint, the movements of



DISLOCATIONS OF THE TARSUS. 1029

which are free and unimpeded. The rest of the foot is displaced
from its connection with these two bones. The displacements may
be lateral or antero-posterior, and the diagnosis is made by
observing the clubbed appearance of the foot, the projections of
the displaced bones, and the position of the lesion. Reduction is to
be effected by flexion of the leg, and extension of the front of the
foot, with rotatory movements.

Displacements of individual tarsal bones or of the
metatarsus Or phalanges. — Dislocation of the os calcis

alone is a rare accident, fracture being far more common. The

Fig. 429.—Pressing the Tibia backwards and pulling upon the Foot, in subastragaloid Disloca-
tion backwards.

probable symptoms will be a prominence of the bone laterally

with a hollow on the opposite side, while the astragalus main-
tains its proper relation to the scaphoid. Any of the other

tarsal bones may be completely or partially displaced by
crushes or wrenches. The displacement is generally dorsal.

Fracture is likewise found, and the displacements are often com-
pound. The symptoms are plain from the position and rela-

tions of the displaced bone. In compound injuries, and if reduc-

tion be impossible in complete dislocations, resection should be
practised.

Any of the metatarsal bones, collectively or singly, may be dis-

placed from the tarsus forwards, backwards, or laterally. The
shortening and projections will indicate the nature of the injury.

The internal cuneiform, with the metatarsal bones, may be dis-

located (R. Smith).
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The displacements of the phalanges resemble those of the upper
extremity. The same difficulty has been found in the reduction

of the first phalanx of the great toe as is encountered in the

thumb. There is great practical difficulty in making extension

upon a single metatarsal bone or toe phalanx, and I am inclined

to think that the open method, by re-section, or the division of

opposing ligaments, would be applicable to obstinate and incon-

venient cases of these displacements.
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In studying the diseases of joints, it is necessary here to assume
that their general anatomy is fully understood, and need not

therefore be further alluded to. The details of the histology of the

several tissues of the articulations must also be left untouched.

But it must not be forgotten that their minuter structure has

the most important bearing upon the pathological changes affecting

the various component parts of the articulations. The synovial

membrane, bones, cartilage, and ligaments behave quite differently

towards the same morbid influence, whether it be traumatic,

directly infective, or generally constitutional. This is only what
might be expected when we consider that the synovial membrane is

physiologically very active, the bones on the immediate aspect

of joints are less so, while the cartilages and ligaments play an
almost completely passive part in the economy. For it appears

abundantly clear, from what we observe in all parts of the body, that

where physiological activity is greatest there is to be seen the

greatest vulnerability to disease of an active type. This rule is also

observed to hold good in the age of tissues—those which are youngest,

or, in other words, most energetic in growth, being most liable to

active disease, while those which are more mature, or more highly

differentiated, have the greatest power of resistance to morbid
influences. We see, therefore, that, ceteris paribus, children are more
liable to disease of the joints than adults, just as those tissues of

joints are more vulnerable which possess the least highly differentiated

structure. This law appears to be related in some way to the

vascularity of the tissues, those being most liable to active disease in

which the amount of blood is greatest, and vice versa,.

It is necessary to keep these points in mind, both on pathological

and clinical grounds.

The actual consideration of the diseases affecting the joints of the

body naturally divides itself into :

—

(1) The study of the general pathology, symptoms, diagnosis,

treatment, and prognosis of those morbid conditions met with
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among the structures which enter into the formation of ail the
articulations.

(2) Their special clinical features as seen in particular joints,

together with their diagnosis, symptoms, treatment, and prognosis
as local affections.

GENEKAL PATHOLOGY OF JOINT DISEASES.

Classification.—The morbid changes found here are, in the
vast majority of cases, but the expression of one or other form of

local inflammation.
But there are, besides, several diseased conditions due to general

degenerative changes, either in the tissues of the joints themselves,

or of more remote parts of the system, such as the nervous centres

and vascular system.

Finally, the tissues of joints are occasionally the seat of neoplasms
in the usual acceptation of the term.

Besides these morbid changes there are, of course, others the
direct result of violence, such as dislocations, lacerations, gunshot
wounds, and the like, but these are treated of in the article on
Injuries op Joints, and will only be alluded to here so far as they
give rise to the remote effects coming more naturally under the

name of disease.

We have then before us three great groups of joint diseases

—

(a) the inflammatory; (b) the degenerative; (c) the neoplastic.

But, though practically convenient for the present, such a
classification will probably require modification in the future, at all

events as regards the diseases included in each group. For it is

open to question under which of these headings some of the

commonest joint affections ought to be placed, which have hitherto

had their definite positions assigned to them. For instance, tuber-

culous disease has hitherto been placed among the inflammatory
affections, but it might just as well be included among the neoplasms,

to which it bears in many respects a very close resemblance, and
there would be some practical advantages from such a nomenclature.

And if it be proved, as appears likely to be the case before long,

that what we now call new growths are masses of hyperplastic or

heteroplastic tissue, produced under the irritation of living parasites,

just as so-called tubercles are, and in the same way, the distinction

between neoplasms and inflammatory products will be hard to draw.

Adopting, however, this classification for the present, we may
proceed to consider the inflammatory affections of joints, first as

they affect the synovial membrane, and then the ligaments, carti-

lages, and bones.

This anatomical arrangement is necessary, inasmuch as the

various morbid processes behave, as has been already said, in a

somewhat different manner in each of the different structures

which enter into the formation of joints.

Taking all the primary affections of joints as a whole, it may be
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safely asserted that the synovial membrane is by far the most
frequently diseased, the bones next, and the ligaments next, while
the cartilages are very rarely the seat of primary change. This
comparative liability to disease appears to depend upon the
physiological activity of each structure, those tissues being most
open to disease which are most active in their cell life, while those

in which the latter is sluggish seem to enjoy comparative immunity,
whether from acute inflammatory change or from heteroplastic new-

growths. This was pointed out as an axiom in pathology long ago
by Yirchow, and is a most important fact to bear in mind.

SIMPLE SYNOVITIS DUE TO CAUSES OPERATING
FROM WITHOUT.

Inflammation of the synovial membrane, which is the first

morbid process to be considered under our scheme, is a very common
affection. It may be either primary, or secondary, either to other

local primary disease, or to general conditions. It may, besides, be
either acute, subacute, or chronic.

1. Simple primary acute synovitis. Pathology.—This
affection as commonly met with is usually the result of over-use,

injury, or cold, and in its simplest forms is best studied in relation

to either of these exciting causes.

When a joint is violently overstrained or contused, or when it

has been long exposed to cold and damp combined, the effect is

usually to cause hyperemia of the synovial membrane. This may
vary from a transient flush to the most intense active congestion.

The cause, pathologically expressed, is to be found in a more or less

complete vasomotor paralysis affecting the smaller vessels of the

synovial membrane. All the usual consequences of this acute

congestion are soon seen in the form of increased heat, redness,

tenderness, pain, and swelling. The increased heat is easily

explained by the greater quantity of blood passing through the

parts around than in the normal state. The redness is due to the

same cause, as is also the hyperesthesia. The swelling of the joint,

on the other hand, is not only due to the increase in amount of

blood in the vessels of the part, but also, in acute cases, to the

exudation of serum from its vessels producing oedema, and also to

hyper-secretion of synovium from the congested lining of the joint,

or effusion of synovium.

Such a joint, if laid open, would exhibit the following changes :

—

The lining membrane would be somewhat swollen, deeply injected,

its colour varying from light pink to deep purple, contrasting with

the pearly-white, pale cartilage. It might also be thrown into folds

if much swollen. At the same time, the capsule and parts around

would also be found to be very vascular, and deeper in colour than

normal. The synovial fluid in the joint in such cases is, as already

remarked, increased in amount, and may be otherwise normal or

thinned by the admixture of effused serum, or turbid from the

H H *
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presence of leucocytes and lymph. The latter condition, however,
is rarely seen in simple cases. There is no sharp boundary line

between each of these conditions, they run one into the other insen-

sibly, according to the intensity of the hypenemia.
The symptoms in such a simple acute case will be, sub-

jectively, pain on movement or handling, a sense of heat in the joint,

and perhaps some throbbing, with, in some cases, a little general

pyrexia. Objectively, there will be general swelling, fluctuation of

fluid in the cavity, also redness and altered position, due to the ne-

cessity of relaxing certain parts of the inflamed and tender capsule.

The fluctuation in these cases will always be best seen on those

aspects of the joint at which the capsule is thinnest. Thus, in the

knee it will be observed on either side of the joint in front, and in

the elbow on either side behind.

In this state, if uncomplicated, the pressure of the cartilages one
against the other will cause no pain, but any friction of the synovial

membrane upon subjacent parts is acutely painful. This is a very

important fact to bear in mind when endeavouring to determine

whether the encrusting cartilages are involved or not.

The diagnosis, except for the last point, is not difficult, and is

based upon the foregoing factors.

The rapid onset of the swelling in the joint after the operation of

one or other of the exciting causes mentioned above distinguishes it

from any of the malignant tumours, as would also in most cases the

early increased heat, redness, and tenderness to the touch. The latter

symptoms also serve to contrast it with the subacute and chronicforms
of synovitis. It is, perhaps, more likely to be confounded "with

hremarthrus or effusion of blood into the joint than with anything

else where there has been a history of injury as the exciting cause.

But in hcemarthrus the pouches of the joint are distended with

blood within an hour or so of the receipt of the injury, while even

the most acute simple synovitis from violence does not follow the

latter for some hours, and its effusion is much slower. When blood

is present in the joint, too, the heat, redness, and swelling are not so

marked as in acute synovitis. And; moreover, after it has under-

gone coagulation the clot will give the usual tearing crepitation on
palpation, which is characteristic, while in synovitis the fluctuation

is soft or elastic alone. In many cases, too, of heemarthrus the tint

of the skin round the joint helps a differential diagnosis. To the

eye at a little distance it is slightly darkened in hue by the under-

lying mass of blood, while otherwise normal. Of course, if any
doubt still existed after consideration of all these points, the in-

troduction of a steribsed aspirator needle would at once clear up
the difficulty. This needle should be large enough to withdraw

some of the clot if coagulation has taken place, otherwise the

mistake of supposing there is no fluid in the joint may be made.

The general treatment of such a condition is based upon
ordinary principles, and is for the most part simple. In the first

place comes, as a matter of course, rest for the affected tissue specially,
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and for the system generally, so that all vascular excitement may be
avoided. We may also do a good deal constitutionally by the use
of saline purges, with a little antimony in sthenic cases to relieve

vascular tension, and remove effete products from the blood, which
might lower the vitality of the tissues and render them more vulner-
able to morbid influences. In asthenic cases, on the other hand,
we must be cautious with purgatives, and must remember that tonics

and stimulants are indicated, and that where there is much pain,

preventing sleep and interfering with the appetite, anodynes and
sedatives are given with advantage.

The local treatment comes next in the form of blood-letting,

either by means of leeches to the part, or wet cupping where the

patient is strong enough to bear the loss of blood. Then, or in place

of these measures, the application of cold by means of the ice-bag or

evaporating lotions is of the greatest service. Where these means
fail to check the inflammatory process, and the latter is running
high, hot fomentations, with or without belladonna, will be found
of the greatest use. In many cases, too, where there is much
tension from effusion, aspiration of the joint with a sterilised

hollow needle is the readiest way of giving relief. And this

should be done before the capsule and ligaments have been over-

stretched, and the synovial membrane permanently altered. Care-

fully performed, this operation can do no harm, and may save much
time to the patient and loss of function to the joint.

Prognosis.—Simple cases treated on one or other of these lines

usually do well, and the prognosis is favourable. The active con-

gestion becomes less and less, and with it the effusion of serum into

the parts around, and the hyper-secretion of serum. With the dis-

appearance of this swelling and tension all pain ceases, and local and
general fever subside. As a rule, the effused fluid is soon absorbed,

and a complete restitutio ad integrum takes place. In a few cases,

however, in debilitated individuals absorption is slow, especially from
the joint cavity, and the capsule may be much weakened by the dis-

tension if prolonged. This condition—known as hydrops articuli—
is, however, more likely to follow the subacute and chronic affections

than the acute, and particularly among those who have been living

under defective hygienic conditions, and whose blood may conse-

quently contain organised impurities. If it resist the treatment

indicated above, and the tension threatens permanently to stretch

and weaken the capsule, it may be well to drain off the fluid from
the joint by aspiration, every care in the direction of asepsis being

taken. If there be any suspicion of the inflammation of the cavity

being kept up by more or less septic matter derived from the blood,

it may be well to supplement this aspiration by washing out the joint

with some non-irritating antiseptic fluid, such as boric lotion, or even

sterilised water, or the part may be opened by lateral incisions, and
drained for a time with benefit. This, if carefully done, is usually

followed by complete restoration of function. But where the

measure has been too long delaved the synovial membra-ne has often

h H* 2
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become thickened and shrunken, and lias lost its elasticity and
smooth surface, and the subsequent movements of the articulation

are impaired. It is well, therefore, not to delay aspiration or

incision too long. Much of this stiffness may be removed after all

inflammation has subsided by regular massage and slightly-forced

passive movements. Active movement, too, should not be put off

too long, but should be gently and cautiously employed.

It is very rare for such a simple attack of acute synovitis, due to

injury, cold, or wet, to terminate in actual suppuration, but it is

possible in individuals who are in bad health, or who have been

living under vicious hygienic conditions. In this case there is

probably a septic element in operation, the local injury only

determining the spot at which this septic matter in the blood shall

find a suitable soil for its development. If such suppuration do take

place as indicated by rigors, marked oedema, and redness of the part,

and very high body temperature, the sooner the joint is freely

opened, drained, and washed out, the better. The incisions should

be made in the axis of the limb on both sides, towards the back part

of the lateral pockets, and should be tolerably free. The pus should

then be washed out with a stream of sterilised water, or 1 in 1,000

solution of perchloride of mercury, 1 in 20 solution of carbolic acid,

and should then be drained with a tube on both sides. Such joints

thus treated may recover their functions completely if the operation

has been done before the cartilages and other surfaces have been
extensively ulcerated or covered with organised lymph.

2. Simple subacute Synovitis.—Here the causes operating are

often the same, and differ only in degree. The vascular excitement is

less, and therefore no redness of the skin, very little swelling of the

soft parts, and but slight effusion of synovium into the joint are

present. The fluid in such a case is clear and thin, and contains

few or no corpuscular elements. Pain is present in no marked
degree, and there is but little alteration in the position of the joint,

which may be handled without giving rise to any suffering. The
chief complaint of the patient is that the joint feels "stiff"

and "weak."
Treatment.—These subacute cases are treated on the same

general principles as the acute, but with less vigour. They
require, however, close attention, for if neglected the affection is

apt to become chronic, and is then very troublesome. In the

initial stage leeches and the application of cold are advisable,

and when all heat has disappeared the part must be blistered

freely. Of course, absolute rest is secured by splints suited

to the joint, or by position when the patient is confined to

bed. The chief difficulty in these cases, as a rule, is the

removal of the fluid from the joint, and the prevention of its

re-accumulation. For, even without any return of inflammation,

the tendency in these cases is towards re-secretion of superabundant

synovium. Either the vascularity of the synovial membrane
remains slightly above normal, or its absorbents are in some way
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interfered with, and the balance between secretion and absorption
is thus upset. Aspiration in such cases may be repeated several
times, and yet without avail ; the joint, though painless, refills each
time. Here we will find much benefit from repeated blistering at
short intervals, with firm elastic pressure. The blisters should be
applied in constant succession on different aspects of the joint every
alternate day or so, and the pressure may be kept up by bandages
applied over thick wool laid upon
the blisters. Later, if the fluid

is completely removed, or almost

so, the joint may be strapped with
plaster in the usual way as soon

as the blistered surfaces are healed.

This will promote absorption of

any remaining fluid, and will

often prevent its return when the

patient is beginning to use the

affected part.

If these means fail, it may be
desirable to aspirate and wash out

the cavity with some mild anti-

septic, such as 1\ per cent, of

carbolic acid, or a weak iodine

solution. This is frequently per-

fectly successful where other milder

means have been ineffectual ; but
it is not clear exactly why, unless

there be irritant products in the

synovial fluid which is evacuated,

but of this there is no evidence

at present in ordinary subacute

synovitis following injury or cold.

In many cases great benefit is

derived from massage regularly

applied. Fluid is by this means
removed, and the stiffness of the

joint overcome. Patients having
had subacute attacks of synovitis

should be careful in all cases to wear over the joint, for some weeks

or months after all swelling has disappeared, a covering of elastic

webbing, and should guard the part against overstrain or exposure

to cold or wet, which is very likely to bring on the trouble

again.

3. Simple chronic synovitis.—This form differs but little

from the subacute, except in degree. The same effects are pro-

duced by similar causes. But, owing to some peculiarity in the

patient, usually a defective vitality, the effects last longer, and

as a consequence are somewhat modified. Again, want of rest

may convert a subacute into a chronic case. Thus, though the

Fig. 430.—Pendulous Folds of Synovial
Membrane, due to chronic Inflamma-
tion. (University College Museum.)
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hyperemia and the fluid accumulation differ in few respects from
what is observed in the subacute form of the disease, the per-

sistence of the congestion of the synovial membrane for long
periods leads to its plastic thickening. It thus becomes altered in

consistence, being voluminous and often irregularly hypertrophied

in all its parts. When its borders are particularly affected,

pendulous masses or folds are often formed within it, which hang
loose about the sides of the joint (Fig. 430). These may give rise to

considerable modification of the movements of the articulation, and
may cause a sense of weakness in the latter, or, if the pedicle of such

a pendulous mass be torn through during movement, a loose body is

produced, with many serious consequences. The ligamentous

structures of the joint are often affected at the same time in various

ways, to be alluded to presently.
"

The symptoms of simple chronic synovitis have much in common
with those of the subacute variety, and it would not be necessary to

consider the two forms apart were it not for the fact that the plastic

changes produced in chronic inflammation of the synovial membrane
seriously interfere in many cases with the functions of the joint if

neglected.

The treatment, too, up to a certain point, is the same in both

affections. But in addition, we have to endeavour to help in the

absorption of the plastic matter, or actually to remove it. In the

first instance we make use of strapping, with friction combined,
with painting of iodine over the part, or inunction of mercurial

ointment. Rest during this treatment is desirable, and later,

cautious passive movement. But for a long time after the patient

is able to get about it is well to keep the part enveloped in an
elastic bandage, so as to prevent that passive congestion and
swelling which is so apt to reappear on resumption of active

movement.
But sometimes in simple chronic synovitis all our efforts to

restore the normal conditions by ordinary methods fail completely

;

the joint remains weak, painful, and swollen. In such cases I have
had the happiest results from freely opening the joints on their

lateral aspects, and excising as much of the hypertrophied synovial

membrane as could be reached from the wounds. The latter must
be made carefully with due regard to the integrity of the lateral and
patellar ligaments. The tissue thus removed has been found by the

writer and others to be hyperemia and fibroid, without any trace

of tuberculous material, being simply affected by chronic hyperplasia.

It is hard to account for the marked improvement which follows

in such cases ; but it has been proved by many surgeons, at home
and abroad. And when we have had a larger experience of the

treatment we shall accumulate data upon which to found a theory

as to the modus operandi of the method. All this should be
followed by massage and douching, with change of air, good diet,

tonics, and sea-bathing if possible.
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SYNOVITIS DUE TO CAUSES OPERATING THROUGH
THE BLOOD.

Classification.—The three forms of simple synovitis—the acute,

the subacute and the chronic—produced by causes operating from
without, may be taken as types of inflammatory change in the synovial

membrane of joints.

But there are other forms of disease of the same structure, due
to causes operatingfrom within, which remain for our consideration.

Among these may be mentioned those inflammations set up by
poisons carried to the synovial membrane through the blood, which
irritate the former. Of these there are many, such as the pymmic,
gonorrhoea!, puerperal, scarlatinal, acute rheumatic, and the affections

of joints which follow in many cases on small-pox, typhoid fever,

dysentery, and renal disease, together with the synovitis of tubercle,

syphilis, and gout.

We will do well however, at all events for the present, to group
a number of the above affections under one heading, and speak of

them simply as the septic inflammations of the synovial membrane.
For as yet it is hardly possible to draw any distinction as to aetiology

between the inflammations produced in joints by the septic matter
introduced into the blood from definite putrid wounds on the surface,

and those caused by toxic agents reaching the circulation through
other less evident centres of infection. The effects, at all events, are

practically the same ; and it seems probable that, when in the course of

puerperal or typhoid fever, [of scarlatina, gonorrhoea, acute rheumatism,
dysentery, and small-pox, the synovial membrane inflames, it is again

merely a question of infection of the system generally from some
raw or ulcerating surface, be it in the throat, urethra, intestine, or

uterus. The specific poisons in each of these cases, if not identical,

have, nevertheless, so much in common that we may put them in

the same group, and speak of them as the septic irritants of the

synovial membranes.
Probably, if not certainly, the poison operating in many of these

affections is a mixed one, consisting of the toxic products of several

forms of fission fungi. This is the case, we know, in gonorrhoeal

synovitis, in which the specific organism of the urethral catarrh is, so

far as Ave know, aerobic, and not propagated in the blood, or otherwise

than on mucous surfaces exposed to air. And yet gonorrhoea is fre-

quently followed by severe pysemic affections of joints, with the pro-

duction in them of several forms of pathogenic organisms.

The same may probably be said of the synovitis which follows

scarlatina, typhoid, dysentery, and other similar disorders.

In tubercle, on the other hand, we have, as a rule, a pure

unmixed affection, as also in syphilis.

In gout, again, we have a definite specific poison, in the form of

a chemical irritant—urate of soda. And the mode in which this acts

in setting up synovitis throws considerable light on the other

processes in which the irritant cannot be so easily isolated.
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The long list, then, given above may now be reduced to (1) the

synovitis of septic infection, (2) of syphilis, (3) of tubercle, and (4)

of gout.
Another point strikes the observer at once in looking over the

above list of synovial diseases, namely, that they naturally arrange

themselves into three groups, according to the processes which
underlie the grosser changes present. One group, including the

above acute and subacute septic affections, is generally characterised

by the presence of active hyperemia, rapid effusion, and cell-proli-

feration ; the next, made up of the tuberculous and syphilitic, by
a more passive hyperemia and more sluggish cell-proliferation ; the

last, including the gouty and so-called chronic rheumatic inflamma-

tions, rather by degenerative changes, accompanied or followed by
passive congestions of usually moderate intensity, and not marked
primarily by either excessive effusion or cell-proliferation. The
varieties of disease in each of these groups display a close parallelism

in their natural history. For instance, it requires minute scrutiny

to detect differences between chronic pulpy degeneration of the

synovial membrane due to tubercle, and the analogous changes of

structure in the synovial membrane brought about by syphilis. The
same may be said of the other affections belonging to the acute and
subacute pysemic class, while between the primary degenerative

changes of gout and chronic rheumatic arthritis there often seems to

be a close relation.

It is not intended to imply here that in chronic rheumatic arthritis

the synovial membrane is often primarily affected. Probably this

is rare, the changes in the synovial membrane being in most cases

secondary to degenerative disease starting in the cartilages and liga-

ments. This disease appears to hold an intermediate position be-

tween gout, in which the cause of the lowered vitality is the presence

of a definite chemical compound in the tissues, and Charcot's disease,

in which, be the original cause what it may, the proximal cause

appears to be a profound affection of the nervous centres manifesting

itself in the osseous system by degenerative changes due to defective

innervation.

These varieties of synovitis, due to causes operating through the

blood, may now be considered.

1. Acute Septic Synovitis. Pathology.—Thisform of synovitis,

as already stated (page 1039), is met with in the course of many local

and constitutional diseases, hitherto regarded as quite distinct. But
it is almost certain that the poison which produces the joint trouble

is analogous if not identical in all, and is due to the presence in the

blood of one or other of the well-known forms of staphylococci, which

have actually been found in the joint effusions in such cases. It is

easy to understand the mode of entrance of these into the system

when we remember the foul suppurative surfaces present in different

parts of the body in the diseases in question—in the urethra in

gonorrheal synovitis, in the throat and ear in scarlet fever, in

the intestine in typhoid, in the uterus in puerperal fever, and so on.
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Once introduced into the circulation, the capacity of these fungi to

increase within the system is well known, until the whole organism
may be overpowered by the poison generated by them.

The first evidence of a dangerous general intoxication with the

latter is usually a sudden rise of temperature, followed by a rigor, and
then abrupt defervescence. It is after this that we usually meet with
the septic joint affections in the form of simple synovial, serous, or

purulent effusion into the cavity of the articulations.

This synovitis is brought about by the irritating effect of the

organisms or their products upon the capillaries of the membrane, in

which colonies of staphylococci may be entangled. Hyperemia
follows, and, as a consequence of this, increased secretion takes place

from the surface of the sac, and the joint is distended. In the

milder cases the fluid poured out may be but slightly altered

synovium, and may be soon absorbed again. This, however, is rare,

the effusion in clearly septic cases being usually either turbid serum
or actual pus. The reason for this is not far to seek. Simple hyper-

secretion from a synovial membrane invaded by septic irritants would
naturally carry a certain number of the organisms into the joint. As
there is no means of escape from the latter for the fluid except by
the absorbents (probably also damaged in their functions by the

same inflammation, and, at all events, inadequate to the extra work
thrown upon them), an accumulation of septic matter takes place in

the joint, and this re-acting upon the surfaces around, intensifies the

hyperemia, and soon leads to suppuration in most cases.

It would seem, too, as if the organisms in the vitiated

synovium in such cases had the power of directly attacking the

tissues, and also of preventing any of that organisation of fibrin

which is so frequently seen to be present in the neighbourhood of

non-septic inflammations. This is indicated by the peculiar ap-

pearance of the synovial membrane and the cartilages in such cases.

These seem to the naked eye as though they had been subjected to

some digesting process, which has liquefied them, and at the same
time left them clean and smooth, and without a trace of lymph upon
them. In many cases the injection of the synovial membrane
appears after death to be but slight, and out of all proportion to the

large amount of pus in the joint.

A microscopical examination of the membrane, however, will

show exudation of small round cells in its most superficial layers,

which are thus softened and sodden on the surface, and perfectly

destitute of any trace of plastic material.

The cartilage, too, is seen under the microscope to be altered, in

its superficial layers at all events. Here the tissue is softened and
rapidly liquefying, as though under the action of a chemical solvent,

but, as a rule, so evenly and uniformly, that only close scrutiny

detects the thinning of any particular part. The capsules near the

surface are packed with small round cells, but those in the deeper

part of the cartilaginous crust are normal. Indeed, the whole appear-

ance of the tissue gives the impression that so rapid and universal
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was the solvent action of the secretion in the joint upon the cartilage,

that it had but little time to develop any tissue change in its deeper parts.

Symptoms.—The clinical features of acute septic synovitis, as

contrasted with the simpler forms, are easy to draw. Not only have
we the general condition to guide us, but we have the fact that

frequently more than one joint is affected spontaneously and simul-

taneously, and without any local external exciting cause. Not un-

commonly, too, effusion appears in one joint and then disappears, while

anotherjoint is becoming acutely affected. This in its turn may recover,

while a third, fourth, or fifth may become successively involved in the

same process. Some of these joints may completely recover, while

others in the same individual may go on to the most destructive

suppuration.

Again, the swellings in the joints are often accompanied by
circumscribed dusky flushes of the skin, which contrast strongly with

the faded clay-like colour of the general surface of the body in septic

infection. These somewhat livid blushes come and go, and are,

besides, quite unlike the diffused bright flush of simple synovitis.

In very severe cases the effusion tends to rupture the synovial

pouch very early, and to diffuse itself freely among the surrounding

tissues, setting up in them, too, the same suppurative processes.

The fact that the toxic agent acts as a solvent upon any fresh

plastic matter which otherwise would tend to limit the process,

explains the rapid destructive changes produced in this form of disease.

The subjective symptoms are the same as those accompanying
the simple form of synovitis, running on to suppuration (page 1036);
but the constitutional condition is quite different. There is the

high but oscillating temperature, the rigors, delirium, restlessness,

great wasting, and often vomiting ; in fact, the symptoms are more
or less of marked general pysernia. (See Pyaemia, page 183.)

Treatment.—The treatment locally is carried out on the same
principles which guide us in dealing with simple acute synovitis of the

suppurative form ; but we must remember that early evacuation of the

septic effusion into the joint is here more than ever of importance.

Here, too, the washing out of the cavity is more pressingly called for

than when the pus is not septic, and the fluid employed may be more
strongly antiseptic. At the same time, it should be borne in mind
that the mechanical flushing effect of the fluid passing through the

joint is probably of more importance than its germicide properties.

Indeed, more will be achieved by using a large quantity of simply

sterilised water to carry away every trace of the irritating pus from
the joint than by using a limited quantity of a strong bactericidal

solution, and the prognosis as to movement in the articulation of those

who recover will be better. For there can be no doubt that germicides

strong enough to destroy bacteria in the joints, and in the tissues from
which they are derived, must also be strong enough to injure the

vitality of the superficial cells of the joint surfaces upon which we
rely for the repair of the lesion.

The prognosis in these cases of acute septic synovitis is very
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unfavourable, both as regards the life of the patient and the

functions of the part if he survive. When septic matter is present

in the blood in sufficient amount to cause suppuration in the joints,

it is only too likely to be abundant enough to overwhelm the vital

powers completely. And yet every surgeon of experience has seen
cases in which, after free opening and evacuation of such purulent
collections in joints, the patient has survived, and, moreover, some-
times with the movement of the joint but little impaired.

The subacute form of septic synovitis differs from that

just described only in the degree of inflammation induced in the

joint. Either the poison is not so virulent, or it is not in such large

amount, or the vitality of the patient is greater.

The symptoms are also the same, though less marked, and the

constitutional disturbance is less severe.

Here the temperature is not so high, and does not oscillate so

much, and rigors are few or entirely absent. The pain, however, in

these subacute cases is often more severe than in the acute, and the

tendency to affect several joints one after the other is greater. The
possibility of the smaller and deeper synovial tracts being attacked

must never be lost sight of in this form. Such affections may often

be observed, for instance, in deep tendon-sheaths and the smaller

joints of the ribs, or wrist and ankle, or, again, in synovial bursse.

The treatment in this case need not be so radical in the first

instance. Here we may trust to hot fomentations, combined with

belladonna paint for a time, with complete immobilisation of the

limb. But if these means fail there is no choice, the joint must be
opened, washed out, and in some cases drained.

In such cases the prognosis is favourable, and the functions of

the part are often completely restored if treated early enough.

In the chronic form of septic synovitis we have a very

troublesome affection, if not actually very dangerous to life. Here
there may be only a very moderate amount of effusion into the

joint, but the inflammation lingers so long, that grave secondary

structural changes are induced, which frequently destroy all the

functions of the part in the end. The synovial membrane becomes

thickened and fibrous, and the cartilages roughened, while the

ligaments are softened at first, and then shrink and contract, so

that great deformity is frequently the result if the inflammatory

process be recovered from.

The treatment in such cases is the same as for the subacute form
in the main ; but we must not forget that the longer such a process

lasts the graver will be the structural lesions. We must not

therefore hesitate, where other means fail, to open and wash out

these joints, and carry out free drainage. And at the same time we
must be particularly careful to support the joint in the best position

when its ligaments are softening, so as, on the one hand, to prevent

its component bones from being dislocated one upon the other; and,

on the other, to secure that, if it should become stiff, it shall anclrylose

in the most favourable position for future use.
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When the part recovers with only fibrous thickening, much may
be done to bring back its movements by massage, combined with

passive motion and cold douches. These measures, patiently con-

tinued for long periods, are productive of the greatest benefit.

Forcible movement, on the other hand, under an anaesthetic is to be

deprecated where the disease has been very chronic. If this be

done, the disease may be set alight again, or the fused surfaces,

being torn apart, will only unite again, or, finally, the atrophied

bones may be broken by the force applied.

(2) Syphilitic and (3) tuberculous synovial disease.

—

The group of synovial affections, characterised in the main by
more passive hypersemia and sluggish cell proliferation, must now
engage our attention. This will include syphilitic and tuberculous

disease.

2. Syphilitic synovial disease.—It is necessary to remark
here, however, that in this group is not included that form of sub-

acute synovitis often noticed early in the secondary stage of syphilis,

which differs but little from, if it be not identical with, what we have

been considering under the heading of subacute septic synovitis. The
congestion and hyper-secretion here seen in the joints are analogous

to what is often seen at the same time in the mucous membrane of

the throat, larynx, and bronchi at the outset of the secondary sequela?,

which last for a short time, and then disappear spontaneously, but
only to be followed soon by the more obvious cutaneous syphilides.

The synovitis here is probably either duo to ordinary septic infection,

produced at the same time that the specific syphilitic poison is grafted

on the system, or to the irritation of the syphilitic poison, as yet not

sufficiently developed to produce those plastic changes familiar to us

in the later secondary and tertiary stages. It is probably this milder

form of synovial affection without marked effusion which gives rise^to

those so-called "prodromal pains" in the joints and deeper parts of

the back, so often met with at the outset of syphilitic infection.

Possibly the joints of the spine are the seat of some of them, as

well as those larger articulations which we can see, and which are

also the seat of these pains. (See also pages 430 and 1061.)

Pathology.—The syphilitic synovial disease, which is here con-

trasted with tuberculous disease, is not like that just alluded to. It is

a slow hyperplastic change in the synovial membrane, which comes on
late in the course of the constitutional affection, whether it be acquired

or congenital. In the latter form it is quite as common as in the

former, if not more so. All the components of the joint may be

affected, but the change is generally seen in the soft parts and,

above all, in the synovial tissues.

The change consists in a small-celled infiltration—in other words,

in a diffused gummatous formation. To the naked eye the latter

has a close resemblance to the granulation tissue of tuberculous

disease. When the cells are aggregated in masses, we have before

us a true gumma. But, as a rule, the infiltration is diffused evenly,

like ordinary chronic inflammation, and not in " systems " like
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tubercle, though there is only a sluggish so-called passive hyperemia
present.

Thus it may remain for an indefinite time if not relieved by treat-

ment, or may undergo further secondary changes. The latter are
quite similar to those seen in tubercular granulation. It may resolve

or may undergo fibroid organisation, or may liquefy, caseate, or

cretify. Thus, as we shall see presently, there is, in both syphilis

and tubercle, either (1) a return to a healthy state, with or without
permanent thickening; or (2) liquefaction, larger or smaller collec-

tions of pulpy broken-down material forming, and, perhaps, opening
through the skin or into the joint ; or (3) the granulation material

may caseate, owing to fatty degeneration ; or (4) it may dry up and
cretify. Sometimes this deposit is associated with effusion into the

joint, but this is not common.
These tertiary syphilitic deposits in and about joints have long

been recognised clinically, but Lanceraux was one of the first to

demonstrate them in the post-mortem room. In his interesting

description the clearest proof is given that the tertiary gummata or

inflammatory deposits in the articular structures present the characters

and undergo the same changes as in the other parts of the body.

Symptoms.—The subjective symptoms of this late syphilitic

affection of the synovial membrane are not usually well marked in

the early stages of the affection. The change may have advanced
far before much pain, weakness, or stiffness are complained of ; and
a patient will often continue to use the part when these factors are

present, which, were the disease tuberculous, would indicate very

extensive and disabling disorganisation, and be accompanied by con-

siderable suffering and loss of power.

The objective symptoms are : swelling generally, far less uniform

than in the tuberculous affection, and possibly localised at one or two
clearly defined spots. These will have a peculiarly elastic or doughy
feel to the touch, according to the condition of the focus. If con-

sisting of fresh granulation tissue it will be elastic ; if of softening

gumma, doughy ; if liquefied, of course, fluctuating. The tempera-

ture of the part is not raised appreciably, and the surface of the

joint shows no signs of congestion, unless a gummatous deposit be

breaking down on its way to the surface. Then the skin will gradually

assume a brownish or more or less purple colour, which contrasts

markedly with the pale earthy tint so frequently seen in late syphilis.

When other parts of the body exhibit unmistakable evidence of

syphilitic disease—such as old circular scars, " pegged teeth," or in-

terstitial keratitis—there can be but little difficulty in the diagnosis.

Of the treatment, of this affection it may be fairly said that it

is much more satisfactory, as a rule, than is that for tuberculous

synovitis, unless it has been neglected and allowed to advance to an

extreme degree of cachexia before being taken in hand. In younger

individuals suffering chiefly from the congenital variety, our chief

reliance will be upon mercury given in small doses for extended

periods. But in addition it must be remembered that, as want of
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vitality lies at the root of the advance of the disease, so we must
improve the patient's general health in every way in our power by
nourishing food, fresh air, cod-liver oil, and tonics. In some cases

where the disease is not far advanced the use of the joint in modera-
tion need not be prohibited, and limited movement will probably be
beneficial. Among the more aged and cachectic, iodide of potassium

or ammonium and iron will take the place of mercury. In both
massage and douches will be of the greatest use, as tending to

improve the vitality of the tissues and promote absorption. Where
resolution takes place the surface of the joint will be marked by
pits and contractions, corresponding to the foci of granulation

tissue, which have shrunken and organised or degenerated.

3 Tuberculous synovial disease. Pathology.—The next
pathological condition on our list is the tuberculous affection of

the synovial membrane. And in considering this disease it will

be necessary to assume that the general pathology of tubercle is

understood. (See page 340.)

It is essentially a disease of the two extremes of life. In other

words, it is met with at a time when the general vitality of the body
is feeble, and when the tissues are particularly vulnerable to injurious

influences, operating either from within the body or from without.

Again, it is essentially a disease of the poorer classes, who live

under the depressing influences of mal-hygiene, although it may be

met with among those who live in the midst of luxury, and are

consequently debilitated in other ways, or perhaps, strongly pre-

disposed by heredity.

But wherever and whenever met with, it is always due to the

presence of a specific poison generated by an organism, to which
the name of bacillus tuberculosis has been given.

Tuberculous synovitis is simply an inflammation set up in the

synovial membrane by the presence of this particular organism.

This is brought to the part in the vast majority of cases with the

blood, although in some exceptional cases the joint is directly in-

fected from without. But for a general tuberculous infection of the

synovial membrane, something else is usually necessary in addi-

tion to the mere presence of the organism. There is reason to

believe that in many individuals who are tuberculous the bacilli or

their spores circulate freely in the body with the blood, and yet

these patients do not necessarily get tuberculous joint affections. As
a rule, some local influence which lowers the vitality of the par-

ticular structure affected is necessary in order to render it vulner-

able to the attacks of the bacillus. Such influences are met with in

injuries such as blows or strains, and in cold and wet. These may
act in three ways, at least, in favouring the growth of the parasite.

In the first place, an injury may directly lower the vital power of

the part, and in the next it may secondarily injure its nutrition by
inducing active or passive hypersemia. Finally, with the increase

of blood in the part we can imagine a greater amount of the tuber-

culous poison to be carried to the region involved, ready to settle

upon the most damaged spot.
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As a matter of fact, there is in many cases of tuberculous syno-
vitis such a history of a local external determining cause as well as of

a hereditary disposition and often of general infection indicated by
evidence of the same disease in other parts, such as the lymphatic
glands or lungs, though, of course, it is a common experience to

meet with cases in which the joint affection appears to be primary
and unassociated with any other demonstrable affection of the same
nature.

The changes produced in the synovial membrane by the develop-
ment in it of tubercle vary with the rapidity of the growth of

the latter and the stage at which it has arrived. When rapid and
extensive invasion takes place, there is considerable active hyper-
emia in the synovial membrane and external swelling. This,

however, is comparatively rare, but is met with in those uncommon
cases in which direct infection of a joint with tuberculous matter
from without has taken place. When, on the other hand, the

invasion is limited and slow, the joint shows but little of the ordin-

ary signs of inflammation, either externally or on being laid open.

But if the immigration of the bacilli be but sparse, and the vital

resistance of the tissues be considerable, the most chronic of all the

forms of synovitis is produced, in which almost all the clinical signs

of inflammation, except swelling, are in abeyance If such a joint

be laid open, as is often the case, little or no active hyperemia is

observed. But, on the other hand, the synovial membrane is fre-

quently found to be the seat of passive congestion, and to be
immensely hypertrophied, being thicker in all its parts and more
or less gelatinous or fibrous.

Symptoms and morbid changes in the chronic form.
—Thus, although occasionally instances of acute and subacute

tuberculous synovitis are encountered, it is with the distinctly

chronic affection that we have to do in the vast majority of cases

;

and, it is this form of disease which we must now study somewhat
more in detail.

Chronic tuberculous synovitis, the " white swelling " of the older

authors, usually dates from some injury, and is most frequently

met with in children and in older individuals of delicate constitution

and often with hereditary predisposition to tubercle. The first sign is

usually some stiffness and swelling in the joint, and a sense of weak-
ness in it. Occasionally there is a slight sense of heat, appreciable

to the patient himself and to the hand of the surgeon, but this is

often absent. As time goes on, the swelling increases and the sense

of weakness becomes more marked. If left to itself the joint be-

comes flexed and otherwise deformed, as will be described in con-

sidering the case of special joints. At those joints where it is least

covered by soft parts the synovial membrane will be found to have

become voluminous, and to be elastic or doughy to the finger. This

"pulpy swelling" is due to the formation, in the most superficial

layers of the membrane, of a quantity of granulation tissue, the

product of chronic inflammation with exudation of leucocytes.
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A section (Fig. 63, page 344) through the membrane at this

stage will show the superficial cell layer intact in many instances,

and underneath this innumerable leucocytes grouped in special zones,

in the centre of which are larger " epithelioid " cells surrounding

in most cases a large irregular mass of protoplasm with peripheral

nuclei, the so-called "giant cell," the whole constituting a "tubercle

system " or simply a tubercle (Figs. 65 and 66, pages 347 and 348).

Of these several may lie within the field of the microscope with a

low power, or in other cases only one. Besides these tubercles the

synovial membrane will be seen to contain thin-walled vesseb in

abundance surrounded by multitudes of indifferent exudation cells,

and to possess a larger amount of new fibrous tissue in its substance

than in the normal state (Fig. 431).

This stage may last almost for an indefinite time in some cases,

but as a rule the new tissue undergoes further changes before long.

In favourable cases the

whole process may be ar-

rested at this point, and
resolution may take place.

By this is meant that pro-

liferation ceases, probably

owing to death of the ba-

cillus, if not of its spores,

Fig. 431.-Synovial Membrane, thickened and and the exuded matter be-
infiltrated_with tubercles. (From a Photo- comes absorbed, most of the
graph by Prof. Cheyne.) '

.

leucocytes wandering tarther,

and probably in the end entering the circulation through the lym-
phatics. Some of them may become organised too ; but in any case

the whole tuberculised area is restored to an almost normal condition,

with perhaps some fibrous thickening.

But, unfortunately, this is not the rule, and in the majority

of cases further changes take place in the granulation tissue and
tubercles themselves. As the cells become heaped up round the

centres of infection, the latter are farther and farther removed from
their vascular supply, and eventually to such an extent as to be
incapable of further existence. They, therefore, undergo fatty de-

generation, and form small centres of caseous material in the centres

of the tubercle systems (Fig. 67, page 349). On section of the

membrane at this stage, these foci of caseation stand out to the

naked eye as white beads in the centres of masses of red or pink

granulation tissue. Some of them may have been situated so close

to the joint surface of the membrane as to have involved the latter,

on which they may stand out either as white prominences or, having

broken, as round white-walled cavities open to the joint. Every size,

from a pin point to the volume of a grape, may be seen in the same
specimen. But without involving the surfaces of the synovial mem-
brane, such foci may go on enlarging and liquefying until large, soft

masses of caseous material are formed, known as cold abscesses.

These may spread in any direction, and often ultimately burst into
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the joint, but as often make their way outwards through the
capsule, and form large peri-articular abscesses. Again, this tuber-

culous inflammation of the synovial membrane may so hypertrophy
the latter as to throw it into folds and fringes, which spread out
between the ends of the bones. If the process still advance, the
pathogenic matter in the fringes may commence to attack the

underlying cartilage and lead to its ulceration and destruction,

as is well seen in Fig. 433, and to the left-hand side. In this way
the whole cartilage may be gradually destroyed until the bones
are laid bare ; but in many cases it only shows small pits upon
its surface filled with tuberculous granulation matter.

It is important, however, to remember that synovial disease of

this kind does not always involve the surfaces of the joint, but may
go on to the production of large extra-articular abscesses without
doing so. Again after developing into caseous masses, these tubercles

may become quiescent, and the dead tissue dry up into hard material in

which the calcareous salts become concreted into chalk-like material.

When this change sets in early, the functions of the joint may become
restored, but it is rare for the disease to stop at this point when once

it has reached the stage of caseation. Most frequently some of the

caseous foci break into the joint, and the infective matter contained

in them is thus brought into contact with sound tissue, and infects

it over a large area.

These various changes are not accompanied by any special

objective and subjective symptoms which enable us to recognise

them with certainty. We are driven to study the whole aspect

of the case : the time the disease has lasted, the strength and con-

stitution of the patient, and the amount of swelling and interference

with function, and to cast up the general evidence bearing upon the

probable state of the parts within. But it is a common experience

that we find as a rule more disease in such a joint than the aggre-

gate of symptoms would have led us to expect.

Treafmemt.—The general treatment of tuberculous synovitis is

practically the same as that suitable for syphilitic disease of the

same structure. Everything which can by local or general means
improve the vitality of the tissues should be employed. Thus
abundance of digestible food, fresh dry air, good clothing, and
moderate exercise are called for, together with the use of tonics and
the preparations of iodine. (See page 359.)

Locally, we also apply iodine tincture, or blisters in the earlier

stages ; and if there is much pain, the part must be thoroughly

immobilised. In very mild cases it is a question whether gentle

exercise is not of some benefit so long as the part is not strained or

rendered painful ; but much caution is necessary, and in doubtful

cases it is better completely to fix the joint in the position of greatest

ease. In some early cases the use of the actual cautery to the skin

over the joint, to cause rapid vesication or an actual sore, is of much
benefit. Sometimes mercurial inunction, combined with firm strap-

ping, is followed by improvement, but is not now so much believed
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in as some years ago. Again, the application of an elastic bandage
for several consecutive hours daily, followed by massage, has been
recommended as a means of reducing the passive engorgement of

the synovial membrane. This method is of much benefit in early

cases, and ought to be more widely employed than is at present

the case.

Another mode of treatment has of late come much into use,

espccicxlly in Germany ; and at a recent meeting of the Surgical

Society in Berlin I had the opportunity of hearing the opinions

as to its value expressed by many prominent surgeons. Almost
all were agreed that it had made the treatment of tuberculous disease

of the synovial membrane far more satisfactory than formerly was
the case, and had rendered operative interference far less necessary

than hitherto. This method is the injection of iodoform powder,
suspended in glycerine, into the affected tissues. The influence of

this drug in checking the growth of the bacillus tuberculosis has been
much disputed by many bacteriologists and pathologists, but I have
been always struck with the always unanimous verdict in its favour

of those surgeons who have had the largest practical experience of

its use in clinical work. It is used in these cases as follows : Ten
per cent, of finely powdered iodoform is suspended in pure glycerine,

with 20 per cent, of sterilised water ; and of this fluid about a
drachm is injected into various parts of the diseased synovial mem-
brane with a coarse hypodermic needle, until about one ounce has

been used. This injection may be repeated at intervals of about
two weeks. In some cases symptoms of iodoform intoxication have
been observed, but this is rare. This treatment is usually com
bined with immobilisation of the part and massage.

Another mode also of dealing with these cases has been devised

and practised by Dr. Bier of Kiel. This is known as the method of
" Hyperamiic Engorgement," and consists in applying an elastic

bandage over the extremity as far as the affected joint, leaving the

latter bare, and again applying a bandage above the joint in such

a way as to produce an engorgement of all the vessels in and around
the joint for some hours daily. This, it is stated, is followed by
arrest of the tubercular process and death of any tubercular foci

already present in the part. Those who have tried this plan speak

highly of it, but I gather from others who have employed it and
the iodoform treatment, that the latter has satisfied them better.

It is not to be supposed, however, that either of these two methods
will supersede the opening of tuberculous abscesses when they have
formed, nor the removal of diseased bone in certain cases. This will

always be proper in any case. But where the disease is fairly early

in development, both methods deserve a further trial.

4. Gouty and chronic rheumatic joint affections.

—

There naturally follow upon the syphilitic and tuberculous group
of synovial affections another set which exhibit their chief pecu-

liarities in degenerative changes, although cell-proliferation is also

present as a secondary process. These affections are, however, by
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no means limited to the synovial membrane, but involve the carti-

lages, bones, and ligaments equally, if not to a greater extent. This
is especially true of gout, which must now engage our attention for

a few moments.

Gout.—This disease, as is well known, depends upon the pre-

sence in the system of a definite chemical body, the result of faulty

metabolism, which in certain tissues leads either to loss of

vitality or to low inflammatory changes due to the latter. This
chemical substance is urate of soda, which tends to deposit itself

in those tissues which naturally possess the least vital energy, namely,
in the cartilages, ligaments, and bones. The synovial structures,

however, are also att'ected. The question then suggests itself whether
this deposition may not be due, at all events in part, to lack of

vitality in the tissues first mentioned, owing to which they are

unable to eliminate or resist the power of the salt to crystallise in

them, which it therefore does in tufts of acicular prisms of great

delicacy. In solution, too, it passes into the joint with the synovial

secretion, and is there precipitated in the crystalline form, and often

in sufficient amount to distend the sac with a mass resembling chalk

to the eye. It is the presence of this product which is supposed
to provoke that hyperemia culminating in those peculiar explosive

attacks of inflammation of the peri-articular structures so familiar

to physicians. It is very likely, too, that its presence in the tissues

in solution produces a loss of energy, laying them open to the

degenerative changes which are found in them.
The symptoms, as seen in the synovial membrane in gouty

change, are hyperemia accompanied by heat, redness, and a puffy

swelling, with throbbing pain most marked at night.

These symptoms may be observed in, almost any joint, but
are undoubtedly most frequently seen in those which are most
exposed. Among these may be mentioned the knee, elbow, ankle

wrist, and above all the metacarpophalangeal joint of the great toe.

The treatment consists in regulation of diet, the use of diluents,

and the administration of laxatives and colchicum in free doses.

Locally, there must be rest for the part involved, with elevation and
the protection of it from external irritation in the form of rapid

alternation of heat and cold. This is best met by wrapping up the

part in warm cotton-wool or in moist compresses. Later, gentle

massage may be employed with benefit. It acts in unloading the

engorged vessels, and in promoting the absorption of the urate

deposited in the tissues. This disease is so commonly considered

as belonging to the department of medicine, that its further treat-

ment may be relegated to the physician.

Chronic osteoarthritis.—It will be convenient to consider

now a disease which in some respects appears to have many features

in common with gouty arthritis, although it cannot be said to range

itself easily among the synovial affections. This is the so-called

" chronic rheumatic arthritis," for which a number of other names
have been proposed, such as "arthritis deformans," "rheumatic
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gout," " chronic osteo-arthritis," " arthritis senilis," " arthritis sicca
"

or " nodosa," and lately " polypanarthritis."

The number of these designations indicates in itself that none
of them are held to convey any clear characterisation of the disease.

But in the present imperfect state of our knowledge as to the path-

ology of the condition, it is just as well to employ some term which
implies no particular theory as to ultimate causation. The term
" osteo-arthritis " is probably less open to objection than any of the

others mentioned, and is, perhaps, the most commonly used at

present.

Pathology.—Osteo-arthritis is essentially a disease of later life,

and occurs, in the great preponderance of cases, after fifty, though
occasionally found among feeble individuals at an earlier age. It is

far more common among the ill-fed and badly-clothed than among the

more favoured classes. It has thus come to be called " poor man's
gout." Again, habitual exposure to severe changes of weather appears

to dispose to it, not only by acting locally upon the joints, but also

by lowering the general nutrition of the body. The disease, indeed,

appears to depend, at all events in its beginnings, upon some loss of

vitality in the tissues of the body, generally due to several depress-

ing causes combined, which leads up to degenerative changes. But
as the condition advances we recognise the introduction of other

factors, in the shape of subacute inflammatory processes, due to

the disturbance of function depending upon the degenerative changes

in the first instance. It would be incorrect, then, to describe this

affection, in the form in which it is usually met, as purely degenera-

tive, seeing that its more marked results are those produced by
secondary inflammation, not always destructive, but often of a

plastic character.

If we examine a joint in which this affection is in its earliest

stages, many striking alterations are evident, even to the naked eye.

In the first place, the articular cartilages will appear roughened, and

on close inspection fibrillated, the fibrils standing vertical to the

surface, but all this without any evidence of inflammation. This

alteration is now believed to be the result of degeneration of the

cartilage cells, and their removal leaving" behind nothing of the

original structure but the intercellular matrix in the form of columns

and fibres. This degeneration may be due to age, exposure,

unhealthy blood-supply to all the tissues, reducing their vitality, or

to all these causes combined. Finally, it has been suggested that

it may be a trophic nerve change, induced, in the first instance, by
the causes just mentioned operating upon the nervous system, and
leading to defective innervation, using the term in its widest sense.

However this may be, the first change of all in the disease is

degenerative, and before it has progressed very far it leads to actual

loss of substance in the cartilage. For the latter, in its weakened
state, appears unable to fulfil its ordinary functions, and is gradually

worn away in the movements of the joint, until at last the two
surfaces of the bone are actually in contact
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Then another condition begins to be noticed around the borders of

the encrusting cartilages, advancing pari passu with the using up of

the latter. This is an irregular swelling of the tissue, producing
eminences of a pearly hyaline look or yellowish colour. These are

noticed at those aspects of the joint where the movements are least

felt—namely, at the borders of the encrusting tissue, where it touches

the periosteal and synovial vascular supply, and where the nutrition

of the cartilage may be said to be at its best. These nodules only
interfere with the free play of the parts during the extraordinary

movements of the joint. They are, beyond all question, due to

hyperplasia of the cartilage, which latter is explained either by
irritation produced by the play of those parts of the surfaces of the

articulation which are undergoing degeneration one against the.

other in their roughened state, or by the presence in the blood of

some irritant substance. The first of these is the most likely

hypothesis as far as we know at present. Together with this

obvious hyperplasia, there is usually a certain amount of hyperemia
of the nearest vascular tissue— i.e. the synovial membrane— but only
in sufficient quantity to produce a slight amount of increased

secretion. This was formerly supposed to be the initial change, but
is now recognised as probably only secondary to the earlier

degenerative disorganisation. For it is easy to understand that,

when hard osseous tissue comes to rub against osseous tissue, with-

out the interposition of cartilage, there must be an amount of

friction, and consequent irritation not present beforehand.

Then, as this disease advances, the bone thus injured becomes,

in its turn, hypei-semic, and begins to throw out new osseous tissue,

especially at the periphery of the joint, where it is not subjected to

pressure. In the first instance, this hyperemia leads to softening of

the bone by the well-known processes of rarefaction, so that it is less

resistant to pressure, and soon becomes altered in shape on its surfaces

being moulded and rubbed down by the opposite bone (Fig. 4-32).

The new material, too, at its edges is at first soft, and may assume
various shapes, according to the forces brought to bear upon it. As
a rule, however, it presents itself in the form of lobes and irregular

nodules, which have been compared by Billroth to " tallow

drippings." The effect of the chronic hyperaeniia upon the synovial

membrane is to cause its gradual thickening. At the same time, it

becomes rough on the surface, and frequently throws out hyper-

plastic fringes or pendulous growths. Sometimes these latter are

torn off by the movements of the joint, and so form loose bodies ; or

they may become ossified or calcified, and then seriously interfere

with the functions of the part. Every museum contains examples

of these loose bodies.

It is the presence of this new bone round the borders of the

joint which gives it the lumpy appearance seen and felt through the

skin, and which so seriously impedes its movements, and gives rise

to the grating so familiar in these cases. But, though there may be

much material thrown out in such cases, it rarely, if ever, leads in
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simple chronic osteoarthritis to fusion or synovitis of the two bones.

The latter may be firmly locked one into the other, but they are not
fused, as in cases of ordinary inflammation. The reparative powers
of the part are, in fact, below par, and the plastic processes only go

to a certain stage, and no farther.

In some cases, however, the process just described is slightly

modified, though essentially the same. For some unexplained

reason the degenerative process seems to progi'ess more slowly,

and the cartilage is only tardily worn away. The underlying bone
at the same time is only very gradually irritated as its surfaces

become more and more bared of cartilage. The consequence is an
inflammation of a lower degree of intensity, which, instead of leading

to softening of the bone, is the cause of a sclerosing osteitis in its

superficial layers. The bone thus hardened is more slowly ground
and worn away than when rarefied, and as a consequence has a

smoother surface at the worn points of contact. These frequently

become actually polished, when the whole surface assumes the ap-

pearance of porcelain or ivory. In this state the movements of the

joints may be fairly free and almost without grating, the surfaces

being so perfectly smooth.

It is said that occasionally the process of degeneration may lead

in cases of osteo-arthritis to the formation of caseous material, which
will float about in the synovium or lie embedded in the tissues form-

ing the surfaces of the joint. But this is certainly very rare, and
when met with suggests very strongly that there is a tuberculous

or syphilitic element in the case, tuberculous arthritis being by no
means so uncommon in elderly patients as is commonly supposed.

At all events, if such caseous degeneration does take place in chronic

rheumatic arthritis, the course which the disease pursues is precisely

that of the tuberculous foci of arthritis. The joint becomes swollen,

doughy, and tender, in addition to the usual signs and symptoms of

the ordinary form of the affection, and sooner or later soft spots are

felt under the skin, and the latter breaks, discharging curdy broken-

down material. In this way the joint may be opened up, and if

the sinuses should then become infected ordinary suppuration with

all its dangers is grafted upon the degenerative process, and very,

soon leads to the utter disorganisation of the whole articulation and
to the most grave constitutional disturbance. Such cases, as already

stated, are very rare, and if the softening process become developed

in a case in which osteo-arthritis had been previously present in one

or more of the joints, careful inquiry and examination should be

made, in view of the possibility of syphilis or tubercle, before it is

admitted that the process is clue to the original disease.

Symptoms.—The symptoms in all the various phases of osteo-

arthritis are both subjective or objective. In the earliest stages when
the cartilage is degenerating the patient will notice first some creaking

in the joint, with slight insecurity in using it. There is, as a rule,

but little pain at first, and no tenderness. At this stage nothing

objective can be made out, except that the roughened surfaces
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do creak on movement under the hand. Later, when the low in-

flammatory action is beginning, and the border of the articular

cartilage is becoming nodular while the synovial tissue is irritated.

the patient complains of dull aching pain, aggravated by motion.

Greater creaking or actual crackling will now be noticed,and the lumpy
enlargement at the borders of the articulation can be made out with

the hand. Probably, too, the joint will contain a certain amount of

fluid, and there may be a certain eleva-

tion of temperature without redness. This

condition, of course, interferes with the

movement of the joint, not only because

of the pain, but also owing to the altera-

tion of the shape of its surfaces, due to

the bony growths. Any attempt to

carry the bones through their usual move-
ments leads, of course, to stretching of

the ligaments, with great increase of

suffering. With the advance of the dis-

ease all thesesymptoms become aggravated,
especially the

Fig. 432.—Femur and Patella from a case of chronic Osteo-arthritis,
showing the effects of friction.

last. But, ulti-

mately, if the

joint surfaces

become locked

in one another,

movement
being arrested,

the pain gene-

rally ceases,

except that at

times, espe-

cially at night,

the bones may
ache.

So far as

we know, all the joints of the body may be affected, either singly

or together, by osteo-arthritis. But there are some which appear

to be peculiarly liable to the disease. Among the larger articula-

tions the following is about the order of frequency : knee, hip,

shoulder, elbow, ankle, sterno-clavicular, and temporo-maxillary,

the smaller joints showing it only a little less frequently. Even
the smaller articulations of the vertebrse have no immunity from

the disease, but may be extensively involved.

Both sexes appear to be equally affected by osteo-arthritis
;
per-

haps the larger joints are more frequently attacked in males, the

smaller in females.

The tireatmcait of this affection is, on the whole, unsatisfactory.

Depending as it does primarily upon degenerative processes, it is

almost too much to hope that we can effect much by remedial
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agents. Cure of the condition when well marked there is none
known ; the structural changes cannot be repaired. We niay,

perhaps, arrest the rapid progress of degeneration at the outset

by appropriate treatment, or when advanced relieve the suffering

caused by it, but more than this we cannot claim.

The general strength of the system may be improved by nourish-

ing food of a light digestible kind, and by warm clothing, fresh air,

and tonics. Again, if the blood be loaded with effete products, the

result of improper food or excess in eating and drinking, we may by
simplifying the diet and the use of laxatives and emunctories, and
by encouraging the action of the skin by the employment of Turkish
baths, massage, etc., effect a good deal.

Locally, the nutrition of the part involved may be much helped

by protecting it from the vicissitudes of the weather by warm cover-

ings of cotton-wool or flannel. Douches and hot baths are also some-

times of use, and counter-irritation may even be resorted to occa-

sionally with benefit. Pain may be relieved by anodyne applications,

such as belladonna or opium. I have also found that carbonate of

lithia and iodide of potassium possess the power of relieving the

pain of this disease, although an explanation of the fact is not easy.

Of the benefits accruing from the use of certain mineral baths

there can be no doubt. Thus I have known patients very much
improved by l'esidence at Wildbad, and the use of its natural springs,

when other treatment had been productive of no benefit. The other

resorts generally regarded as of special use in this disease are Buxton,
in England, Suchon, in the Pyrenees, Vichy, Ems, Wiesbaden, and
Carlsbad. But of all I give the preference to Wildbad, which for

some reason or other appears peculiarly suited as a resort for those

affected with osteo-arthritis, gout and rheumatism.

DISEASES OF LIGAMENTS.

Primary affections of the purely ligamentous structures of

joints are exceedingly rare. When ligaments are diseased, it is

nearly always due to extension from the neighbouring synovial

membrane. This is only what we might expect when we remember
that the structures in question play a more or less passive part in

the functions of the joint, and consist of a highly differentiated

tissue.

Inflammation.—When ligaments are, however, severely strained,

or actually torn, they may become inflamed. The process is, as a rule,

sluggish, the vascular supply being very limited, and the actual

cellular elements in the tissue few. They will be found, in such a

case, more injected than usual, the vessels passing among their fibres

being dilated or, perhaps, increased in number. If this hyperemia
lasts long, the whole ligament becomes permeated with leucocytes,

and thereby assumes a softened, pulpy consistence, its individual

fibres, too, being softened at the same time.

The diagnosis of such a condition would not be difficult, in view
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of the injury. There would probably be some ecchymosis, localised

swelling, tenderness, and pain, aggravated by particular movements.
There would also, in all probability, be some effusion into the joint,

due to the hyperemia having reached the synovial membrane, or

the latter might have been injured at the same time.
' The treatment of inflammation of the ligaments of joints in

the early stages does not differ from that described as suitable for

synovitis (page 1035), and need not detain us. But in these cases the

structures will require to be supported by strapping and bandages
for longer periods than if the synovial membrane was alone affected.

Inflammation of ligaments, once established, is very prone to

become chronic, and to leave much weakness in the part affected.

New growths.—Ligaments are not likely to be the seat of new
growths, and are very rarely so affected ; but they are occasionally

the seat of cartilaginous or bony deposits, which may require operative

treatment, on account of their interfering with the movements of the

articulation. These are met with usually close to the insertion of

the ligaments, so that it is difficult to say whether they have started

in the latter or in the subjacent bone. (See page 907.) Unless these

are actually interfering with the joint, it is well to abstain from
operation upon them, inasmuch as they are not prone to grow to any
magnitude, and usually, after a short period of activity, appear to

remain stationary. In this they resemble the small ossifying chon
dromata, which are so frequently found growing about the ends of the

bones, close to the joints, and their pathology is probably the same.

Secondary diseases of the ligaments are common, and are con-

sidered with the affections with which they are associated.

DISEASES OF THE CAETILAGES.

Here, again, we find that primary disease is rare. Cartilage

plays but a subordinate part in the economy, its functions being

almost passive, and it is a highly differentiated tissue, and there-

fore exempted from fluctuations of circulation, which affect the more
embryonic connective tissues. When it is diseased the affection is

usually either the result of degenerative changes, or is secondary to

inflammation in adjacent structures. New growths, again, starting

from articular cartilage are almost unknown.
Degenerative Changes.—Degenerative changes in cartilage,

such as those seen in osteo-arthritis and in Charcot's disease, or in

the debility of extreme old age, commence usually as a fatty degenera-

tion of the protoplasm of the cells, which ultimately involves the whole
body of the corpuscles. The latter, having in this way lost all their

vitality, or having conversely undergone the change in consequence

of the loss of vital energy, break up. The cells having thus

been destroyed, the matrix or less vital part soon follows, breaking

up first into columns and bands, and finally liquefying and exfoliating

into the joint, until the surface of the bone is left bare.

Sometimes there are seen in the matrix itself rows of fatty

I I
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granules, vertical to the surface, which ultimately separate columns
of the matrix one from the other, until the whole tissue has the

appearance of a "pile" fabric like coarse velvet, and, when stroked

over with the finger, all the fibres are bent in one direction, as a field

of corn beaten down by the wind.

These changes may depend upon age, damaged innervation,

insufficient food, or the circulation in the blood of deleterious

materials, damaging the nutrition of the tissues. That the latter

may operate in this way is shown by the somewhat analogous

condition of cartilage, produced by the presence of urate of soda.

Here, as the result of mal-assimilation or bad elimination, or of both,

a harmful material accumulates in the blood, and is carried through
all the tissues of the body, inducing the changes already alluded to

(page 1051). When very abundant in the blood, this salt is deposited

in the cartilage in the form of bunches of a circular form, and may
give the tissue a chalky appearance. Its presence here leads to loss

of vitality of the tissue, and consequent degenerative changes, the

matrix breaking up as in the fatty change j ust described, until it is

completely destroyed. Analogous materials of a non-crystalline

form may also produce similar changes, without being precipitated

from the blood as a solid. This seems likely to be the primary
cause of the degenerative changes seen in osteo-arthritis. The
pearly swelling, on the other hand, seen at the borders of the

encrusting cartilage, is probably secondary, and due to the irritation

of friction between surfaces now roughened, and consisting of

material never designed to bear the movements of the articulation.

Secondary affections Of cartilage.—Secondarily, joint carti-

lage is also otherwise affected in many ways, like other forms of

connective tissue. That is to say, if any powerful irritant be
brought into contact with either its free or attached surface, its

intercellular substance and cells are attacked and destroyed in a
similar way.

Allusion has already been made to the effect of septic matter
within a joint upon its encrusting cartilage, and also to the

consequences of simple suppurative synovitis. The differences

between these, if any, are only those of degree. In both cases a

substance capable of attacking and devitalising the cells and matrix

of the cartilage is brought into contact with the latter. As a

result, the corpuscles are destroyed, and the capsules open towards

the joint, producing little pits upon the surface. Through these

depressions the irritant reaches a deeper layer of " mother capsules,"

producing the same changes in them, until they likewise burst

towards the joint, and the whole cartilage is "honeycombed," even

as far as the underlying bone.

In septic synovitis this process of destruction is usually rapid

and uniform over all the surfaces, which appear as if digested in

some solvent fluid. In syphilitic disease, and in tuberculosis, on the

other hand, where the infection is slower and the irritation localised,

the cartilage is often only pitted with small ulcers, leaving healthy
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tissue between them, or the margins are destroyed at spots

corresponding to the fringes of infected synovial membrane, which
overlap them (Fig. 433).

In the same way the cartilage may be destroyed by irritation

reaching it from below. The process may be rapid or slow, which is

the more common. In a case, for instance, in which a rarefying
non-suppurative osteitis exists in the end of a bone, the inflamed
medulla may press upon the under surface of the cartilage. In this

case the cells of the latter are soon destroyed, as already described,

and the capsules ultimately burst, but this time towards the bone.

The inflamed me-
dulla now enters the

pit thus formed, and
exerts its irritating

effect upon a deeper

layer of cells, causing

in them the same de-

generative changes

as before, with the

same result. Thus
the whole encrust-

ing cartilage may
be tunnelled through
from below, until

the inflamed me-
dulla projects into

the joint in the

form of bosses of

granulations, pro-

jecting through
otherwise healthy

cartilage (Fig. 434).

Masses of the latter

may in this way be cut off all round by granulations, and be at the
same time separated from the bone below by layers of the same
material. In this case flakes of cartilage will be separated and shed
off into the joint, in the form of white chips of varying size. This
exfoliation is, on the whole, not infrequent. All the varieties of

destruction of cartilage alluded to maybe met with in the same joint.

The symptoms of destruction of cartilage, apart from
those of the disease of the joint which lead to it, are few. Objectively,

we have in the degenerative form an unevenness in the movements
of the surfaces one upon the other, or even creaking or grating. In
the acute inflammatory forms alluded to, the painful condition of the

joint will usually prevent all movement, unless the patient be anses-

thetised, in which case the roughened condition of the cartilages

may be made out by gentle flexion and extension, or, perhaps, by
lateral movement. An old criterion of cartilage destruction has
always been a certain " starting " of the limb with acute pain,

i i 2

Fig. 433.—Tubercle attacking the Cartilage of
Surface. (From a Photograph by Prof. Cheyne.)

Joint
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especially when the patient is dropping off to sleep, and there is a
certain amount of value in the sign. The suffering caused by these

sudden involuntary movements of the joint is very great, and the

patient is unable to control them. They are not usually present,

however, until the ulceration has progressed to a considerable

extent. The explanation of the phenomenon is probably this :

cartilage is not a sensitive tissue, but the other structures of the

joint are pre-eminently so. When the former is ulcerated over two
bones at their point of contact, the muscles governing the joint will

involuntarily do all in their power to prevent the inflamed surfaces

from rubbing one against the other, and will keep them firmly fixed

in one position, simple contact of the diseased surfaces producing no
pain. When, however, the muscles become fatigued from time to

time, or the patient is dropping off to sleep, the former relax a little,

and immediately the surfaces

slide one upon the other,

causing sudden pain at the

moment. This leads to reflex

contraction of the muscles

once again, and the spasm
produces acute pain in all the

structures that are diseased.

This symptom of starting

is, however, not invariably

present with all forms of de-

struction of cartilage. In

osteo-ai'thritis it is absent,

also in gout and in Charcot's

disease ; and even in the

acute change which accom-
panies pyaemia it is not a noticeable feature in the destruction of

the cartilage.

The treataisesit of diseases of cartilage has nothing special

about it apart from that of the disease in which it is only a single

factor.

The pa'Ogaaosis, however, in any case where the surfaces of a

joint have been destroyed by acute or chronic inflammation, is always
grave, in the first place often as regards the patient's life, for this

indicates very serious disease, and next as regards the functions of

the articulation. For once the cartilage is destroyed, it is not
replaced by the usual hyaline material which covers the ends of

bones, but by fibrous tissue ; and as this is equally developed on
both surfaces, it forms a bond between the two, which prevents

movement. (See Anchylosis, page 1067.)

Fig. 431.—Destruction of Ortilage by flask-
sliaped Prolongations of Granulation Tissue
from below. (From a Photograph by Prof.
Cheyne.)

JOINT DISEASE COMMENCING IN THE BONES.

In the article on Diseases op Bone (page 873) will be con-

sidered the details of the various morbid processes found in the
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osseous system. "We shall, therefore, in this place only consider the

outlines of the changes as they more particularly affect the joints.

The separate diseases of bones which affect the joints are few,

and excluding the results of injury, the vast majority of them will

come under the heading of either syphilis, tubercle, osteo-arthritis,

or Charcot's disease. There are, of course, others, such as the acute

septic inflammations of the bones, which occasionally play a part

here ; but as a matter of fact, these almost invariably stop short at

the epiphysial lines, and as the latter in most cases lie outside the

capsule of the articulations, the chance of their invading the joints

is small.

Syphilitic disease.— This disease, as it affects the ends of

the bones entering into the structure of joints, is usually a

question of a growing gumma (see Fig. 82, page 408), which
spreads through the articular cartilage, just as in other cases it

advances through the skin, and finally gives way on its surface.

In such a case, if we examine the bone we find the syphilitic granu-

loma in the cancellous tissue of its end presenting very much the

appearance of inflamed medulla. This may or may not be under-

going caseous change in one or other spot. The bone around is

rarefied in most cases, but sometimes sclerosed if the process be
more chronic. The cartilage around the borders of the gumma is

normal, unless where undermined, when it is yellow or grey and
shreddy.

Tertiary disease of the end of a bone may also affect the

joint when it takes on the form of a chronic osteitis, with the

formation of osteophytes projecting more or less into the joint ; or a

syphilitic sclerosing osteitis may gradually lead to the formation of

sequestra, which may work their way into the cavity of the

articulation, and set up there a disorganising inflammation.

The diagnosis of these conditions is not difficult, resting as it

does upon the recognition of the constitutional condition, and a

comparison of the local symptoms with those of the other possible

affections of the joint. There will also in many cases be evidence

of local syphilis elsewhere, in the form of scars and nodes, interstitial

keratitis, or stunted teeth.

The treatment is that of syphilis in its most advanced stages,

and it is only necessary to emphasise the fact that here it is of quite

as much importance to attend to diet and everything which will

improve the general nutrition of the body, as to give the usual

specific remedies of syphilis, such as iodide of potassium and
mercury, inasmuch as the varieties of this disease, which reach

the joints as above described, are associated, as a rule, with great

debility, and probably depend in a large measure upon it for their

extremely destructive characters.

Tuberculous disease commencing in the bones entering

into the composition of joints is, perhaps, the commonest of all the

affections of these structures, and seems to be especially so in England.

(See page 879.) It is frequently a primary affection, appearing in
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the ends of the bones quite independently of any other infection
of the system which we can detect by our present methods of

diagnosis. It is, of course, also at times a secondary affection, in
many cases appearing in the joints after a wider distribution
through the system. Attempts have been made to estimate the
relative frequency of primary and secondary tuberculous, bone
disease, but so far they have failed, and in the nature of things
they are likely to fail for some time to come. "When tuber-
culous disease attacks the ends of bones it most usually has its

first seat in or about the epiphysial line, where there is much young
growing tissue (Fig. 436). This form of disease is often referred to
as "tuberculous epiphysitis," a name which has a certain amount
of convenience, and which may be employed with the proviso that
it be understood that the affection starts rather at the junction of
the epiphysis and diaphysis than in the actual epiphysis itself,

although it has a tendency in most cases to spread into the latter.

But tubercu-

lous disease

may also start

in the end of a
bone under the

encrusting car-

tilage, where
there is also a

quantity of

young embry-
onic tissue,

peculiarly vul-

nerable to this

specific infec-

tion. In either case, the morbid process consists in an infection of the

medullary tissue with the bacillus tuberculosis, which soon excites in

the latter a low form of inflammation, characterised by cell multi-

plication round certain centres, until nodules of soft granulation are

formed, which, as they increase at the periphery, undergo degenera-

tive changes towards their centre (Fig. 437). This process may extend
from the epiphysial line or under the encrusting cartilage through
the latter, and so invade the whole joint in all its parts. But it

must not be forgotten that it may also extend in a lateral direction

altogether, and though very close to the joint surfaces, may never

penetrate through them, but may open on the surface of the limb

hard by, leaving the joint proper intact (Fig. 435).

Limbs have over and over again been removed under the im-

pression, on the part of the surgeon, that the joint was gravely

affected because sinuses ran down from the surface almost into

it, when it has been found afterwards that the joint proper was
in no wise involved, and that the focus of disease might have
been reached without any interference with its surfaces. On the

other hand, we must remember that chronic tuberculous disease

Fig. 435.—Metacarpal Bone, with tuberculous sequestrum in centre,
cut off from tbe inflamed bone by granulations. The tbickeninej
of the periosteum over the inflamed area is well seen, but botb
joint surfaces are free. (Prom a Photograph by Prof. Chejne.)
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is frequently so quiet in its progress, that it may have passed from the

bone through the cartilage and extensively invaded the joint cavity,

without having produced much disturbance in the latter. In such

a case we often find that there are bosses of tuberculous granulations

projecting through holes in the cartilage from below (Fig. 434),

where the chief centres of disease lie, while the cartilage itself, on the

rest of its surface, seems quite unaffected, and the synovial mem-
brane almost or entirely healthy. In other instances, when such an
invasion of the joint takes place from the bones, the granulation, once

having entered the joint, spreads rapidly over its surfaces, and
commences at once to attack the cartilages on their free surfaces as

Fig. 436.—Focus of Tuberculous Disease in the lower Epiphysis of the Femur. (From a
Photograph by Prof. Cheyue.)

well as the synovial membrane. This is only seen where the infection

is more of the acute and rapidly progressive character, indicating

virulence in the poison, and great vulnerability of the individual.

{See also page 1047.)

The symptoms of tuberculous disease in the ends of bones,

taken with the patient's past history, are usually easily recognisable.

In the first place, the age of the individual will guide us somewhat,

the affection being met with mostly at the two extremes of life. We
have, besides, frequently, though not always, a history of injury, and

often of a plain hereditary predisposition to guide us. The subjective

evidence as to the local complaint is usually clear : there is stiffness

and tenderness of the part, with pain felt chiefly at night, and of a

gnawing character. Gentle percussion with the finger over the end

of the bone will often show the spot at which the process is most

marked, or, indeed, discover it when otherwise doubtful. Objectively,

we see swelling in and often a trace of oedema over the end of the

bone increasing its bulk considerably, and, as the disease advances,
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often a doughy area where caseation of the tuberculous material

is in progress. The colour of the skin is rarely altered, but
the veins may be more than usually evident. When the surfaces

of the joint are affected we have its position altered, the patient

putting it in that which gives the greatest ease. If allowed to run

on without suitable treatment, abscesses will often form, and sinuses

when the latter burst, after which the condition of the end of the

bone can be easily made out as a rule with probe or finger.

The treatment, constitutionally, is that of tubercle generally

—

i.e. everything which may improve the general nutrition of the body,

in the form of good food and fresh air, tonics, and warm clothing

(page 359). Locally, the chief thing at the outset is rest, with counter-

irritation in the

form of blisters and
tincture of iodine.

Later, when it is

quite evident that

the process is in-

creasing, we cannot

do better than cut

down upon the focus

of disease in the end
of the bone, and re-

move it by the gouge
or chisel. If this be

done at a compara-
tively early stage, we
have the comfortable

assurance that it may
prevent invasion of

the joint, and, if

carefully carried out,

such an operation ought to be followed by union by first intention.

And even where extensive abscesses have formed in connection with
such disease in the ends of the bones, we must be cautious in as-

suming that the joint proper is affected, and must proceed with the

utmost caution, so as by all means to avoid interfering with the

latter. It is very striking how much may be done in many ap-

parently unfavourable cases in this direction, and our aim should be
here, as in all tubercular diseases, to go to all lengths in the direc-

tion of conservative surgery compatible with proper eradication of

local foci.

The prognosis of tuberculous disease of the ends of bones is

favourable, on the whole, if the affection is seen and treated with
or without operation fairly early in patients not altogether too debili-

tated, and we must never forget the strong tendency there is in all

young subjects of tolerable physique to shake off tubercle if only

the local and general powers are placed under favourable conditions.

Charcot's disease.—The degenerative changes of osteo-arthritis

Pig. 437.—Focus of Tuberculous Disease in Bone. (From a
Photograph by Prof. Cheyne.)
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and of Charcot's disease are, as has already been pointed out (page

1051), followed in some cases by hyperplastic processes in those areas

of the bone bordering on the part actually breaking down. These
manifest themselves in the first place usually as a rarefying osteitis,

which softens the osseous tissue about the joint to such an extent that

it is capable of moulding itself into various altered shapes, depending
upon the movements of the bone resting against it. In other cases

the hyperplasia assumes the bone-forming type, and masses of new
osseous tissue are thrown out, especially round the borders of the

articulation, until its movements are seriously interfered with.

(See page 701.) Again, there may be in either of these diseases a
certain amount of sclerosing osteitis at one or other of the limits of

the degenerative process, by which the breaking down of the end
of the bone is arrested. Thus we may have the three well-known
forms of bone inflammation in different stages of the same affection,

that is the "rarefying," "bone-forming," and "sclerosing" osteitis.

This simply means that these processes are only due to varieties in

the amount and quality of the hypersemia present.

Acute epiphysitis.—There is a group of acute affections of the

ends of the bones in very young children, which, as they may
simulate or actually lead to joint disease, require a few words of

notice here, although properly coming under the heading of diseases

of the bones. (See page 883.)

Mr. Thomas Smith in a series of twenty-two cases shows that

eight occurred in the first month of life, nineteen within the first

six months, and three more within the first year.

The aetiology of these cases is still obscure, but there seems to be

a considerable amount of evidence in favour of the view that in the

majority of cases, at all events, the affection is due to septic in-

fection through the sloughing remains of the umbilical cord. As a

determining cause it is possible that injury plays a part by lower-

ing the vitality of the epiphysial tissues. Such an injury may be

received in utero or during labour, either from the natural efforts

of the uterus or from instrumental delivery. But be this as it

may, the disease in all its features is one of septic infection.

Symptoms.—The disease is characterised by the rapid develop-

ment of inflammation at the lines of growth of the diaphysis and
epiphysis, often within a few days of birth. This has a great ten-

dency to run on rapidly to suppuration, the pus making its way
either directly through the end of the bone into the joint, or more
frequently extending across the whole plane of the epiphysis, and
separating the latter from the diaphysis, finally bursting the peri-

osteum laterally. Again, it may run up the shaft more or less.

When it escapes laterally under the periosteum, it depends, of

course, upon the relation of the epiphysis to the capsule, whether
the pus shall make its way into the latter or not. In the hip, for

instance, the joint is inevitably involved, while in the case of the

knee the pus may escape without entering the articulation.

When the joint is invaded, rapid solution of all the cartilages is

I i *
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usually the result, the bone, too, in many cases, suffering severely.

In other cases the capsule ruptures early, and the pus discharges

through the skin for a time, and finally the whole process subsides.

And from the fact that the movements of the part are restored,

we are forced to the conclusion that the surfaces have not become
extensively diseased. The rapidity with which the pus forms in

such instances is remarkable, but the possibilities of repair after it

has been evacuated are even more so. Thus in some cases where
the affection has run a rapid course, and the pus has been drained
off early, the patient may recover with an excellent joint, with all

its movements free, or even with increased mobility in others,

though usually with shortening of the limb from interference with
the growth of the epiphysis.

As in the syphilitic and tuberculous form of epiphysial disease, this

affection will be found most often in those bones in which growth is

most rapid. Thus in the series just alluded to, in those which proved
fatal, out of twenty-two joints affected in thirteen infants, the hip

was the seat of the disease in ten, the knee five times, the shoulder

four, the elbow, ankle and sacro-iliac joints each once. Of those

nine cases which recovered, out of twelve joints affected there were
five knees, three hips, two elbows, one shoulder, and one ankle.

This rough estimate in a limited number of cases is probably nearly

what would be found to be correct in a larger number.
Subacute epiphysitis is, as a rule, either of tuberculous or syphili-

tic origin, and as far as the first variety is concerned, requires no
further description here after what has been already said upon the

subject above (page 1062).

But as regards the syphilitic forms of the affection, a few words
may be added to what has been prefaced. This affection has re-

cently been studied very closely. The disease may be the result of

either hereditary syphilis or that acquired within the first few
years of childhood. It consists in an inflammation of the epiphysial

lines, chiefly of the long bones, producing separation in many cases

of the end from the shaft, demonstrable either before or after death.

This may be accompanied by the formation of abscesses with ex-

ternal sinuses, or may run its whole course even to great swelling of

the ends of the bones and separation with abscess, and yet be re-

covered from in a short time. The inflammation is regarded by
Wegner as secondary to the calcification, to a large extent, of the

epiphysial cartilage, due to the irritation of the syphilitic poison, such

calcification going on faster than the usual vascularisation, the

earthy matter acting as a foreign body and thus leading to inflam-

mation. Ranvier, on the other hand, regards the inflammation as

primary in the growing line, and produced by the irritant of the

syphilitic poison upon the growing vascular tissue. But one cannot

avoid the thought that in these cases, although the patients

are undoubtedly infected with syphilis, perhaps the affection of

the epiphysis may after all be independent of the specific poison of

that disease, and be due simply to one or other of the ordinary septic
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processes, attacking those whose vitality is seriously lowered by
the constitutional disease—in other words, it may be a mixed
infection.

A very remarkable characteristic of this form of bone disease is

the possibility of complete recovery of the joint when the inflammatory
products have been thoroughly and early let out.

ANCHYLOSIS OF JOINTS.

Varieties.—In all joints whose surfaces have been altered by
inflammation the movements may become limited to any degree after

the subsidence of the process, and as a con-

sequence of it. This limitation ofmovement
will vary from trifling stiffness to actual

suspension of all motion. In the milder

cases the difficulty in moving the joint is

usually due to disuse, and to plastic exu-

dation into the peri-articular structures, the

surfaces remaining intact. But in the more
marked cases the latter are more or less

modified, and their free play one over the

other is permanently impaired. This may
be due either to actual adhesions of the

articular ends of the bones to one another,

or to parts of the capsular structures, against

which they ought to play freely under
normal conditions. In the latter case the

movements are usually only limited to a

moderate extent, and often not permanently,

but in the former the interference with
motion is usually very decided and perma-
nent. Here we have the encrusting carti-

lages more or less altered or destroyed, and
their place taken by plastic material, which
has organised either into fibrous tissue or

bone (Fig. 438). In either case, we speak

of the joint being anchylosed, and divide Fig. 438.—Bony Anchylosis of

,i !•,• • , J2T. ii i the Knee Joint in the best
the condition into fibrous and bony ancfiy- possible Position. (From
Josis Univ. College Museum.)

The first of these conditions usually

results from removal of the superficial layers of the encrusting

cartilage by ulceration, but may follow the complete destruction of

the latter, while bony anchylosis or synostosis invariably implies

the removal of the cartilages to such an extent, that bone comes into

contact with bone, and in many cases it is the result of destruction

of the actual bony surfaces, as well as the cartilages.

Treatment.—It is important to bear all these distinctions in mind
in cases in which stiffness follows upon inflammatory joint affections.

For it is quite plain that measures which would be quite proper for

ii*2
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restoring movement in the one case would be highly improper in the

other. For instance, the stiffness, the result of disuse and some peri-

articular exudation, can usually be soon overcome by regular passive

movement and massage, followed by active use. This would be
quite inadequate where there was much adhesion between the ends
of the bones and the inner surfaces of the capsular structures. Here
forced movements of flexion and extension are necessary, as a rule,

under an anaesthetic, in order to tear through the recent adhesions

and allow the unaltered cartilaginous surfaces to play freely. But
such forced flexion and extension would be quite improper where
there was actual fibrous adhesion between bones deprived of their

natural smooth coverings. In the first place, the bond of union would
be very strong, following, as it necessarily would do, upon a very severe

destructive inflammation, and to tear it across would require very

great force, which would be often sufficient to fracture the bones
atrophied already by disuse, rather than break the bond of union.

And, again, if the latter did give way, the surfaces left would be but
raw fibrous material, unsuited to the movements of a joint and quite

unlike the normal cartilage, and ever ready to unite again, as all

raw surfaces are when in close apposition, as these would be. I

have seen disaster follow where good fibrous anchylosis following

upon destructive inflammation of the surfaces of a joint has been
taken in hand by a bone-setter and treated in the usual way by very

forcible passive movements, with the object of restoring its functions:

suppuration has followed with the loss of the joint. And, if the band
of union were bony, no fresh joint could be formed, and the line of

fracture would be just as likely to lie outside the joint line as in it.

NEOPLASMS OF JOINTS.

Strictly speaking, the joints are rarely the seat of neoplastic

tumours : that is to say, the structures actually forming the

articulation are infrequently the starting-point of new growths.

When such are found in joints, they have almost invariably only

invaded them in a secondary way. Thus we find in some cases that

an osteosarcoma starting in the head of a bone may ultimately

spread towards its cartilaginous covering, and may stretch and
distort the latter, but rarely perforate it. The same may be said

of the other forms of sarcoma and chondroma growing from the

bones and periosteum, and even indeed of those which start in the

soft parts near joints.

But growths having their initial lesion in either the encrusting

cartilage or the synovial membrane are almost unknown. The
hypertrophy of the synovial fringes, either as the result of tuber-

culous irritation or the development in them of small masses of

fibrous or hyaline cartilage from remnants of the same structures

dating from the embryo period, might possibly be held to be an
exception to this rule, but the question is whether these ought

to be spoken of as neoplasms at all. Be this as it may, they are
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non-malignant and call for no more detailed consideration in

this place.

Carcinoma is, even as a secondary affection of joints, one of the
rarest of diseases. Of course, when an articulation is secondarily

involved in the growth of either a sarcoma or carcinoma, the interest

in the joint is merged in the more general question regarding the

neoplasm, and becomes altogether subordinate to the latter. In
these cases it is a question of saving life, and this can only be done
in almost every instance of the kind by the sacrifice of the joint.

CystS in and about joints.—These are few in number, and
are almost invariably connected with the synovial sacs in or about
the articulation. At the same time, we must recognise the fact that

no part of the body appears to have immunity from invasion by the

cysticercus but this; the true hydatid must be very rare as a disease

of joints.

Seat.—The commonest forms of synovial cysts of the kind in

question are those consisting of simple dilatation of normal bursa? from
excessive secretion. Such bursa? exist in abundance in the neighbour-

hood of many joints, and are affected by the same causes of disease as

the latter. The commonest seat, as we find them, is in the front of

the hip joint, where the bursa under the common tendon of the psoas

and iliacus tendons may be enlarged, the back of the knee, where
the bursa between the semi-membranosus tendon and the head of the

gastrocnemius is distended, or the inner aspect of the same joint, in

which case the synovial sacs connected with the inner hamstring

tendons are affected. Again, the bursa just above the insertion of

the ligamentum patella? may become enlarged. Finalby, the proper

bursa? patellae may be affected in various ways. The ankle, shoulder,

elbow, and wrist are also surrounded with bursa? and tendon sheaths,

any of which may become distended.

./Etiology.—The cause of enlargement may be of at least three

kinds. It may be due to hyper-secretion, the result of hyperemia,
resulting from simple local mechanical irritation, as, for instance, the

pressure of kneeling on the bursa? patella? ; or it may be due to hyper-

plasia and hyper-secretion, resulting from tuberculous irritation ; or it

may be due to increased secretion, depending upon the presence in

the blood of deleterious matters of various kinds. This is as much as

to say that the commonest forms of bursal enlargement are all due to

one or other species of synovitis.

It must not be forgotten, too, that occasionally pouches of the

normal synovial membrane of joints are formed, which protrude

through the capsular structures, and show themselves as cystic

structures on one or other aspects of the articulation. These are not

infrequently mistaken for independent cysts, and are only recognised

as connected with the joint when they have been opened. This

error is not so serious now as in the days before complete aseptic

operation was understood. But even now it is at times a grave

one to make.

Symptoms.—Most of these cysts offer, as a rule, but little
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difficulty in diagnosis. The slow growth and position at once suggest

their origin. The total absence of all the signs of active inflammation
distinguishes them at once from abscesses, and the only condition they
are likely to be confounded with is a soft new growth. Such growths,

however, are not common in the neighbourhood of joints, and, as a
rule, are much more rapidly formed than the cysts in question. They
will also be found in some cases, where very vascular, to pulsate,

whereas the cysts are quite free from this symptom. Fatty tumours
are sometimes difficult to distinguish from these cystic swellings when
seated in the flexures of joints, but their lobulated outline, and the
fact that they are movable under the skin in all attitudes of the

joint, serve to distinguish them from the bursal tumours, which are

less sharply defined, and in some positions of the joint are firmly fixed.

The treatment of these cysts is either palliative or radical.

Sometimes they will become reduced in size under the action of

blisters or discutients, such as iodine, combined with strapping or

bandaging, and this should always be tried first. But when this

course fails, they may be aspirated and strapped, and may not refill.

Both these methods of treatment, however, fail in a large proportion

of cases, and nothing is left but their careful extirpation by the

knife. This is done with great care, so as to secure perfect asepsis

and primary union of the whole wound. An incision is made, so as

to expose the cyst, and this is carefully isolated by dissection in the

loose areolar tissue lying outside the fibrous investment of the cyst.

The latter is now separated all round and gradually drawn out of

the wound, if possible, unruptured. Many of these structures can
thus be removed as a whole, but in some cases the capsule is very
thin and bursts, or can only be followed a certain way among the

tendons, and has to be removed incompletely. This, however, will

be enough in many cases to effect a cure, for the cicatrisation of the

residuum may be counted on. This treatment by excision is suitable

to all the cysts in connection with joints, and, properly performed,

offers the best prospect of a permanent cure with the minimum of

risk.

Loose bodies in joints.-—Reference has already been frequently

made in the foregoing pages to what are known as " loose bodies " in

joints, and it becomes necessary now to examine more particularly

into their clinical history, varieties, and treatment.

CEas'sica! Isistory*—Not infrequently patients, otherwise in ex-

cellent health, are suddenly seized with violent pain in a joint, and
are immediately unable to move it in any direction. This comes on
visually while the joint is being moved from the attitude of greatest

relaxation to that of extension. The pain is excruciating, and sufficient,

in many cases, to produce faintness, followed by vomiting. The
articulation becomes suddenly fixed, and is kept so by the involuntary

action of the muscles on guard against any further movement. In
most cases the part appears at first perfectly normal, but sooner or

latei', after such an attack, it is affected with acute or subacute

synovitis. (See page 1033.) Later, on the subsidence of the latter.
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movement is again restored, and the function may be as perfect as

before, until a similar attack, like the first in every way, comes on.

When a patient with such a history presents himself, one of two
hypotheses at once suggests itself. Either the joint is the seat of a
"loose body," or, as in the case of the knee, some part of the normal
capsular appendages has become loose and has got nipped between
the bones in their movement from flexion to extension. In the first

case there is some mass within the articulation capable of moving
about more or less freely between the bones, either attached by a

pedicle or actually separated from all connection with surrounding
structures, and capable of slipping to any part of the cavity. In the

second instance, one or other of the semi-lunar cartilages is loosened

at its capsular attachment, and moves in between the joint surfaces

proper (Fig. 420). As a consequence of either of these two accidents

a great strain is put upon the lateral ligaments as the limb is brought
into the straight position, the long leverage of the bone with the

foreign body as its fulcrum forcing the attachments of the ligaments

apart. (See gage 1015.)

The diagnosis between these two conditions is sometimes a

matter of considerable difficulty. When the attack is due to a loose

body of any size, however, the latter may often be felt by the patient or

surgeon when the synovitis has subsided. In the knee it may be made
out with the fingers, slipping about usually in one of the pouches

above the patella, as a round or nodulated body, from the size of a pea
to that of a filbert. It is usually very difficult to restrain, and while

manipulated will often pass with a slip into some part of the joint in

which it can no longer be felt by either the patient or surgeon.

Flexion and extension will often again dislodge it and bring it within

reach of the fingers, but not always ; and it may be lost, so to speak,

for days or weeks, only giving evidence of its presence at last by a

fresh attack like the first.

When a semi-lunar cartilage, on the other hand, becomes loosened

from its capsular attachments, and moves in between the femur and
tibia, although the symptoms are very much the same as in the

other case, no projecting body can be felt at any time, but on the

contrary a depression may be discovered by careful comparison with

the opposite side just above the articular border of the tibia. The
patient's sensations may also guide us in some cases. He may be

conscious of something moving about in the joint, even before he is

able to localise the loose body with his fingers, and when there is no
pain to guide him.

Varieties.—There are several varieties of loose bodies now recog-

nised. They may consist either of hyaline cartilage, of fibro-cartilage,

of bone, or of fibrinous material. The first two forms are derived from

the synovial fringes of the joint, and are produced, as a rule, from
remnants of embryonic tissue which have been left behind, as it

were, in the development of the sac. Later, these remnants of

embryonic tissue have grown with stored-up energy, and have formed

more or less pendulous tags projecting into the joint. In this state
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they may remain for an indefinite time, or become detached and
float loose in the joint. Similar pendulous tags may be formed in

the synovial fringes by any form of chronic inflammation, and are

doubtless in some cases tuberculous. The bony masses, on the other

hand, are sometimes produced from nodules at the borders of the

bones due to rheumatoid arthritis (page 1053), which have broken off

and been set free. Again, they may be derived from the actual normal
surfaces of the joint by injury, a fragment being chipped off, show-

ing on one surface the line of fracture and on the other the normal
encrusting cartilage. Finally, they may be produced from the sur-

faces of the articulation by a process of what has been described as
" quiet necrosis," that is, the separation of a fragment of sclerosed

bone from that underlying it by a rarefactive process like that of

rarefactive osteitis, but unaccompanied by any suppuration. (See

page 887.) The fibrinous bodies are probably formed from the fibrin

of blood extravasated into the joint, as the result of injury, and rolled

into pellets by the movement of its surfaces.

The treatment of any or all of these loose bodies is practically

the same in most cases.

Sometimes they will form adhesions for themselves in some part

of the synovial pouches out of the way of any particular pressure,

and if so give rise to little or no inconvenience. This adhesion may
be encouraged by bandaging the joint firmly when the loose body is

giving no trouble, and is, therefore, presumably out of the way. If

such a bandage, preferably an elastic one, be worn for a long period,

the final fixation of the body may be accomplished and a more or

less permanent cure result.

But these methods are very uncertain, and the patient has, as a

rule, no time sufficient to give them a fair trial. Fortunately, in

these days of aseptic surgery the risks of removing these bodies once

and for all from the joint are very small, and this is the course

which is approved by most modern surgeons. The foreign body is

simply fixed in one of the lateral synovial pouches by the finger and
thumb of the operator, and a bold stroke is made through all the

structures with a knife until it is reached. As a rule, it will then

slip out easily through the wound, aided, perhaps, by a little extra

pressure with the finger and thumb. Sometimes several loose bodies

may be thus squeezed out of the same opening. It should be a rule,

however, with all operators never to make an incision into a joint

to remove a loose body unless the latter can be felt and held in

situ. If this is not adhered to, it may be impossible after the

opening is made to find the foreign body at all. Again, there

are cases in which, though the hard mass may appear to move
freely about, it may be really pedunculated, and may not slip out

readily on the incision being made. In this extremity it must be

carefully seized in forceps, and its pedicle must be divided carefully

with scissors. It is better in all cases to avoid putting the fingers

into the joint, or indeed anything that can be avoided, lest the

cavity be infected
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When the body or bodies have been removed, the opening should

be accurately closed from end to end, all excess of synovium having
first been sqiieezed out. No drainage is required in cases operated

on with strict asepsis.

The treatment of loose semi-lunar cartilage which has slipped in

between the surfaces of tibia and femur is not so easy a matter as in

the last case. Sometimes, it is true, we may achieve a practical cure

by rest and careful support of the joint for long periods, while at

the same time the patient is generally strengthened by tonics and
fresh air, and the joint locally by cold douches. For it is a well-known
fact that this displacement is usually met with in aneemic individuals

of slack fibre. But these means are frequently inadequate to prevent

recurrence of the condition, and with each recurrence the tendency
to the reproduction of the trouble is greater. Indeed, in some in-

stances where one of the semi-lunar cartilages has slipped bodily in

between the condyles and lies crumpled up there, as was the case

in the joint from which Fig. 420 is drawn, nothing short of opening

the joint and readjusting the cartilage would have any chance of

success. But even in less marked instances of displacement the fre-

quent recurrence of pain and synovitis in spite of supports of various

kinds is often felt by the patient to justify him in running the small

risk of having the fibro-cartilage secured in its normal position by
operation. When the latter is determined on, of course every pre-

caution is taken to secure perfect asepsis round the field of operation.

The patient is also kept at rest for some days, especially if traces

of synovitis remain from one of the attacks. Indeed, until all

trace of the latter has gone, no operation should be undertaken.

Then an incision running obliquely across the line of the displaced

body is made through all the structures overlying its outer border.

When this is exposed it is caught up with three or four stitches, and
secured to the capsule of the joint in its normal position. If it be

totally displaced, it is necessary to open the joint more freely, then,

by alternate flexion and extension, the crumpled cartilage may be

brought into its normal position, and be secured as just described.

No drainage is required, and the skin wound is completely closed

by sutures at once, the limb being put up on a back-splint until

healing is complete.

HAEMOPHILIA AFFECTING JOINTS.

Hsemophilia, for the detailed description of which the reader is

referred to page 376, is, without doubt, at times the cause of serious

joint disease. When affecting the joints, it is seen in the form of

effusion of a large amount of blood into the synovial sac following

injuries to the part, often of a very trifling character. The first effect

of this effusion is simple distension of the pouches of the joint with
blood, the symptoms of which have already been considered. (See

Hsemarthrus, page 1034). Certain secondary changes, however, are

also observed in some cases, at all events, which may interfere with
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the functions of the articulation permanently. These are subacute in-

flammations of the synovial membrane and cartilage, leading to their

degeneration. The synovial membrane, in other words, becomes
thickened and roughened by exudation under the irritation of the

clotted blood, part of which becomes apparently organised. The
cartilage, too, becomes fibrillated and roughened, and is thus thinned
until, in some cases, the underlying bone is exposed. If, in these

circumstances, the clot and exudation become organised, adhesions

are formed which seriously interfere with the movements of the

articulation.

The symjytoms of the condition are common to those of effusion

into the joint of blood from any cause (see Hsemarthrus, page 1034),

and the sequelae are the same.

The treatment consists in cold applications in the first place, and
subsequently of strapping or elastic support of the whole joint with
elastic bandages. Combined with this, massage may do much good
in helping to remove the clot. On no account oiight any operation

—

not even aspiration—be done for the removal of the latter.

The prog7iosis in ordinary cases, as far as the joint is concerned,

is good, but as to the general condition, we know of no treatment

that cures it.

NEURALGIA OF JOINTS.

Like other highly-sensitive parts of the body, joints are occa-

sionally, though on the whole rarely, the seat of real pain that

does not appear to be associated with any tangible structural lesion.

The exact pathology of the phenomenon is still unknown. Whether
it be due to some alteration in the peripheral portion of the nerves

of the part themselves, or to morbid conditions in the central nervous

system, will probably for a long time be a moot point. But
without attempting to settle this question, we may now consider the

clinical facts relating to these neuralgias, and contrast them with

those recognised as factors in true structural change.

Symptoms.—These pains are usually noticed in joints which at

one time or another have received some injury, such as a strain or a

blow, but which have recovered all their functions completely. They
are mostly of a keen, sharp character, or are described as "burning."

They are not associated with any throbbing or sense of heat actually

in the part, nor is the local temperature found to be altered.

Occasionally the pain is lancinating, being intermittent ; sometimes

it is continuous. It is generally met with in those who for one

reason or another have run down and become anaemic, and is most
felt towards evening after the work of the day has used up the

patient's surplus energy. Again, the pain is often most severe

during bad weather, which depresses the vital energy. Patients

affected by these pains are often hereditarily neurotic, and have

been lately through the same experiences which lead up to the ner-

vous mimicry of joint disease. (See page 381.) They differ, however,
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from the latter class of patients, inasmuch as they are real sufferers

from a distinct pain which is anything but imaginary.
The condition is distinguished from structural change by the

absence of all objective signs of disease in the joint, such as swelling,

heat, altered colour, or deformity, and by the character of the suffer-

ing. Such patients, too, will use the joint affected as well as the
other, and even may experience a sense of relief in so doing. After
rest of the whole body, however, the pain is usually relieved, as also

after the enjoyment of food and sleep.

Treatment.—The treatment of this neuralgia will be general and
local. In the first place every means must be adopted to strengthen
the whole body. All exhausting work must be given up, and the
patient must take abundance of sleep and regular exercise in fresh

air, with plenty of suitable digestible food. Stimulants are to be
avoided, but tonic medicines, especially nux vomica and iron, will do
much to assist the digestion and restore general tone.

Locally, blisters or rubefacients are useful. But in many cases

nothing is so efficacious as the application of the actual cautery in

the form of the hot button over the seat of pain. The part should

also be protected against exposure to extremes, either of heat or of

cold, by coverings of flannel or wool. Friction with liniments con-

taining chloroform and belladonna is often efficacious. In many
cases, too, a regular course of massage may be recommended where
other means fail.

AFFECTIONS OF THE HIP JOINT.

This joint claims our first attention, not only on account of its

size and importance for progression, but also on account of the

frequency with which it is the seat of disease.

Simple acute synovitis of the hip.—This simplest form of

acute disease is not as common, however, here as in other joints,

owing to the fact that the articulation is protected, in a measure,

against external influences by its great depth among the muscles.

Nevertheless, it is occasionally seen in its purest form as the result

of overstrain or exposure.

Symptoms.—The subjective symptoms are heat and stiffness,

followed by throbbing pain, referred to the joint itself, and also to

the knee. This latter symptom is explained by the connection between

the two joints through the obturator nerve. Tenderness and pain are

most marked over the front and back of the joint, and cause limping-

very early, and, later, complete inability to use the limb.

Objectively, swelling is also noticed in two situations

—

i.e. over

the front and back of the capsule—and is due partly to effusion

into the synovial sac, and partly to oedema. Redness is rarely seen,

on account of the depth of the part beneath the surface. Next
to this, the most striking symptom is the position of the thigh.

If the patient be young, and the inflammation recent, strong

flexion, abduction, and eversion will be present. The causes of
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this displacement are the following :—In the first place, we must
remember that the synovial membrane is now inflamed, swollen, and
tender, and that hyper-secretion is taking place. In the fully

extended position of the limb the parts of the capsule and ligaments

most on the stretch are those on the anterior aspect of the limb. In

the inflamed condition, these parts of the capsular structures are most
in need of relaxation. As
a consequence, the patient

involuntarily relaxes the

front of the capsule by
flexion, in order to relieve

the pain. As the Y-liga-

ment is in close relation

to the anterior part of the

joint, it also requires to be
relaxed in all its parts, as

a whole, by flexion, its

inner arm by eversion, and
its outer by abduction.

The posterior part of the

capsule being thin and
loose, yields readily to these

movements, until the ten-

sion is distributed evenly

all over the capsular struc-

tures, when further dis-

placement is unnecessary.

In short, the patient places

the limb involuntarily in

the position of the greatest

ease for himself, and thus

it is fixed by the muscles,

so that no rubbing of the

surfaces may increase the

suffering. (See Fig. 443.)

That this position of

the limb is assumed in

order to reduce the strain

upon inflamed parts, and
not, as was formerly thought, as the result of* reflex irritation

of muscles, is shown to be almost certain by experiments on the

dead body. Figs. 439 and 440 are from photographs of the body of a

child with healthy hip joints. Into one of the latter (right) I in-

jected water with a screw-piston through a hole bored in the

pubic bone. As the water was forced into the joint the thigh

rose steadily into the position of flexion, abduction, and eversion

(Fig. 439), and when the water was allowed to flow out again the

limb returned to its normal position. In this case, of course, the

distending force was felt on all aspects of the joint alike, but the

Fig. 439.—Position of Hip Joint when forcibly dis-
tended with. Water.
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looser posterior part yielded first, the strong anterior unyielding

portion could only be relaxed by flexion, abduction, and eversion.

The only difference between what takes place in this case after death

and when the oint is inflamed during life is that, in the latter case,

the patient relaxes the painful parts, while in the former the

distension is the mechanical cause of the relaxation of the Y-ligament
and capsule. The principle

is the same, and explains the

whole phenomenon without
invoking reflexes. This ex-

periment was originally made
by Bonnet many years ago,

but its correct interpretation

was not forthcoming for a

long time afterwards.

A patient in this condition

will generally lie upon the

affected side, with the leg

flexed upon the thigh ; but,

if placed upright, he will

lower the sole of the foot,

and rest it on the ground.

This necessitates his tilting

the pelvis downwards and
forwards on the affected side

to make up for raising of the

leg, due to the flexion and
abduction of the thigh. In
this position, if the pain be

great, he will probably rest

his hand upon the affected

thigh just above the knee,

with the double object of

steadying the limb and of

throwing the weight of the

body directly upon the leg,

without the interposition of

the hip. If placed upon his back in bed, he will probably support

the limb with his hands in the flexed attitude. From this, where
the pain is even slight, no force will move it, and any attempt to

bring the knee down to the bed will be followed by much arching of

the pelvis, but no alteration of the angle of the latter with the axis

of the femur, whether the angle of flexion or abduction. It may, of

course, in many cases be brought parallel with its fellow, but only

by movement of the pelvis downwards on the affected side. This

gives the whole limb the appearance of being lengthened, which is

deceptive, but ought never to mislead the experienced surgeon.

The treatment of simple acute synovitis has already been

considered (page 1034), and need not detain us here. It is only

f
S:-

Fiij. 440.—Position of Hip Joint when forcibly dis

tended with Water.
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necessary to consider now how it can be best applied to the hip

joint.

Rest, which is the great desideratum, is best carried out in this

case by confinement to bed, and extension of the limb by weight and
pulley. The latter may be attached to the leg, either by means of a

well-padded leather collar or, better still, by strips of plaster running
from the knee to the ankle. This distributes the strain over the

whole leg, and is less likely to be followed by pressure ulcers, etc.

The action of continuous extension is to tire out the muscles and
steady the limb, and under its influence the flexed and abducted
thigh may often be brought into a straight line in a day or two.

But it ought to be continued for a much longer time, as a rule,

otherwise the old position will be soon resumed. If for any
special reason it be considered undesirable to confine such a patient

to bed for longer, the weight extension may be replaced by a Thomas's
splint, single or double. The latter (Fig. 450) is to be preferred, as

giving much more thorough fixation to the joint, and correcting the

flexion and abduction much more efficiently. In such a splint a

child can be carried about without any disturbance of the limb, and
may enjoy all the benefits of fresh air and change. It is also much
easier to provide for all the exigencies of defalcation and micturition

with such an appliance than with any other known to me.

No attempt forcibly to bring down the limb to a straight line

at once under chloroform should ever be made, as the strain on the

inflamed parts thus brought about is only productive of evil ; it should

be gradually straightened.

Local depletion with leeches, and the use of hot fomentations can

also be carried out in such early simple cases with much advantage.

And it should always be borne in mind that in unhealthy children

and adults any attack of simple synovitis, if neglected, is apt to be

followed by the tubercular form of disease. In all debilitated

individuals, therefore, the constitutional condition should be as

carefully attended to as the local. Tonics, cod-liver oil, and good
food should be freely given, and every means taken to render the

hygienic surroundings of the patient as perfect as possible.

And when all pain and swelling in the joint have passed off, great

caution should be used in overcoming the resulting stiffness, lest the

inflammatory condition be lighted up again by too early active

movement. This should be preceded by massage and gentle passive

motion for some time before the patient is allowed to make use of

the limb.

Simple subacute synovitis of the hip is often met with as

the result of the same influences that have produced the acute

form. The symptoms are precisely the same, but less mai'ked;

and the treatment is also the same.

Acute septic synovitis Of the hip is by no means uncommon
as the result of one or other form of pysemia. The latter condition

is met with, as already stated, after absorption from foul wounds,

either on the external surface of the body or on some of its internal
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surfaces in the course of such diseases as scarlatina, measles, typhoid
fever, etc.

Symptoms.—In such a case the affection usually runs a rapid

course with all the symptoms mentioned above shown out in a very
marked degree. The distension of the joint is here so quickly produced
that the capsule is apt to be soon burst and the inflammatory matter
to be extravasated into the soft parts around. If at the same time
the limb have been left to itself, the position of flexion becomes ex-

treme, and the head thus thrown upon the posterior part of the

capsule, which is softened by the inflammation, is ready to slip out

upon the dorsum ilii, especially as the softening soon extends to the

inner and outer aspect of the capsule, and abduction is thus con-

verted into adduction and eversion into inversion. Such a case

occurred some years ago in my practice at University College

Hospital. A patient had severe typhoid fever, and at the end
of some weeks the hip joint assumed the characteristic appearance

of acute inflammation with rapid distension. This was followed

by flexion, adduction, and inversion, and then by dislocation of the

bone during movement in bed. This dislocation " by distension " of

Volckmann was followed by rapid subsidence of the inflammation,

and when the boy was admitted into the hospital nothing but the

dislocation remained. This I reduced with the greatest ease by
Bigelow's method, and then found that the surfaces were compara-
tively intact as indicated by the smooth movements of the head of

the femur in the acetabulum. The limb was kept straight, and the

head remained in position, the boy making an excellent recovery

without any shortening. I saw him many months after with a stiff

but otherwise healthy joint.

It is a remarkable fact that in these cases of acute septic syno-

vitis in pyaemia, early evacuation of the inflammatory contents of

the joint is often followed by rapid recovery, as in this case, and
should always be provided for either by aspiration or free incision

and flushing out before the surfaces of the cartilages and synovial

membrane have become extensively altered by ulceration.

The treatment is early incision and, if necessary, washing out

of the joint with sterilised water or with some strong antiseptic, pre-

ferably the former. At the same time the limb must be kept in a

straight line, either with weight extension or splint. For, if left to

itself it will rapidly assume the position which lends itself to dislo-

cation, and this cannot always be so happily replaced as in the case

just mentioned. Local antiphlogistics are in this form of disease of but

little use, except in relieving pain. But those remedies which main-

tain the general strength and help the system to combat the poison

which is locally affecting the joint surfaces are of the utmost value.

The subacute and chronic form of septic synovitis differs

only in degree from that first described. Here the distension of the

joint is slower, and all the other symptoms are much milder. The
disease is, however, equally destructive, and may lead to complete

disorganisation of the articulation if not taken in hand soon.
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The treatment consists in free incision of the joint and
washing it out thoroughly. It is remarkable how well such wounds
will subsequently heal when we consider that the edges of our in-

cision are bathed in the septic pus which we let out. I have lately

had such a case where the joint was completely disorganised by
chronic pyaemic disease, the result of some infection before the

patient entered the hospital. Here after free incision and removal
of much diseased bone, including part of the acetabulum and the

head of the femur, which were carious, the wound rapidly healed,

and the patient, a man of about thirt}r
, is now walking about with

a very useful limb. This is all the more re-assuring, as such opera-

tions on adult hips for other forms of disease, such as the tubercular,

are usually followed when they heal by very great weakness in the limb.

Syphilitic disease Of the hip is not commonly described,

except in that form of congenital or infantile disease of the epi-

physes already discussed as far as is necessary (page 1065).

Tuberculous disease of the hip.—This is one of the most
common affections in surgery. Points of origin.—It is most fre-

quently met with at the two extremes of life, among the very young
and the very old, though not unknown among those of middle life

and young adults. It has its starting-point either in the head of the

femur, the acetabulum, or in the synovial membrane. Exact data upon
the relative frequency of its appearance in these situations are want-

ing, but as far as our knowledge in this direction goes, it is believed

to be most frequently found to start in the femur, next in the syno-

vial membrane, and more rarely in the acetabulum. In very
young patients it is more likely to start in the bones, in adults in

whom the epiphysial growth is completed it finds its most frequent

starting-point in the synovial membrane. When we speak here of

the head of the femur, it should be understood that there are two
spots in which the primary infection is likely to take place. The
commonest position is undoubtedly in the epiphysial line, i.e. at

the junction of the head and neck. But it may also start in the

growing tissue underlying the encrusting cartilage of the head of the

femur. And when it has its origin in the acetabulum, the morbid

process begins in the young embryonic tissue at the junction of the

three bones in the centre of the hollow. When the synovial mem-
brane is first invaded, it is, frequently at all events, in the loose folds

which surround the ligamentum teres. From either of these points

the whole of the joint may be invaded, but from each the disease can,

on the other hand, spread outwards without invading the surfaces,

and may form an abscess outside the capsule, which points exter-

nally, in some cases, through the skin, leaving the joint proper

practically intact. This is a most important fact to bear in mind,

for with improved means of diagnosis such cases can be separated

from those in which the joint itself is invaded, and thus many
patients may be spared removal of parts of the bone and synovial

membrane, who formerly would have had a more or less complete

excision performed upon them.
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Diagnosis in the early stages.—We must now endeavour to

study each of these forms of disease separately, in such a way as to
be able, if possible, to diagnose them one from the other.

Thefemoral variety of tuberculous hip disease in the child is first

evident to the naked eye in the form of a small focus of inflammatory
deposit, situated usually in one or other part of the plane of <?rowinc
tissue between the neck of the femur and the epiphysis of the head.
Sometimes this focus is at the periphery of the plane (Fiw. 441),
but more usually it is towards the centre. In the middle of this

inflammatory patch, as we see it, fatty degeneration has usually
advanced to a considerable degree, so

that a caseous abscess exists to a
greater or less extent. Now, it de-

pends upon the situation of this centre

of disease whether the joint will be
early infected as a whole or not. If

the caseous mass lie towards the peri-

phery of the bone and spread out-

wards, it very soon involves the

periosteum, and on perforating this the

tuberculous material gains access to

the synovial sac, and the whole inner

surface of the cavity is involved in

the morbid process. Again, if the

caseous focus lie directly in the centre,

and grow in all directions evenly, it

may eventually separate the head com-
pletely from the neck, and the former,

lying loose in the joint, cut off from its

vascular supply through the neck, plays

the part of a sequestrum in a generally

inflamed joint, which soon becomes
hopelessly disorganised. But when
there is a central focus this is not in-

variably the course of the disease. Sometimes it heals up under
appropriate treatment, and the caseous material cretifies or be-

comes absorbed. But even when the process advances in

extent, it does not always do so towards the periphery, but may
gradually move outwards down the centre of the neck towards the

trochanter, and finally burst through the periosteum somewhere
outside the attachment of the capsule. If an abscess be formed in

such a case it is clearly extra-articular, and all the time the move-
ments of the joint are intact.

These forms of femoral disease must be carefully studied, and
at all times kept in mind if we are to avoid unnecessary

surgical interference with this joint, and to give anything like an
accurate prognosis. The diagnosis between these varieties is by
no means easy, but we may arrive very near the truth in many cases

by observing the following points :—The mode of onset is the first

Pig. 441.—Tuberculous Disease com-
mencing in the Head of the
Femur at the E piphisial line

(University College Museum).
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,
442.

—

a, Acetabulum ; y, ilio-femoral ligament and
strong anterior part of the cax^sule ; r, feniur.

point. In this case it is usually very gradual, coining on in delicate

children, as a ride, under eight years of age. The first thing noticed

is a slight limp, the child being quite unconscious of pain. This
involuntary limp—" unfreiwilliges Hinken "—is doubtless due to the
fact that pressure upon the damaged head of the bone at this early

stage of the affection

.Y produces a sense of un-

easiness, hardly amount-
ing to pain, but sufficient

to lead the patient to

rest as short a time upon
the limb as possible; there

is, therefore, a short step

and a long alternately.

If the joint be examined at this early stage, while the patient lies

on the back, it will probably be found to move in all directions

pretty freely without pain, thus indicating that the surfaces that

play one upon the other are so far unaffected. It is only when
forcible passive movements are made in such a way as to put the

ligaments upon the stretch, and so force the head against the

acetabulum by leverage, that pain is complained of. Or, again, if

the flexed knee is struck in a direction towards the pelvis, or the

trochanter pressed inwards towards the acetabulum. The pain, when
the limb is over-extended or abducted, is thus explained. The Y-
ligament prevents over-extension, and when the femur is brought

into this position the ligament acts as the fulcrum of a lever

represented by the femur, and when the latter is forced backwards
the head is pressed into the acetabulum, and the diseased spot is

subjected to strain (Figs. 442 and 443). The same may be said of

abduction when carried to an extreme. It is to prevent such pressure

that the patient involuntarily flexes, abducts, and everts the limb

—

i.e. to relax the most
powerful and tense liga-

ments (Fig. 443).

Now, if synovitis

were present, even
though we were unable

to detect the usual signs

of inflammation, we
should find the joint

fixed, to prevent any
rubbing of the inflamed surfaces one upon the other, and any
passive movement would be resisted voluntarily, with expressions

of acute suffering. The characteristic position of acute synovitis

would also be assumed (Fig. 440). As long, therefore, as these two
conditions are distinct, these signs will serve to distinguish the one

from the other.

But to separate the femoral from the acetabular variety is quite

another matter, and is sometimes impossible. It is, however, not

Fig. 443.—A, Acetabulum :

strong- x^art of the capsule
ilio-femoral ligament and
, femur ; d, diseased area.
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nearly so important to distinguish these varieties from one another

as in the last case. Careful palpation of the back of the acetabulum
with the finger in the rectum will in some cases aid us here, for we
may make out a soft patch or, at all events, a tender spot in the

bone. Otherwise, the position of the limb and the other symptoms,
objective and subjective, will be the same.

Diagnosis in the advanced stages.—When the disease

has begun in the synovial membrane or in either of the bones,

and has advanced to any great extent, the appearances will be
quite changed, as already stated. Here, in addition to swelling,

heat, tenderness, and perhaps redness, there will be increased

flexion, in order that the tender capsule may be further relaxed,

and as the latter be-

comes softened, abduc-

tion will be converted

into adduction, and ever-

sion into inversion. In
this latter state the

patient will probably

lie upon the sound side,

with the knee of the

affected limb thrown
across its fellow, and
resting upon the bed.

And as he tries to bring

the adducted limb par-

allel with its fellow,

the pelvis on the affected

side must be carried

upwards, inasmuch as

the angle which the

femur forms with
transverse axis of

acetabulum cannot

Fig. 444. Fig. 415.the

the

be altered without painful movement of the

surfaces one upon the other. The diagrams (Figs. 444, 445) will

make this clear. A B is the axis of the spine ; C D that of

the pelvis in its broadest measurement from side to side ; BCE
the angle of the affected adducted joint. If the limb C E is now
to be brought parallel to its fellow without altering the degree of

the angle BCE, the axis C D must be altered (Fig. 445). This

will give the affected limb the appearance of being shorter than

its fellow, though really it often remains of the same length to

careful measurement. The movement of the transverse axis of the

pelvis can only be accomplished by lateral flexion of the spine. But

at the same time the curves of the lower part of the spine will be

further changed by the efforts of the patient to bring the limb out

of the position of extreme flexion into one more in the same plane

with its fellow. This is illustrated in Fig. 447, in which S represents

the axis of the spine, and P that of the pelvis antero-posteriorly.
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Now, if F A P be the angle of flexion of the femur, and the latter be
brought into the same plane as its fellow without altering F A P, this

can only take place by the bending forwards of the spine, at O, and
the consequent production of lordosis, as seen in Fig. 446. (See also

Fig. 448.)

After these changes in position as the disease goes on, we may
have a new factor in the actual loss of substance in the bones where
they touch. If this take place to any considerable extent while the

limb is flexed, the border of the acetabulum above and behind

becomes eroded, and the head of the femur at the same time loses

part of its tissue. The two flattened surfaces thus produced are

then apt to slide one upon the other, being no longer restrained by
the cup and ball arrangement of the

joint, and the head of the femur
slips on to the dorsum ilii, where it

may undergo further destructive

changes (Fig. 449).

The ihree stages of hip
disease. — There are then ob-

viously three different positions of

the femur in relation to the pelvis.

These are sometimes spoken of as

three different stages of the disease,

and at all events correspond to im-

portant differences in the condition

of things within the joint. In the

first place we have the position of

flexion, abduction, and eversion :

secondly, of flexion, adduction, and
inversion without real shortening

;

and thirdly, of flexion, adduction,

and inversion, with erosion of bone,

dislocation, and real shortening.

These stages are sometimes spoken of as the first, second, and third

degrees of hip joint tuberculous disease, and there is a certain amount
of convenience in employing the terms.

The stages, it will be observed, correspond with—(1) inflammation

without softening of the ligaments
; (2) inflammation with softening

and partial destruction of the ligaments
; (3) the same with destruc-

tion of bone with or without dislocation, which merely depends upon
whether the limb has been kept in the extended position during the

destructive changes within the joint or has been allowed to flex,

adduct, and invert. As long as it is kept straight, the head is more
or less retained by the acetabulum, though the latter may be exten-

sively diseased. But if it have been allowed to assume the flexed

and adducted position, in which the head is normally half out of the

socket, it requires bat little erosion of the brim of the latter behind and
above to allow of the head slipping out on the dorsum ilii (Fig. 449).

In this last form in which there is actual loss of substance in the

Fig. 445. Tig. 447.
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femur and acetabulum, we have a variety of "dislocation by disease"

(Volckmann), which contrasts strikingly with that already described

as " dislocation by distension." (See pages 954 and 1079.) The variety
met with in the cases we are now considering is the " dislocation

by destruction," and we can hope for but little benefit from
reduction even if it be still possible to effect it. For the flattened

F!g. 448.—Case of left Hip Disease, in wbich the degree of flexion of the affected thigh is

demonstrated by flexing the sound thigh on the abdomen, this movement entirely cor-
recting the lordosis.

head would never rest upon the eroded acetabulum for long ; there

would be nothing to hold it there, and as long as it did lie in

its old position it would be placed in. an unsatisfactory condition

as regards repair. For the inflammatory products of the bone
and synovial disease would be retained between the two surfaces,

and if abundant would prevent all repair ; and as there are also often

sequestra of varying size mixed up with these products, we can well

understand the difficulties that exist in the process of healing.

Treatment of hip disease—The treatment of these several

varieties of hip disease will vary in many respects according to the

stage of the tuberculous process. When the synovial membrane is but
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lightly affected, and the patient's strength is fairly good, there can be

no doubt that a complete restitutio ad integrum is possible if proper

means have been taken to keep the surfaces at rest, and to improve
the general powers by generous diet,

fresh air, tonics, and cod-liver oil, as

already described (page 359). The
best means of combining rest with
fresh air is to furnish the patient Avith

some appliance which will fix the joint

without confining him to bed or the

house. After a long experience with

these cases, I am inclined to give the

preference in the case of young children

to the double Thomas's splint, which is

shown in Fig. 450. This secures the

limb in the straight position, and im-

mobilises it completely, and in such
an appliance the young patient can be
carried about easily and enjoy out-of-

door life. But where a vicious position

has been allowed to occur, it will be
best in most cases to confine the

patient to bed for a while, and to

extend the limb by weight and pulley

until it is straight, and then put on the

double Thomas's splint. This must be

kept in use as long as there is pain

and tenderness in the joint, or until

other changes have occuiTed which
render operative interference necessary.

In the case of older children and young adults who can manage
to walk with a pair of crutches, the single Thomas's splint, which
immobilises the affected limb and yet leaves the sound one free for

progression, is an admirable contrivance (Fig. 451). Combined
with a patten under the boot of the unaffected foot, it enables the

patient to take

exercise with-

out injury. It

requires, how-

ever, to be very

carefully ap-

plied and to fit

perfectly,
othewrise it

has a tendency to slip to the outer side of the thigh, and in this posi-

tion fails to counteract the tendency to either flexion, abduction, or

adduction. And it very often occurs that if these individuals are left

to themselves, as out-patients, they neglect to secure the splint as the

bandages loosen, and come back to us with the apparatus on the

-Destructive Disease of the
Hip Joint.

a, Head of femur dislocated backwards
b, abscess extending down the thigh
c, obt. internus. (From University
College Museum.)

Fig. 450.—Thomas's Double Splint.



HIP JOINT DISEASE. 1087

outer side of the thigh and perfectly useless. For this reason I

have for years been in the habit of employing the double splint

which cannot slip laterally, and which has, especially in the case of
young children, many advantages, which are a set-off against the
drawback that it prevents the

use of the sound limb.

When there is formation of
abscess.—When synovial disease

is running an unfavourable

course in the hip, we are not
long left in doubt as to the

gravity of the condition. The
tuberculous process cannot gain

much ground here without at-

tacking the cartilaginous sur-

faces and the bones, and with-

out forming caseous abscesses.

When the latter are evident we
may almost take it for granted

that the bones have suffered,

and consequently that whatever
the issue of the case may be,

the functions of the joint will

be quite destroyed. Such ab-

scesses when they have attained

to any considerable size will

generally soon make their way
to the surface, and become evi-

dent under the skin. The spots

at which this pointing is going

to take place will vary with

the treatment that has been
adopted. As a rule in my
practice where the joint has

been well supported, especially

behind by a Thomas's splint,

the tuberculous debris finds its

readiest way to the surface on
the anterior aspect of the joint.

It passes, as a rule, between
the gluteus minimus and rectus

tendon, and then between the

tensor vagina? femoris and
sartorius, to form an abscess in front of the thigh. Sometimes,

however, though rarely, it works its way through the thin part

of the capsule behind and presents somewhere in the gluteal

fold, from whence, if neglected, it may burrow in any direc-

tion. Again, inflammatory matter pent up in the joint may
gradually penetrate into the bursa underneath the psoas muscle as

Fig. 451.—Thomas's Single Splint.
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it runs over the front of the femur, and may then infect the whole
of its synovial lining, forming a large collection, which can be traced
into the pelvis under Poupart's ligament. Finally, the contents of
the joint may make their way through the anterior part of the
capsule, and pass down the inner part of the thigh underneath
the adductor muscles, following in some cases the course of the
circumflex arteries.

All these abscesses may start originally from primary disease in
any of the three situations mentioned

—

e.g. femur, acetabulum, or

synovial membrane—but, as a.

rule, depend upon involvement
of all the structures of the joint,

and when present may be gene-

rally held to indicate the latter.

There are, however, abscesses of

small size, which may be derived

from disease, limited to one or

other of these three components
of the joint, without involving

the others. For instance, a small

localised deposit of tubercle in

the synovial membrane may
caseate slowly and soften the

capsule outside it before it has

spread to the joint within, and
may thus make its way into the

parts outside the capsule. Or
again, a focus of disease in the

head may, as already described,

burrow outwards through the

centre of the neck, until it finally

reaches the soft parts outside the
Fier, 452.—Abscesses in connection with Hip . . 1 . n ,1 i n

joint Disease. attachment or the capsule round
Dis-

ease, too, starting in the acetabu-

lum may work its way towards

the pelvic aspect of the bone, and form an abscess under the iliacus

muscle (Fig. 452). Of course, in any of these cases the general

surface of the joint might escape altogether, but as a matter of

fact it rarely does so. The abscess which forms within the pelvis

is the result of primary acetabular disease, or of the perforation

of the acetabulum with general infection of the joint, and may
travel towards " the surface in several directions. Perhaps the

commonest course is to gravitate towards the rectum, into which

it may burst or pass along the latter to the perineum. Again, it

may ascend under the muscles and present below Poupart's liga-

ment, usually on the outer side of the vessels. Finally, it may
enter the bursa under the tendon of the psoas muscle, and so make
its way to the inner aspect of the thigh.

a, Abscess in the iliac fossa ; ft, abscess under the the TOOt of the trochanter.
tensor vaginas lemons; c, abscess extending
down the thigh. (.From University College
Museum.)
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When there is much destruction.—Now, although moderate
tuberculous synovitis may be recovered from, with little or no
damage to the functions of the joint, it is otherwise when the
synovial affection is neglected, and the tubercles break down into
caseous material and ulcers are formed, from which the disease
may spread to all the surfaces of the articulation, or, when the
morbid process starts, in the bones themselves. Here a complete
restoration of the functions of the part is almost impossible.

The surfaces are sure to be destroyed, and, in addition, there
are very often portions of necrosed tissue set free in the joint,

which will keep up irritation almost indefinitely. It becomes a
question, therefore, whether in such cases, inasmuch as the best

result which can be expected is a stiff and usually more or less

deformed joint, we cannot by operative measures arrest the spread of

the disease before it has completely disorganised the part. This is a
question of the utmost difficulty, and has been variously answered by
different surgeons of large experience. On the one hand, there are

those who take a rather gloomy view of the possibilities of operative

surgery in this direction, and who persist in the treatment pf the

affection for years by splints and rest, opening abscesses where
necessary, scraping and draining them, but abstaining from every

other attempt in the direction of a more radical extirpation of the

disease. On the other hand, there is a school of sur-geons who,
regarding tuberculous disease very much in the same light as they do
malignant new growths, attack it as early as possible before it has
extensively interfered with the surfaces of the joint, and thus seek

to eradicate it at a stage in which there is a prospect of preserving

the functions in whole or in part. In the case of the hip I adopt

a middle course. I regard tuberculous disease as in many cases

purely local and eradicable, but at the same time as curable with-

out operation. And, moreover, I have arrived at the conviction that,

when it has to be removed, it should be dealt with by as limited an
operative procedure as possible, compatibly with complete evacuation

of the locally-diseased tissue.

Briefly stated, my line of action in these cases would be as

follows :—Always and in every case to endeavour by rest and

other local treatment in the earliest stages, combined with the

best constitutional treatment, to arrest the progress of the affec-

tion ; but when the latter has gone on to undoubted destruc-

tion of the surfaces of the joint and abscess within it, to operate

for the removal of the contents of the latter before they have

made wide ravages in the joints and surrounding structures. At
the same time, such operations are to be as limited as possible.

For instance, all hip joints which are seen at an early stage of

the tuberculous disease are at once treated by rest on splints, etc.

And as long as these means appear to keep the morbid process

in check they are persevered in. But when it becomes evident

that liquefaction of the soft tissues of the joint is taking place,

and that the bones are becoming destroyed, I feel justified in

j J
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assuming that the ultimate results of operation for the removal of

the diseased tissue will be at least as good as those arrived at by tho

expectant mode of treatment, and that they will be, in one respect,

very much better

—

i.e. in saving much time to the patient, and in

placing him in a position to use the limb often in as many months as

years by any other expectant method. Moreover, the amount of

joint tissue necessarily removed in operations by this line of treat-

ment I hold to be far less than is usually destroyed where the

disease takes its course, even under the best treatment by splints, etc.

Operative measures.—As to the risks of operation for hip

disease as at present done, they are very small, and thus one of

the objections to this method of dealing with the disease has

disappeared. This was formerly a great obstacle to operative

interference with hip joint disease, for the mortality was large,

having reached as high as 60 per cent, in some of the earlier

series recorded. And even later, in 1878, under the antiseptic

regime, Mr. Croft's statistics showed a death-rate of over 40 per cent.

Now we may claim to have reduced the mortality of hip excision to

nearly vanishing point. My own rather large series of operations of

this kind shows no deaths on a great number of operations, and an
ever-increasing improvement as regards the functions of the limb,

and the absence of sinuses and general infection of the whole system.

My mode of dealing with these cases of destructive tuberculous

disease of the joint, whether it arise in the synovial membrane or

in either of the bones, provided only that the liquefactive process

is well marked and is clearly progressing, is as follows. It is

understood that the operative procedure, as now described, is that

employed in cases in which no sinuses have as yet formed, no matter

how large the abscess.

All care having been taken to prepare the patient for operation

by several days or, if possible, a week or two of rest in bed, the

joint is opened by a clean cut, all the tuberculous material is cleared

out as thoroughly as possible, and the wound is closed from end to

end without any drainage. This incision into the joint may be

made in several places—i.e. posteriorly, externally, or anteriorly.

After a large experience of the various incisions, I give the

preference decidedly to the anterior incision, first proposed in

England by Mr. R. W. Parker, and in Germany at the same time,

and quite independently, by the late Prof. Hueter, of Greifswald.

This incision has the great advantage of reaching the abscess at the

spot where, under the present conditions of previous treatment on
the double Thomas's splint, it most frequently presents under the

skin. It has, also, the merit that it divides no muscle fibres, no
vessels of any importance, and no nerves, and interferes very little

with the capsular structures. These last points are of the utmost

importance for the nutrition of the parts involved during the process

of repair, and for the future strength of the new joint if a movable
articulation be the result of the operation. The incision is com-

menced about half an inch below and external to the anterior
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superior spine of the ilium, and runs downwards and slightly inwards
for two or three inches. The knife, in making it, ought to pass
between the borders of the tensor vaginae femoris externally and the
sartorius internally, and as it penetrates deeper, between the gluteus

minimus externally and the rectus internally. In
this incision the capsule of the joint is reached, in

many cases, without the necessity of attending to

a single artery, unless the cut be made too far

downwards, when the circumflex or its branches

may be divided. In any case, these small vessels

give no trouble, and, if secured for a minute or two
in catch-forceps, will cease to bleed. When the

abscess is opened, either before the capsule is divided

or after, it is most carefully flushed out with a

stream of warm boiled water at high pressure, and
scraped clean before going any farther. This flush-

ing is best carried out through a hollow gouge,

designed some years ago by the author, by means of

which all loose material can be washed away by

a powerful voluminous stream as fast as it is

loosened or cut by the gouging action of the edge

(Fig. 453). When all broken-down matter is

scraped and washed away, the cajDsule is opened by
a blunt-pointed bistoury, and the condition of the

interior is ascertained with the finger. In the

class of cases upon which I am accustomed to

operate, the head of the bone will be found to be

eroded or completely destroyed, or, on the other

hand, it may lie loose within the capsule in the

form of one, two, or more sequestra. In either

case, it is well to saw the neck across at about its

middle with a narrow-bladed saw, so as to obtain a

clean surface, unaffected with tuberculous caries.

Then the broken-down debris of the head is scooped

out with the gouge, while the sterilised water is

rushing into the cavity and carrying off every trace

of dead tissue which is movable. The finger will

now feel whether the acetabulum is diseased or not.

and if it is the gouge can be used thoroughly to Fl
§ ,tge^OTnected

clear out all broken-down cartilage and carious with sterilised

bone, and also to loosen any sequestra which may fl^ibie
an

rubber

be present. If it should happen, as is often the tube,

case, that the carious process has extended through

the centre of the acetabulum into the pelvis, the disease must be

followed up with the gouge, until the acetabulum is perforated, and
the abscess, which usually in such cases lies on the internal aspect of

the bone, is opened up and scraped and flushed clean. I have been

able over and over again in this way to remove relatively large

sequestra from this situation, and to evacuate large intra-pelvin

J J 2
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abscesses. When this has been done thoroughly, the whole cavity

of the joint is scraped and flushed clean, and filled with a sponge.

Stitches are then inserted in the skin wound at short intervals,

but not yet tied. "When all is ready for the final closure of the

wound, the sponge is removed and the cavity of the joint is filled

with iodoform emulsion, and then the latter is squeezed out as far as

possible. The stitches are then tied, and the whole wound is accu-

rately closed without any drain. It is then dressed with dry sali-

cylic wool, put on in large quantity, so that, when bandaged, even
elastic pressure may be brought to bear on all parts of the cavity.

At the same time, the remains of the neck are forced into the socket

by strong abduction, and retained in this position by the bandage which
passes round the pelvis, and by the Thomas's splint, which is at once

applied. Over this dressing it is well to apply a covering of some
waterproofmaterial, to protect it from accidental wetting with urine, etc.

After treatment.—Almost all the cases thus treated may be thus

left undisturbed for nine or ten days, and when the first dressing is

removed, it will usually be found that the wound is healed per primam.
The stitches are then taken out, and a strip of wool is secured over the

scar by means of collodion. In some cases, where a little of the tuber-

culous matter has been left behind, or where the edges of the incision

have been inoculated by the tuberculous debris passing over them,

there will be evidence of the formation of tubercles in the scar at

about the end of the third week. If this is the case, and nodules

form in the scar, the whole of the latter should be included between
two elliptical incisions, and excised ; and if there is any of the

abscess remaining, it should at the same time be scraped and flushed

clean, as before. Then the wound is carefully sutured once more
without drainage. The same procedure may in rare cases require to be
repeated at the end of another three weeks, but in every case where
recurrence is evident the method employed should be that just

desci'ibed, until, finally, sound healing is the result. On no account

should a recurrence be allowed to burst through the skin and form a

sinus in any case. All this time the patient may be carried about in

the open air on the double iron splint, and, as there is no fever, the

recovery of general health is usually rapid. At the end of three

months or so he may be allowed to walk without the splint, but the

latter should be worn always at night to counteract the tendency to

flexion, which lasts for a long time.

This method achieves the most thorough eradication of the

disease with a minimum of removal of bone or interference with

the capsular structures of the joint, and when the union has taken

place satisfactorily in the wound, the limb is firm and useful. It is,

of course, shorter than its fellow, but this not necessarily because

much bone has been taken away, but because of the atrophic changes

due to its not being used so much as its fellow. Indeed, if compared
with many cases treated without excision that have recovered well

and without even sinuses, the amount of shortening and deformity is

much less.
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The results of operation.—The question whether those joints

which have been treated without operation give as good results in

respect of their functions as those which have been operated on in

the manner described is not yet to be settled by figures. Bat since

this method has been employed by myself and others, a very marked
improvement has been noticed in the functions as well as in the
permanent local condition. Children are much sooner up and about,

and if the tendency to flexion is counteracted for a time by the use
of a splint at night, the limb remains in good position. Of course
the joint has been destroyed—not by the operation, however, which
has only cut a few of the anterior fibres of the capsule and cleaned

out carious' bone, but by the antecedent disease ; and having been
destroyed, the resulting condition can never be as good as the

original articulation. But with early progression the general nutri-

tion of the limb improves, and the atrophy which invariably results

from long immobilisation is prevented. The movements of the articu-

lation are, of course, more or less limited after such an operation, just

as they are after recovery from destructive disease, where there has

been no interference with the joint. But this has its advantage, never-

theless. For if movement after destructive disease with or without

operation be free, it will mean that there is a loose bond of union
between the two bones ; and if this is the case, the weight of the body
thrown upon it must stretch it and lead to much shortening. But
if by operation before the whole of the neck of the femur has been
destroyed, and the ring of the acetabulum obliterated, the sound re-

mains of the neck can be thrust into a clean gouged acetabulum, and
maintained in this position until the two bones are more or less

united, the result will of course be much better than in cases where
the disease has been allowed to destroy the head and acetabulum
completely, and has led to more or less dislocation of the femur upon
the dorsum ilii.

But there is an idea that the result of excision for caries of the

hip ought to be a freely movable joint. This is surely a mistake,

for movement in all directions means general looseness of the bond of

union, and this must mean slipping of the femur upwards upon the

ilium under the weight of the body. My aim in all cases in recent

years has been to secure as firm a joint as possible, admitting of

little or no movement, but with the remains of the neck firmly

soldered into the acetabulum ; this reduces the tendency to shorten-

ing to a minimum, and also reduces the tendency to flexion at the

hip. And even if bony anchylosis were the result (which is extremely

rare in young children), if the synostosis took place in good position,

it would be better than a very loose joint, which must be more or less

weak when weight is thrown upon it.

If there were much risk in the operation as above described, it

might be a reason for relying on prolonged rest and the draining of

abscesses as they arise rather than face it. But the risk must
be very small now. As a matter of fact, I have now done some
scores of these limited excisions of the hip for extensive disease,
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and have so far had no fatalities. Of course the statistics of hip ex-

cision in the old septic days were far otherwise, and one of the first

series published showed 60 per cent, of deaths. And even later in the

Listerian days they were set down at 40 to 45 per cent. ; but it is

not so now. And not only are the immediate results of the opera-

tion immeasurably better than before, but the fact of having got rid

early of a focus of tuberculous disease, liable at any time to infect the

general system, is a great gain. Further, to put a patient soon into a

position to move about and get fresh air and exercise has a most im-

portant influence upon his future prospects as regards the recurrence

of the disease locally or generally. And as a matter of fact, the

amount of general tuberculous disease following upon hip disease in

my series has so far been comparatively small.

I am entirely in accord with those who maintain that it

is better not to excise those cases in which there is very extensive

caries with putrid sinuses, and that their chances as regards life and
limb are better when treated by rest, drainage, and local cleansing.

But so long as no sinuses are present, we ought to be able to remove
all diseased tissue, without allowing the resulting wound to become
septic ; and if this is possible, the latter ought to heal throughout by
first intention.

But there are cases, of course, in which recurrence will take

place. These must be treated as was the original disease, by ex-

cision of the focus and suture of the clean-cut edges with a view to

primary union.

The question of early ojieration.—There are surgeons of un-

doubted eminence, however, who hold the opinion that disease of

the hip joint ought to be ti*eated at a much earlier stage by
operation. Those who adopt this view think that by opening

up the joint and removing diseased synovial membrane or bone
before the morbid process has attacked the joint generally, that

the latter may be spared. This is, however, an opinion which
is not largely shared, and which is not generally acted on. The
reasons which are given against the practice are briefly these,

that inasmuch as the most likely spot for synovial tubercle is around
the ligamentum teres, where the synovial tissue is most abundant,
the head of the bone would have to be turned out of the acetabulum
in order to reach the diseased material, and this in itself would be a

great difficulty ; moreover, when the affection is concentrated upon
this spot, it is very likely to have attacked the bones secondarily

if they have not been already primarily affected. If this is so,

nothing but the sacrifice of a considerable quantity of the latter

would have any prospect of eradicating the disease, and to get at

the bones thoroughly would necessitate such a wide dissection

of the joint as to imperil its functions very considerably. Finally,

experience has taught us that such operations do nob, as a rule,

secure the patient against recurrence. In my experience of the few
cases in which I have attempted thus to resect the hip joint partially

at a very early stage of the disease, little, if anything, has been gained.
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When this measure is regarded as proper, the first incision is

usually made at the back of the joint, curving round the trochanter,

and dividing the small rotators. In this way access to the head is

secured, and by strong adduction and inversion the head is thrown
out of the socket posteriorly, and the acetabulum is exposed. Then
all diseased tissue is removed, and the head is replaced, the wound
being sewn up completely or drained, according to the view of the
operator as to the possibility of obtaining primary union.

Another incision (Langenbeck), sometimes practised with the

same object in view, is a vertical one in the axis of the neck of

the femur down to the upper border of the trochanter. This gives

access to the joint between the fibres of the muscles covering it, and
the head of the bone can be forced out by strong adduction when
the ligamentum teres is divided. My opinion, however, of these

measures, which aim at eradicating the disease in its very early

stages, is that they are not likely to be followed by the success

hoped for, and that the cases considered suitable for these operations

can be better treated by the expectant methods, holding the opera-

tive treatment in reserve for such as, in spite of the latter, pass on
to the stage of destruction of the head and acetabulum, and the

formation of abscess within the joint.

In those cases, however, in which a focus of tuberculous

disease which has not yet spread to the surfaces of the joint can be
diagnosed in the head of the femur (see above), an operation has
more than once been done lately far short of excision, which has

given excellent results. This is the trephining through the tro-

chanter, right down the centre of the neck until the focus has beea
reached, and scraped out clear. All this can be done without open-

ing the joint at all, and if practised at an early stage may save the

patient from an excision of the head later and leave all the

functions of the joint intact. Cases of this form of disease, however,

present themselves but rarely to the surgeon early enough for this

method to be followed, but should always be looked out for.

When the disease starts in the centre of the acetabulum it

almost invariably spreads rapidly to the surface of the head as well

as to the synovial membrane round the ligamentum teres, and this

being so the prospect of saving the joint from utter destruction,

otherwise than by excision of the head, is very remote. The head

in this case acts as a barrier to prevent the products of liquefaction

from working outwards, and the consequence usually is that the

latter spread towards the pelvic aspect of the bone, and form an
abscess internally within the pelvis. To prevent this when the

condition is recognised, nothing can be done but to excise the head

of the femur and treat the whole condition as described above.

Only when the head has been removed can the acetabular disease

be satisfactorily dealt with.

Amputation at the hip joint.—The question whether amputation

at the hip joint for tuberculous disease should be performed must
be answered in each particular case for itself. Undoubtedly, there



1096 DISEASES OF JOINTS.

have been cases in the past in which this measure was proper, and
has saved life at the expense of the limb. But such cases are

becoming rarer and rarer. My own opinion is that in instances of

very extensive hip joint disease the patient usually stands as

good a chance of his life by waiting and careful evacuation of

morbid products as he does from amputation at the joint. In my
own experience, which has been large both of cases treated with-

out and with excision, it has never been necessary to sacrifice the

limb, and I have never had occasion to regret not having done this

operation. In one case it was proposed because the patient, a boy
of about ten, had run down with chronic suppuration, and was
extensively affected with amyloid disease ; but the parents decided

against removal of the limb. This boy ultimately recovered wonder-
fully, and years after had a sound and useful limb and healthy body.

Indeed, so much is now accomplished by early constitutional treat-

ment and immobilisation in preventing destructive change in the

hip joint—and, when this latter has begun, in arresting it by timely

limited operation—that the need for amputation at the hip joint

has almost disappeared, and ought before long to be quite a thing

of the past. I have quite lately had under my care a boy of about
ten, whose limb had been thus removed for tubercle of the hip by
some other surgeon, and who came to me for tuberculous disease of

the remaining knee, but though he was alive, the result was anything

but encouraging.

Chronic osteoarthritis Of the hip.—This is a very common
affection in patients past middle life in both sexes. Its general

pathology has already been described (page 1052), and we are here

only concerned in its clinical features.

The symptoms are at first usually stiffness and a certain

amount of " tearing " pain on rising in the morning, and especially

in bad heavy weather, or when the patient is run down and debilitated.

This is followed by a sensation of grating in the joint on use, and
more and more limitation of movement, even to complete fixation.

Sometimes there is effusion into the capsule in this stage, especially

after over-use ; and if this condition is present, it will indicate an
inflammatory process grafted on the degenerative, as the result of

the friction of the roughened surfaces. But as the altered head of

the femur becomes further and further buried in the osteophytes

of the acetabulum, the liability to this inflammation will grow less.

The treatment consists in improvement of the powers of assimi-

lation and elimination by attention to diet, and the moderate use of

the more digestible stimulants and the alkaline mineral waters.

The clothing must also be abundant, and the patient should take re-

gular exercise. The warm baths of Wildbad appear to exercise a most

favourable influence upon this disease, and if combined with regular

massage even to arrest its progress in the early stages.

When locking of the bones has taken place, as the result of the

growth of osteophytes and the alteration in the shape of the head

of the femur and acetabulum, nothing further can be done. All
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operative interference is contra-indicated on account of the degene-
rative nature of the initial disease.

Faulty anchylosis Of the hip.—In cases in which destructive

disease of the hip has been followed by recovery without operation,

the position of the joint is often extremely faulty. Most usually it

is strongly flexed, adducted, and inverted. The reasons for this mal-
position have been given above (page 1083), and we need only add that

in addition to what may be called the pathological grounds for the
displacement, there are also natural reasons. In the first place a
child who has had disease in the hip, even after all active change has
ceased, will find the most comfortable position one of flexion. For
instance, most children, and, indeed, adults, lie in bed with the thighs

flexed—few of us lie straight out in bed all night. That is to say,

that for eight or nine hours out of the twenty-four the joint is flexed.

If consolidation be going on at this time the fibrous tissue is likely to

adapt itself to this position. And during the waking hours it will

be always irksome, to say the least, to bring the joint into a straight

line again. It therefore tends to get a " set " in the flexed position,

and to become firm in it. Again, during the day such patients will

remain seated for a considerable time, and they can only do so with

the thighs partly flexed. These two reasons for the assumption of

the position of flexion are constantly at work, and it is not to be
wondered at that the patient recovering from hip joint disease with

anchylosis is frequently found to have the limb in a very faulty

position for progression. It is usually flexed and adducted.

Tfi'esatmeMt.—The question now arises, can anything be done to

improve this condition ; and if so, ought it to be undertaken, and how ?

The answer to this is that we should only make the attempt to remedy
the anchylosis when the displacement is extreme, and when all traces

of active disease have disappeared.
.
Further, unless we have a

reasonable prospect of securing a movable false joint by our operation,

we had better abstain from all interference, except in extreme cases.

For to obtain a fully extended hip which is quite rigid is a doubtful

benefit. For with it the patient cannot sit down with comfort, and
this has many inconveniences, e.g. during defalcation, etc., and these

will more than counterbalance the advantages of being able to walk
somewhat better. We should, therefore, in every case aim at pro-

ducing a movable joint, and only operate in extreme cases.

Several modes of operationfor bony anchylosis have been pro-

posed and practised, differing principally in the position in which

the bone is divided. Probably the best is that in which the neck of

the femur is sawn across as near the acetabulum as possible. This

is effected with a narrow-bladed saw, introduced to the front of

the neck through a small incision made above the trochanter. When
the bone is divided, it may be well to dig out a hollow repre-

senting the acetabulum into which the stump of the neck can

be laid and turn in between the cut surfaces a flap of muscle or

tendon in order to prevent the union of the surfaces b}'- bony tissue.

In any case every effort should be made by passive motion and by

J j*
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extension to hinder the union of the cut surfaces. This may be
done in some cases, but is a matter of great difficulty.

In other instances it is more deshable to divide the femur below
the lesser trochanter either with saw or chisel. If bony anchylosis

after this is inevitable, the limb should be allowed to become stiff in

a slightly flexed position.

The general rules for the treatment of other forms of limitation

of movement following upon disease of the hip joint will be found
under the heading "Anchylosis of Joints," page 1067.

Neoplasms about the hip.—These are not common. When
present they are most usually chondromata or osteo-sarcomata of

the end of the femur or periosteum. The joint is only secondarily

invaded, and is for a long time uninfluenced except in its movements.
The considerations arising out of the presence of neoplasms

about the hip turn entirely upon the question of the propriety or

the reverse of amputation through the joint. When such a growth
has been diagnosed near or in the hip, the question of operation or

not depends upon the capability of the patient to bear the shock

of such a severe procedure. But as the outcome will eventually

be death if left untreated, amputation is justifiable in most cases.

Cysts about the hip.—These are, on the whole, rarely seen.

When present they are usually due to the distension of one of the

synovial bursa? of the part, and more rarely of pouches of the proper

synovial membrane of the joint. The cause is chronic inflammation,

usually of the tuberculous type. Thus the bursa of the psoas muscle
may be distended, as in a case lately under my care. Treatment
of these conditions is not satisfactory, but repeated aspirations and
injections of the iodoform emulsion may be tried with advantage in

some cases. In other instances, the greater part of the diseased

synovial membrane may be cautiously dissected out.

IiOOse bodies in the hip joint are very rarely seen, and
when present require the ordinary treatment of incision and extrac-

tion from behind. I have only met with such a condition once, and
then the case required no treatment.

AFFECTIONS OF THE KNEE JOINT.

In considering the affections of the knee, we have before us the

same diseases as those we have just been considering in the hip joint,

modified, of course, by the special conditions which surround the

part.

Simple acute synovitis of the knee.—This is a common
affection, owing to the exposed position of the joint, which subjects

it to extremes of heat and cold and to injuries of all kinds.

Symptoms.—However caused, the symptoms are much the

same, both subjectively and objectively, as in the case of the hip;

just considered.

The first thing noticed is stiffness, then heat, and later, general

pain and throbbing in the joint, which will be also tender to the
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touch, and on movement. There will also be a general rise of the
body temperature in all probability. Objectively, there will be swell-

ing and possibly redness, and a characteristic attitude. The swelling
will be due to two causes : first to effusion of synovium into the cavity,

and next, in severe cases, to a certain amount of oedema of the soft

parts surrounding the joint. It will be most noticed above and
below the patella at either side, and where there is much effusion,

the patella may be raised from the anterior surface of the condyles,

and " float " as it is said. "When pressed upon it can be made to

touch the femur again, but immediately rises owing to the disten-

sion of the capsule. Fluctuation may be also felt from one part of

the capsule to the other. The redness and oedema in ordinary cases

are but slight ; but where suppuration is present, they are a marked
feature.

The limb is always more or less flexed in acute synovitis

of the knee, and can only be straightened with difficulty by the

patient or surgeon. This position is assumed in order to relax the

posterior parts of the capsule, which with the limb extended is

tightly stretched, and in this state more tender than if relaxed.

The patient will resist all attempts to move the joint, but if placed

under chloroform the movements will be free and extension perfect

It is plainly, then, a position assumed to relieve tension and pain,

and is no deformity in the usual sense of the word.

The diagnosis of this affection, as a rule, presents no difficulties.

The history and the rapid onset with the symptoms of acute in-

flammation serve to distinguish it from all other swellings except one :

this is hematoma or hsemarthrus of the joint (page 1034). Some-
times, owing to a slight blow or strain of the knee, some small vessel

in the interior of the joint gives way, and the cavity rapidly fills up
with blood. Here the general appearance of the joint very much
resembles that seen with synovitis. The pouches above and below
the patella on either side are distended with fluid, and fluctuate, and
the latter bone " floats ;

" the knee is slightly flexed, and is, perhaps,

a little tender. But the condition can usually be distinguished from

synovitis, by accurately noting the time at which the swelling sets

in. With hsemarthrus the effusion takes place immediately on re-

ceipt of the injury, and the capsule will be tense within an hour of

its occurrence. Synovial effusion does not set in, as a rule, for some
hours after the exciting cause has commenced to operate. Again,

there will be little or no heat in the joint in the case of the blood

effusion and in general fever, while in synovitis the joint will feel

hot to the patient and to the surgeon's hand, and the body heat will

be increased. In some cases, of course, the injury which gave rise

to the hsemarthrus will also set up synovitis ; but in that case, the

symptoms of inflammation will not commence until some time after

the swelling of the blood effusion has been well established.

The treatment of simple acute synovitis of the knee has the

same general principles as its basis as in dealing with acute in-

flammation anywhere else. General vascular tension is relieved by
j J* 2



1100 DISEASES OF JOINTS.

laxatives or brisk purges, according to the patient's condition. To
this may be added the administration of tartarised antimony in doses

of about one-sixteenth of a grain every three hours ad nauseam in

sthenic cases. Locally, the joint must be treated by absolute rest in

the first place. This is best secured by a back splint of a kind to

fix the limb in the extended position, and at the same time to leave

the knee free for the application of various antiphlogistics. The
Macintyre splint fulfils all these conditions ; but where it is not

at hand, a straight back splint of wood will serve all the purposes

required. It is well, however, not forcibly to extend the joint

in the first instance, but to bring it down to a straight line

gradually.

For the relief of local congestion leeches are in some cases an
excellent remedy, half a dozen being applied in various parts of the

front of the joint, followed by hot fomentations. In milder attacks

an ice-bag laid on the front and sides of the knee at the outset will

check the local inflammation, and give relief from pain sooner than
anything else. In some cases without using leeches great relief

is given by the application of belladonna and glycerine and hot

fomentations.

By one or more of these means the inflammation is soon brought
to a standstill, and nothing is left but stiffness and some tender-

ness. This is best relieved by massage and gentle passive motion.

But in the case of unhealthy young individuals we must exercise

the greatest caution in allowing the limb to be used before all

congestion is relieved, remembering how readily tuberculous disease

is grafted on a part damaged by inflammation. If there be any
doubt as to this infection the limb should be immobilised for long

periods, and the patient should be given all the benefits of fresh air

at the seaside, with tonics, cod-liver oil, and all the other general

and local remedies mentioned above (page 1049).

Acute suppurative synovitis is best treated by free incision

and washing-out of the joint with warm sterilised water or one of

the numerous antiseptic lotions, care being taken that the germicide

employed be not strong enough to irritate the surfaces of the joint.

The incisions in such a case should be placed on either side of

the joint and towards the posterior aspect of the lateral pockets of

the synovial membrane. These incisions should be carefully kept

open with some form of drainage apparatus, not necessarily a tube,

but often a strip of gauze.

It is remarkable what excellent results as regards the functions

of the joints are obtained in such cases, provided the part be opened

early and freely even when the cause has been some form of septic

infection, such as pyaemia in one of its milder forms.

I have lately heard from a gentleman in America, upon whom
I performed this operation some years ago for extensive septic

suppuration of the knee. The joint is now perfectly restored, and

is as good as its fellow by the patient's account.

In the more severe attacks of pysemic inflammation, the general
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condition has so lowered the nutrition of all the tissues that repair

is usually very imperfect.

Simple subacute Synovitis.—In this form the same symptoms
will be present in a modified degree. The same treatment, carried

out in a less active way, is suitable. But even these cases of

subacute synovitis, if septic, are best treated by early incision and
drainage, and are thus saved in many cases from adhesions and
stiffness, which would seriously interfere with the functions of the

joint if the incision were delayed.

Simple chronic Synovitis, independent of tubercle, and except
as the outcome of acute attacks, is a comparatively rare disease. It

usually appears in one of two forms. Either there is a chronic

hyper-secretion into the joint, unaccompanied by thickening of the

capsular structures, or the latter is present without much effusion.

The first form is due to chronic congestion of the synovial membrane,
destroying the balance between secretion and absorption, and large

quantities of fluid are poured out into the joint, distending the

lateral pouches and to all appearances thinning them. This hydrops

articuli, as it is sometimes called, produces great weakness, but little

pain. If left unrelieved long, it stretches the capsule and the

ligaments, and the whole joint is thus rendered insecure.

The treatment in milder cases consists in free blistering of the

joint at either side, with immobilisation. After the blisters have
healed, the part should be firmly bandaged during the day and
massaged morning and evening. When the fluid has been removed
by these means, an elastic knee-cap should be worn continuously for

some months. There is in some of these cases unfortunately a

great tendency to reaccumulation of fluid in the joint as soon as

patients begin to use the limb. In such cases blistering may fail to

remove it permanently, and it may be necessary to aspirate the joint

repeatedly. This is certainly better than to allow the continuous

distension to weaken the whole apparatus of the ligaments and cap-

sule. But this, again, may fail, and then it is well to combine the

aspirations with washing-out of the joint with some antiseptic and
at the same time stimulating fluid. For this purpose a lotion of

perchloride of mercury 1 to 1,000 may be used, or tinctura iodi 5J

to the pint of sterilised water, or carbolic lotion 1 to 20. With
this treatment many cases are cured after the other simpler modes
of treatment have failed.

Stubborn forms of hydrops articuli.-—But there is a form of

dropsy of the joint which is particularly stubborn, which is com-

bined with a peculiar hypertrophy of the synovial fringes, giving

to them the appearance of polypoid masses. There can be no

doubt that in some cases the cause of this change is tuberculous

irritation, and that the most marked examples are due to this

cause. But it is also equally certain that a hyperplasia of the

synovial fringes, leading to the formation of pendulous folds, may
occur quite independently of tuberculous irritation as far as the evi-

dence to be obtained from the microscope goes. What the exact
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cause is, is not in all cases clear, but the visible effect upon the syno-

vial structures is plain enough. There is a chronic congestion, and
the result is hyperplasia taking the form of hypertrophy of the

synovial membrane, which is thrown into ridges and folds,

gradually elongating into more or less pendulous masses. In a case

I operated on within the last year on account of chronic synovitis

with recurring effusion in an otherwise healthy young man, this was
exceedingly well seen on opening the joint. The lining was deep

pink and irregular and rugose, with fringes as described. After
removal of the latter, they were found to consist solely of inflamma-

tory tissue in various degrees of organisation, but without a trace of

tubercular structure. The removal of a quantity of this altered

synovial membrane from both sides of the joint was followed by
complete recovery of its powers.

Besides this variety of chronic synovitis, accompanied by hydrops

articuli, there is also, as already mentioned, that form in which all

the synovial membrane undergoes a general hyperplasia without
any pai'ticular hyper-secretion. In this form there is not necessarily

any formation of fringes, but the thickening may give rise to much
general enlargement of the joint and a pulpiness appreciable to the

fingers. It is a matter of the very greatest difficulty to distinguish

this form, in which tubercle plays no part, from that in which this

infection is the cause. And in any case in which there is doubt,

the disease should be treated as though it were tuberculous.

But where there is no evidence of the latter disease, we can do a

good deal short of operative measures for its relief. Frequent counter-

irritation, combined with rest, will often bring about a return to the

normal condition. In addition to this, careful and continuous

bandaging and strapping may relieve the congestion and promote
absorption of inflammatory matter.

The patient's general health, of course, must be attended to at

the same time, and in the later stages and where only stiffness and
thickening remain, much benefit will result from massage carried

out methodically and continuously. Where these means fail, the

joint may be opened and washed out; and if this likewise is without

beneficial result, recovery is much hastened by excision of consider-

able portions of the thickened synovial membrane on both sides of

the joint. This is best carried out by lateral incision curved from

either side of the ligamentum patellse upwards and outwards for

about three inches. When the capsule has thus been laid open

the synovial membrane is dissected away from the sides and front

of the bones as far as possible. It is needless to say that this

can only be safely done where perfect asepsis can be compassed.

When as much as is considered necessary has been dissected away,

and all bleeding has been checked, the capsule is completely closed

all round, and then the skin wound. In my opinion drain-

age is in these cases quite unnecessary. When sound union has

taken place, passive movement and massage should be regularly

carried out, and as soon as tenderness has passed off, cautious
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active movement must be begun, and should not be put off too

long.

When some of the pendulous masses just referred to become
detached, being torn off during the movements of the joint, one of

the many forms of "loose bodies," or "joint mice" as they are

called in Germany, is produced, to which reference has already

been made (page 1070).

Tuberculous disease of the knee. Pathology.—This form
of disease has much in common with that described as affecting the

hip joint. It is found mostly among the very young and also

among the very old, while middle-age is almost exempted from it.

The infection is met with primarily either in the synovial membrane,
or in either the femur, the tibia, or the patella. In the very young
the femur is most frequently the starting-point, next the tibia, then
the synovial membrane, lastly the patella. The older the patient

the greater the probability of the synovial membrane being first

affected, inasmuch as the growth of the bones is less active as time

goes on, while the functions of the synovial membrane remain during

life. But starting in any of the situations mentioned, the disease

may spread to any of the other structures.

When the tubercle is primary in the synovial membrane it shows
itself first in the subendothelial structures, as a rule (Fig. 431), and
from this spreads either towards the surface of the joint or towards

the external parts. Commencing in the bones, it is found either under
the encrusting cartilage or at the junction of epiphysis and diaphysis,

where growth is most active. From this it may spread to any or all

the surfaces of the joint, or work its way to the skin, without in any
way involving the articulation. This latter point should never be

lost sight of, for it is a grave mistake to conclude that because there

are extensive tuberculous abscesses round the knee, with perhaps

several sinuses, the surfaces of the joint are necessarily involved.

If this conclusion be come to in any given case, the joint will pro-

bably be opened freely as though for excision, and if it then be found

that the abscesses could have been cleaned out and the foci of disease

removed without interfering with any of the surfaces or functions of

the part, it will be seen that an unnecessary and possibly injurious

operation has been done.

Indications.—In all cases, then, it is a matter of the greatest

importance to determine at what spot the tuberculous disease has

started, and in what direction it is extending. The question is, can

this be done ? In some measure it can, but only to a limited extent

at present.

In the first place it must be remembered that disease commenc-

ing in the growing parts of the bones is an affection of early life.

The older the patient the less probable is it that the tuberculous

infection has begun in the bones. Again, disease of the synovial

membrane is more likely to be found among the more mature patients,

though by no means limited to them.

Bearing these points in mind, we may study the symptoms of
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tuberculous synovial disease and of bone disease of the knee
joint. (See Fig. 455.)

In the former the infection commencing in the subendothelial

tissue is almost certain very soon to aflect either the surface of the

joint or the capsular structures. In the first case the movements of

the articulation are early impaired, the patient being anxious to

avoid the rubbing of the affected surfaces one over the other. He
will, therefore, keep the joint fixed, though he may be able to bear

his whole weight on it without pain. Moreover, he will place it in

the attitude of greatest ease, namely, of slight flexion. The same
may be said of that form of disease in which the infection progresses

outwards through the capsule. Here the necessity of relaxing the

latter will be felt also, and this will be best secured by flexion. In
the case in which the surface is affected, there will also probably be

a certain amount of effusion of synovium into the joint with all the

usual symptoms. (See page 1034.) The subjective symptoms will be
pain on movement and slight tenderness, but probably no sense of

heat in many cases.

When the epipl^sis of the femur or tibia is alone affected, there

will be little or no alteration in the attitude of the limb, inasmuch
as the ligaments may be wholly unaffected, and consequently do not

need relaxation. The movements again may be free in so far as the

surfaces are not involved, and there will be no effusion for the same
reason. On the other hand, the end of the affected bone will be
thickened and tender, and when the weight of the body is thrown
upon it, there will be decided pain. The same may be said of

jars given to the limb in its long axis by blows with the hand on the

heel and also of hyper-extension. Subjectively, a sense of heat and
throbbing will probably be felt in the end of the bone, especially at

night, and one or more especially tender spots may be felt over the

epiphysial line. For those cases in which the disease starts under
the encrusting cartilage, no special guiding symptoms can be given,

and in most cases evidence of the surfaces being involved will soon

be forthcoming.

The treatment in all three forms is that already laid down
for tuberculous joint disease wherever it occurs. It consists chiefly in

absolute rest with counter-irritation in the early stages, combined
with tonics, fresh air, and good food. The completest rest can be

effectually obtained by the use of a Thomas's knee splint (Fig. 454)
or by a plaster-of-Paris case carried from the fold of the buttock to

the sole of the foot. With either of these appliances, which effectu-

ally immobilise the joint, the patient can walk about, but will re-

quire crutches for the last named and a thick-soled boot for the

sound foot. For this reason, and from the fact that with a Thomas's

splint the knee not being covered in can be treated by external

applications, the latter form of appliance is preferable to any, and
the patient can walk about without crutches, resting the whole

weight of his body upon the splint on the affected side, and on the

sound side upon an iron patten screvv'ed on to the sole of a strong boot.
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In this case, too, the method of treatment by passive hyper-
emia, formulated by Dr. Bier of Kiel (seepage 1050), can be carried
out without confining the patient to bed or the house ; and to this
may be added injection of the diseased area with iodoform emulsion
repeated as often as is called for. So
long as there is no evidence that the dis-

ease is running on into caseous abscess,

this treatment should be persisted in,

especially as it can be carried out with-

out confining the patient to bed or even
to the house. And this is especially true

of very young children, who have a won-
derful power of battling with the disease

in many cases, while at the same time
the best results of operation are not likely

to be attained in very young individuals.

But as soon as the surgeon is convinced
that the disease is progressing to the stage

of caseous abscess, whether in the bone
or synovial membrane, operative inter-

ference is called for.

Operative measures. — I am not in

favour of operations for the removal of

tuberculous disease of the synovial mem-
brane of the knee in its very earliest

' stages, and this for many reasons. In the

first place a large number of patients

with this form of disease may be restored

to health by the ordinary modes of treat-

ment, local and general. Secondly,

though the risks of the operation are

slight, they have to be taken into ac-

count ; and if the disease can be brought
to a standstill without them, it is plainly

right to avoid them. Again, it is diffi-

cult at first to define how far the disease

has invaded the synovial membrane, and,

consequently, how much ought to be taken

away. Finally, if we are likely to have
to remove the ligaments of the knee, the

result so far as the preservation of the

functions of the joint is concerned will

not be much the worse for waiting a little. When the ligamen-

tous structures are destroyed or cut away the difficulty of

securing a firm joint is very great in young patients. They may
have to keep the part immobilised for years after in either case.

And even where partial resection of the superficial layers of the

bones has to be undertaken, on account of the extension of the

disease from the synovial membrane to them, the difficulties of

Fig. 451.—Thomas's Knee Splint
applied.
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securing a firm union of the solid parts with one another, so that

they will not subsequently yield to the weight of the hody, are

very great indeed in very young individuals.

But, where the disease is manifestly advancing, and caseous foci

are forming and are developing into abscesses, it is plain that a state

of things exists which indicates a low degree of resisting power in

the tissues, and that we may expect further destructive change in

the joint, unless some special measures are taken to arrest the local

process. Perhaps even at this stage the local injection of iodoform

emulsion, as already described, should be of some use, and certainly

should be tried in suitable cases. Or Bier's method of treatment by
" passive hypersemia " may be employed tentatively for a time. But
supposing these means to have failed, and caseous abscesses to be in

process of formation, what is to be done ? The answer to this is that

complete excision of the diseased material in the joint ought to be

undertaken.

In using the term " excision " it is necessary to say that it has a

very different signification at the present time to that it was meant
to imply in former days. Then it meant very free removal of much
of the structures essential to the functions of the articulation, while

at the same time it was far from meaning complete removal of all

morbid tissue ; now it means in many cases very partial interference

with the structures essential to the joint, while it aims in every case

at the complete removal of the diseased tissues.

For such a condition, for instance, as that figured (Fig. 455),

it would obviously be unnecessary now to do more than dig out

the sequestra from the surfaces of the bones and scrape the latter,

which would not shorten the limb appreciably. Formerly the ends
of the bones would have been sawn off without any extra gain.

It has become the fashion of late in some quarters to speak of

partial excision of the joint, where the diseased synovial membrane is

chiefly, or solely, removed, as " arthrectomy," and to reserve the term
"excision" for that procedure involving the removal of the ends of

the two bones completely. This nomenclature, however, appears to

be attended with inconvenience, inasmuch as it is very rare, on the

one hand, to meet with a case of disease of the knee in which the

whole of the synovial membrane requires extirpation, and yet none
of the bone need be removed ; and, on the other hand, it is equally

rare to come upon a case which requires free removal of the ends of

the bones, and yet does not call for extirpation of all the synovial

structures. For these reasons I would suggest the use of the terms
" partial " and " complete " excision of the knee as preferable and

more accurate. The terms " arthrectomy " and " excision " overlap

too much to be used with much advantage.

Nowadays complete excision of the knee is a comparatively rare

operation—that is to say, it is uncommon to see the knee joint

opened and the ends of both bones sawn off and fitted together, as

was formerly so often done. The reasons for this are twofold. In the

first place the recognition of the importance of early and vigorous, as
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well as patient, treatment of tuberculous disease has led to the arrest

of much disease which would formerly have run on to complete
destruction of the ends of the femur and tibia; and, on the other
hand, when operative treatment is decided on, it is now usually at a
stage at which the removal of the diseased parts of the bones can be
accomplished without complete re-

moval of the ends. But at the same
time, though the bones are treated in

a much more conservative way than

formerly, the removal of the synovial

membrane is now particularly free,

and sometimes amounts to its entire

extirpation. Indeed, in those cases

in which a movable joint is not to be

expected so great is the amount of

the disease, we cannot do better than

dissect out every fragment we can

trace of synovial membrane, whether
visibly infected or not.

And now let us take a case of

tuberculous disease of the knee suffi-

ciently advanced to call for operation,

and consider how we may best secure

the removal of the diseased tissue,

whether it lie in the bone or in the

synovial structures (Fig. 455). Of
course, if it have invaded the soft

parts external to the capsule, and have

formed abscesses in them, the same
principles of removal guide us as in the

other instances. Now in such a case the

first principle which is paramount is

the eradication of all tissue in which
we believe the tubercle to have been

deposited ; the next is to spare all

structures, except the synovial mem-
brane, which are not infected with

the parasite. This sounds a fairly

simple problem, but as a matter of

fact is far from being so in most cases.

The first incision into the knee

joint may be made in a variety of

ways, so as to gain access to the whole of the diseased tissue within.

In the older operations, in which an absolutely stiff joint was the

object aimed at, it was immaterial whether the ligamentum patellae

was divided or not, inasmuch as the action of the extensor muscles

was not of importance. In some of the newer operations, in which

an attempt is made to preserve some or all the movements, the

ligament is preserved intact.

Fitr. 455.—Tuberculous Disease of the
Knee Joint starting- in the Synovial
Membrane, and producing superficial

Necrosis of Bone. (From University
College Museum.)
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In the first instance an oval flap is formed, the lower curved end
of which crosses the middle of the patellar ligament, the two
lateral incisions being placed well back, and running to a variable

height upwards.

But in those cases in which only a moderate amount of synovial

disease is present, two curved incisions reaching from the edge of the

patellar ligament on either side upwards on the sides of the joint

will give very free access to the synovial pouches, without dividing

the ligamentum patellae or the lateral ligaments. And should it prove

possible in some cases thus to remove all the diseased synovial mem-
brane through these lateral openings, there is nothing to prevent the

joint being as strong as before. Only the capsule has been divided.

Again, it may be found necessary in some cases to secure very

free access to all parts of the articulation, while aiming at the

preservation of all its movements. Perhaps the best way of

achieving this object is to make a transverse incision through the

soft parts across the centre of the patella, and then saw through the

latter in the same line. If the knee is now flexed it is very widely

exposed, but if there is any difficulty in seeing its deeper parts, the

single transverse cut may be combined with two vertical lateral ones,

forming an H-shaped opening. In this way two quadrilateral flaps

are formed, one of which can be turned up, and the other down,
thus exposing the whole joint in the fullest manner. When the

removal of the diseased tissue is complete, the two flaps are replaced,

and the surfaces of the divided patella are brought into accurate

apposition and sutured firmly with wire. In this case, if the whole
operation has been perfectly aseptic, and the wound heals by first in-

tention, the strength and movements of the joint are left unimpaired.

By any of these means access to the joint sufficiently free for the

removal of any or all diseased tissue can be secured.

The general measures adopted by the author in carrying out such

operations are practically the same as those described in dealing

with the hip. From the time the joint is opened until all diseased

material is removed, and it is closed again, a stream of sterilised hot

water is kept playing over the field of action at high pressure. This

carries away all infective debris, checks oozing, and enables the sur-

geon to see clearly what is diseased tissue and what is sound. When
all morbid material—whether synovial or osseous—has been removed
by careful dissection with the knife, assisted by the scissors and
flushing gouge (Fig. 453), the cavity is filled with small sponges, the

stitches are inserted in the skin and soft parts with the greatest care

as to accuracy of adjustment. Then, before they are tied the sponges

are removed, and the joint receives a final washing out with hot

water, all clots being thus cleared out. The surfaces are then

dried carefully and covered with iodoform emulsion, and then the

stitches are secured without leaving any room for drainage. An
antiseptic wool dressing put on very thick, and firmly bandaged to

prevent oozing internally, completes the operation. The limb should

then be secured upon a straight splint, and be kept in an elevated
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position for several hours, also to check oozing. The result is almost
invariably primary union, without a trace of suppuration. The
stitches are taken out on the ninth or tenth day, and all is sound.
Of course a careful watch is kept upon the temperature all this time,

and if this rises and remains elevated and the patient complains of

pain and throbbing in the joint with malaise and anorexia, the
dressings must be removed and the joint inspected. If it be found
distended with either blood or pus, a tube must be inserted and
thorough drainage provided for. In dissecting away the synovial
membrane I always commence methodically at the tip of the oval

flap when it is turned up, and work upwards, peeling it from the
posterior surface of the quadriceps, then peel it off from the point
of the femur and at the sides, then from about the crucial ligaments,

and, finally, off' the head and borders of the tibia. In many cases it

is possible in this way to remove the whole synovial membrane
almost in a continuous sheet.

If the patellar ligament has been divided I always stitch

it together again with silk, which remains buried. It is well

in these operations not to include the capsule of the joint in the

stitches which unite the skin wound. If the capsule and expansion
of the quadriceps be included, the skin is apt to be dragged in and
the edges displaced, which may interfere with primary union.

Indeed, it is probably better, for several reasons, not to unite the

edges of the capsule and the fibrous expansion of the muscle at all.

One advantage of not doing so is that, if there be any effusion into

the joint cavity after the operation, the fluid is not pent up, but
escapes into the areolar planes around the knee, and is more rapidly

absorbed than if it remained in the joint. And should the deeper
parts unhappily suppurate from any mischance, the pus would at

once appear under the skin, and be easily evacuated, which would
not be the case were the divided capsule closely sutured.

When the wound is perfectly healed, which, as a rule, is the case

at the end of ten days, I find it best to put up the whole limb,

from the gluteal fold to the toes, in a firm plaster-of-Paris case,

applied closely over a thin layer of cotton wadding. This splint can

be removed at the end of six weeks, and renewed if the joint is not

yet firm enough to walk upon. As a rule, the limb may be used in

the eighth week, but not without the support of the splint. In some
cases, however, where only a very limited removal of synovial mem-
brane has been imdertaken, and where all the more important

ligaments have been spared, a movable joint may be aimed at, and
here it will be necessary to leave off the splints dining the day, and
to encourage passive and active movement. Massage, too, should be

employed to get rid of the stiffness which remains. But in these

cases it will be very desirable to keep the limb on a straight splint

at night, lest angular displacement take place, which would be

difficult to correct during the day. But, hitherto, the author has

only operated, as a rule, upon such cases as were affected with too

much disease to justify the hope that after operation the movements
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could ever be restored, and a stiff, firm joint has been purposely
aimed at. The knee has been put up in very slight flexion, so that

the front of the foot should reach the ground first in walking. More-
over, this is the most comfortable position for the limb when stiff if

the patient is sitting down. And in those cases where, either from
atrophy from disuse, or from removal of diseased parts of the femur
or tibia, the limb is shortened, the pointing of the toes will make up
for the slight shortening.

This atrophy from disuse must never be overlooked. It is not
uncommon in cases where disease of the knee joint has existed,

without any operative interference, perhaps, for years, to find that

the tibia is shortened to the extent of an inch or so, and the femur
as well. If we have not made careful measurement of the limb
before operation in such cases, we may be inclined to set down the

loss of length of the leg to our interference, where really the latter

has had nothing to do with the condition.

But if the knee has been put up in a slightly bent position, it

is necessary to guard against this flexion becoming greater, and this

can only be done by the use of splints for months or, in some cases,

years. This is always necessary in young children under ten years

of age. Here, if a limited excision be done at all, and the cartilage

on femur and tibia be left intact, or nearly so, the union between
these surfaces must be fibrous. And if this be so, the soft bond of

union is capable of being stretched to a considerable extent. Now,
children spend a great part of the twenty-four hours in bed or in a

sitting position. As a rule, when thus in bed or seated, there is a

great tendency to flex the knee into the position of greatest ease

;

and if this position be maintained for many ho\;rs daily, there is

always a difficulty in restoring it to a straight position. Indeed, it

has a tendency to grow more and more flexed, on account of the

preponderating action of the hamstring muscles. For this reason,

in all young cases I insist upon the use of a straight splint, at all

events at night, for months or years it may be after all trouble

has been overcome in the knee. And inasmuch as among the poor

and ill-educated a back splint is rarely properly attended to, I find

it better to keep the limb in plaster-of-Paris for long periods. In

this the patient can be allowed to walk about, and gradually the

habit of keeping the limb straight becomes fixed, and it can be

ultimately left off when all resiliency has ceased.

In those cases, however, in which the cartilages have been re-

moved by the knife or destroyed by disease, and where bony surfaces

are brought in contact, the union is by bone, and the need of splints

is not felt after two or three months. It must not be forgotten,

however, that the ends of both femur and tibia in such cases have

been softened by atrophy, the result of disuse. If under such

conditions too much weight is thrown upon the bones before they

have quite recovered their firmness, they may actually bend above

or below the joint, as in rickets, and antero-posterior or lateral flexion

be the result. This is due to no fault in the operation, but is due
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to the atrophic state of the ends of the bones and their over-use
too early.

When these pathological facts are overlooked, much disappoint-
ment is often experienced. The child comes back after some months
with a sound knee, but with flexion often to a high angle, requiring
much trouble to correct, even if it can be corrected at all.

Syphilitic disease Of the knee.—This is a comparatively rare
disease, if we except those cases in which gummata form on the sur-

faces of the joint. Such are not uncommon, and may be mistaken
for bursal or other tumours. The patient's history and the chronic
nature of the ailment, together with the early discoloration of the
skin, will generally leave but little doubt as to the condition.

Another form of syphilitic disease, too, is not very uncommon in

the knee, namely, gumma of the head of the tibia or end of the

femur, which works its way into the joint and seriously damages the

latter.

But syphilitic synovitis, meaning by this the deposit of granu-
loma or gummata in the synovial membrane of the joint, is not
common. The cases I have seen have all been congenital in

young patients, and have been associated with other evidences of the

hereditary disorder, such as pegged teeth, interstitial keratitis, etc.

It is, as a rule, an almost painless affection, and only troubles the

patient by producing a weakness and stiffness of the joint. Pro-

gression is not interfered with. The part is swollen but not tender,

and the sense to the finger is as of a doughy mass without any fluid

effusion.

The diagnosis is not difficult in view of the concomitant evidences

of syphilis and the absences of any signs of tubercle, the only disease

it is at all likely to be confounded with.

The treatment is that of congenital syphilis generally. The limb

may be used as much as is reasonable, and requires, therefore, no
restraint.

Local applications appear to have no influence upon the course

of the disease, which, on the whole, is amenable to the general

remedies.

In cases, however, in which we suspect a tuberculous as well as a

syphilitic taint we must be careful, and treat the joint rather as a

tuberculous one than as a syphilitic one.

Ghronic osteo-arthritis of the knee.—This is one of the

commonest affections of the joints, and one of the most troublesome.

Its general pathology has already been desciibed (page 1052), and we
need only here allude to its clinical features. It is rarely seen before

forty years of age, and seems to affect both sexes in about equal

degrees.

The syBBiptoms at first are usually ill-defined pain and stiff-

ness, most marked in the morning and going off* after exercise.

There is no heat, redness, or swelling at first, but after a time the

outline of the bones becomes irregular, and the joint looks and feels

nodular. The movements, too, become uneven, and a creaking oi
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grating may be felt in the joint with the hand placed over the front.

After much exertion at this stage there may be some eil'u.sion, and
the temperature will be increased.

The diagnosis visually offers little difficulty in view of the

patient's age, and the above changes and the probable affection of

other joints at the same time.

The treatment in the early stages consists in keeping the part

warm and in proper exercise, with regulation of the diet. As re-

gards the latter, everything which will promote healthy digestion

and elimination must be attended to. Massage, too, will be found
of great benefit if carried out regularly. Alkaline mineral waters

are also indicated, and a course of warm baths, such as those of

Wildbad, is frequently followed by much benefit.

In the later stages very little can be done to cure the disease,

but the measures just recommended will retard its progress and
diminish the suffering caused by it.

Ultimately great deformity is often caused by this disease, and a

locking of the femur against the tibia, owing to the osteophytic out-

growths from both bones. Sometimes one or other of the latter

become detached and loose in the joint, giving rise to all the

symptoms, and requiring all the treatment, of loose bodies (page 1070).

But though the locking of the two bones may ultimately almost

completely suspend its movements, true synostosis is exceedingly

rare.

Anchylosis of the knee.—Any of the forms of limitation of

movement, partial or complete, affecting joints as described under
the heading of "Anchylosis " (page 1067) may affect the knee, and the

general principles of their treatment were laid down there. But
in the case of the knee it must be remembered, in the first place,

that the primary function of the part is to support the body in pro-

gression ; and in the second, that unless there is a good prospect of

obtaining voluntary movement in both directions of flexion and ex-

tension it is better to abstain from all attempts to restore motion.

For there is a strong tendency in this joint to assume a position of

flexion whenever in pain ; and if our passive or its own active move-
ments produce pain, it will be kept flexed as far as possible. In this

way a limb which has been straight and stiff after inflammation,

but useful for progression, may be rendered useless by injudicious

attempts to restore its movements ; for as soon as the patient can

move it he will place it and maintain it involuntarily in a state of

flexion. Unless, then, the condition be completely relieved and free

movement without suffering be restored, a perverted position is the

result in many cases, and when strongly flexed the joint is not as

useful as before, and even tends to grow worse, there being always a

tendency to flex it involuntarily, and none to extend it again. This

may be counteracted to some extent by splints, but, on the other

hand, the latter prevent the very thing we are aiming at—namely,

free movement—and favour the production of stiffness again. Occa-

sionally anchylosis with flexion is combined with great rotation of
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Fig. 456.—Bony Anchylosis of the Knee in
the Position of extreme Flexion and
Rotation of the Tibia outwards. (From
University College Museum.)

the tibia on the femur (Fig. 456), and in some very rare cases of
disorganisation of the knee the joint becomes anchylosed in the
position of hyper-extension as seen in Fig. 457.

Treatment—For bad fibrous or bony anchylosis with great
displacement, whether of flexion,

extension, or rotation, the only

thing to be done is either osteo-

tomy of the femur above the joint,

or the more or less complete resec-

tion of the joint. This is best done
by the anterior flap method, by
which the articulation is opened,

and then the bond of union be-

tween the bones is divided by the

saw in a plane at right angles to

the axis of the femur. A second

saw-cut is then

made in a plane

at right angles to

the axis of the

tibia, or nearly

so, which joins

the first line of

section behind

—or in the case of hyper-extension—in front.

If these cuts be made true, and the fragment of

bone between the two be now removed, the femur
and tibia must come together in a straight line

by their sawn surfaces. My aim in doing this

operation has always been to adapt these fresh-cut

surfaces with the knee in very slight flexion, so

that the front of the foot reaches the ground before

the heel, thus giving more springiness to the

gait, and greater length to the limb. With a

properly-applied plaster-of-Paris splint such cases

heal straight off, and there is no need to suture

or peg the bones. They heal like a simple frac-

ture. But whatever is done, great care should

be taken not to put undue strain upon
the structures behind the joint which
have been long contracted. If this

be done, there is danger of gangrene

of the foot from stretching of the

arteries and nerves. To guard against

this, enough bone must be removed to

enable the limb to be brought nearly

to a straight line, without any drag
chyiosed in Hyper- bjtof3^™ upon the popliteal structures, and the

Unfver^ity CoHe^ Museum.) result musfc be carefully watched, the
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circulation and sensation in the toes being our guide. As long as

these are natural we may be satisfied ; but if impaired, the limb

must be placed in a flexed position again at once, and a second

operation removing more bone be done. Of course, in such a case

firm, bony anchylosis is the aim we have in view.

But even in cases where the bone is freely removed, and there is

no strain put upon the arteries from the straightening of the limb,

the old cicatricial tissue dating from the original disease may press

upon the vessels in the new position, and prevent the circulation.

Such a case has recently occurred in my own practice, and resulted

in gangrene of the toes. The limb was ultimately amputated above
the knee, and the vessels were found on dissection to be normal, but

'

had probably been pressed upon by the old cicatricial tissue when
the limb was put in a straight line.

Haemophilia affecting the knee.—This joint is probably more
frequently the seat of hemorrhage among "bleeders" than any other.

It is so slightly covered by soft parts, and so frequently affected by
blows and strains, that this is not to be wondered at. The symptoms
and treatment have already been considered (page 376).

Neuralgia Of the knee is frequently met with after inflam-

matory affections of the knee. The symptoms and general treatment

have been already alluded to (page 1074).

Neoplasms about the knee belong almost exclusively to the

chondroma and sarcoma groups. As a rule, once a diagnosis of such an

affection has been made nothing is left but amputation well above
the growth through the thigh. If there be any doubt as to diagnosis,

the tumour may be explored easily by an aseptic incision, and in some
few cases perhaps it is safe to remove chondromata which do not

too widely involve the joint surfaces.

Cystic swellings about the knee.—These are not infre-

quently met with in the course of Charcot's disease, and of tuberculous

synovitis in adults. In either case they only represent expansion of

the true capsule of the joint distended with the fluid produced by
the original disease, or they may be dilatations of the various bursas

round the joint, with or without a communication with the latter.

When due to Charcot's disease,- but little can be done for them ; but
when the result of either tuberculous or other chronic irritation, I

have frequently dissected them out in whole or in part with the

best results.

Loose bodies are commoner in the knee than in any other

joint. Their pathology, symptoms, and treatment have already been

discussed (page 1070).

AFFECTIONS OF THE ANKLE JOINT.

Simple acute synovitis of the ankle joint.—This is, on

the whole, a comparatively rare condition. And when one considers

the exposed position of the ankle, and the consequent blows, twists,

and strains to which it is subjected, this is a matter of some wonder.
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When it is met with, the usual signs and symptoms of synovitis are
observed —i.e. pain and limitation of movement, swelling, fluctua-
tion, and occasionally some redness. The swelling and fluctuation
are usually most noticeable in front at either side of the extensor
tendons, but also to some extent behind at either side of the tendo
Achillis.

The diagnosis is based upon the history of injury or exposure
and the signs just alluded to, and usually gives rise to no difficulty.

The treatment is that of inflammation generally, and consists in

absolute rest for the part in the elevated position, and the applica-
tion of leeches at the outset, followed by ice-bags or evaporating
lotions, and later by hot fomentations with belladonna. At the
same time, the bowels are to be kept open, and
vascular tension is to be relieved by saline

purges, with a small quantity of tartarised

antimony pushed ad nauseam. When, by
these means, the general vascular tension and
the effusion have been checked, blisters may
be employed to get rid of the fluid. This is

usually easily done in simple cases, and then
nothing remains but to support the joint for

a time in either a plaster-of-Paris case or such
a splint as that figured in Fig. 458. As the

pain and stiffness subside, the patient may be
encouraged to use the joint for walking, first

with the splint still on, and later without it.

Care should always be taken not to allow the

joint to remain too long without movement,
lest the stiffness become permanent.

The subacute form of this affection is,

perhaps, less uncommon than the acute, and is

recognised by the same signs and symptoms
present in a less marked degree.

The treatment of this will also be identical generally as in the

last instance, but here we may resort to blistering earlier, and follow

this up by rubefacients such as tr. iodi. If by these means the

swelling and effusion be relieved, passive movement and massage
at the same time must be employed to overcome stiffness. Then
active movement with caution, lest the inflammation be set up
again.

It is well in this, as in all other forms of synovitis in the joints,

after the process has subsided to support the latter by means of

strapping or elastic webbing for a time, to prevent passive effusion.

(See page 1038.)

The chronic form of simple synovitis of the ankle not infre-

quently springs from one or other of the two previous affections,

Here the tendency is to great thickening of the synovial membrane,
with less effusion than in the acute or subacute forms, as a rule.

But the swelling manifests itself in precisely the same position as

Fig. 458. -leather Splint
for the Ankle.
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the effusion (page 1115). The great difficulty with such cases is to

diagnose them from the tuberculous form of the disease, and, indeed,

among young patients this is often impossible. The same parts

of the joint are affected, and the same general symptoms are

present.

Foi'tunately, the treatment for both these forms of disease is the

same. They are each varieties of chronic inflammation of the

synovial membrane, but with different exciting causes. This treat-

ment will consist in rest of the part and depletion in the earlier stages.

Then blisters and rubefacients follow, combined, of course, with tonics,

good food, and fresh air. Later, if the synovial membrane remain
swollen and pulpy, and the joint tender, it will be just as proper to

remove it in the case of the simple synovial disease as in the tuber-

cular. The beneficial results will be the same, and the methods
employed also (page 1117).

Syphilitic disease of the ankle joint, whether commencing
in the bones or synovial membrane, is very common. It needs

no special description either of its pathology, symptoms, or treat-

ment, enough having been already said of the condition as seen

in other joints generally (page 1044).

Tuberculous disease Of the ankle appears under two forms,

both being, as a rule, chronic. We find it commencing primarily,

either in the bones or the synovial membrane. In either case the

affection is a grave one, for it rarely remains long limited to either

structure, but has a great tendency to spread to all the tissues of the

joint. It is mostly met with in children and young adults, and is

particularly destructive to the joint in the former. In the latter,

however, it is probably a graver disease, for when tuberculous

infection begins to spread in a young adult who ought to be in a

state of mature vitality, it either means that the dose of the poison

is particularly virulent, or that the soil has become unusually

inceptive, owing to advanced debility. In either case the chances of

an arrest of the disease are small, while in the child, who with every

year is acquiring increased power of resistance against infective

disease, the prospect is better.

The affection in the ankle joint is also particularly grave, from
the ease with which it can spread to all the aspects of the astragalus,

until the latter bone is literally surrounded by tuberculous inflamma-

tion, and is little more than a sequestrum in the midst of a tuber-

culous abscess. And, again, the latter is prone to invade the

other neighbouring articidations of the foot.

The symptoms of tubei*culous disease of the synovial membrane
of the ankle joint in its earlier stages are those, as a rule, of subacute

synovitis (page 1115). Later, the usual pulpy swelling will be

found in the spots indicated above, together with much stiffness and
weakness of the foot, and some pain, though not much. The patient's

general history will help much in a diagnosis. If the infection has

spread to the bones or has commenced there, the latter will be

expanded, and the pain on treading with the foot will be greater.
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As a rule, the bones and synovial membrane are early involved in

the same disease.

The treatment will consist, in the first place, of rest for the

joint. This may often be provided for without condemning the

patient to inactivity, by either employing a Thomas's knee splint or

by supporting the knee in the flexed position in a bucket and wooden
pin, upon which the patient can walk without

using the ankle. This joint also lends itself

very well to the treatment by passive hypere-

mia (Bier, page 1050), the constricting bandages

being easily controlled on the part. It may also

be treated by the injection of iodoform and

glycerine, either alone or combined with the

last procedure.

These measures are often sufficient to arrest

the disease in its earliest stages if carried out

effectually and for long enough. But where, in

spite of all constitutional and local treatment,

the process is advancing, it becomes a question

whether the foot ought to be amputated, or an

endeavour be made to save it by some form of

excision. Of course, where the latter is thought

feasible, it ought to be tried, but, it must be

confessed, that until quite recently excision,

partial or complete, of the ankle joint has not

proved a very satisfactory procedure. The chief

reason for this is to be found in the difficulty

of eradicating the whole of the diseased tissue

from the joint. Here the astra-

galus has a disproportionately

large articular surface, which
extends over its lateral aspects

nearly down to its articulation

with the os calcis on the one

hand, and to the scaphoid on the

other. The synovial pouches ex-

tend even beyond the cartilagi-

nous borders. Any disease, then,

starting either under the encrusting cartilage or in the synovial

membrane is very apt to advance to the other articulations, and
from them to the adjacent bones. Under these conditions, mere
removal of the articular disease of the ankle joint would be inade-

quate, the residue in the neighbouring articulations being capable

of perpetuating the process indefinitely.

Various formal excisions have, however, been formulated for

the ankle joint. But in my opinion, here everything that

can be done by a formal excision can be achieved by the free

opening of the joint by longitudinal incisions at either side and
behind, and the removal through these of all evidently diseased

Fig. 459.—Splint for fixing the Ankle with
flexible Rod connecting Leg and Foot
Pieces.
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tissue by knife, gouge, and scissors, with free flashing-out of the

cavity with warm water as described in reference to the hip and
knee (page 1091). These incisions can then be closed without drainage,

and the foot put up at a right angle in plaster- of-Paiis or such a

splint as that figured in Fig. 459.

In children, where the astragalus, as a whole, is very prone to

be affected by tuberculous osteo-myelitis in addition to the disease

actually present in the ankle joint, I have frequently found it

necessary and exceedingly advantageous to remove the whole bone.

This is best done through an incision running along the outer border

of the common extensor tendons. Through this the astragalus can

be extracted in whole or in pieces. The cavity can then be cut and
scraped clean, and the ends of the tibia and fibula be gouged away
until sound bone is reached. The surfaces of the os calcis and
scaphoid must be similarly treated until all diseased tissue is eradi-

cated. Then the usual flushing is carried out until the whole field

of operation is cleared of tuberculous debris, and a sponge is thrust

into the cavity. The stitches for the closure of the wound are then

inserted, but before they are knotted the sponge is removed and the

cavity is filled with iodoform emulsion. Any excess of this is finally

squeezed out and the stitches are tied, a voluminous salicylic wool

dressing being applied over all. In some cases it may be necessary

in order to reach all aspects of the disease to make more than one
incision into the cavity, and these must be placed with due regard

to vessels and nerves.

The results after such informal excisions and removal of the

astragalus are excellent in many cases, and fully as good as any
claimed for the more classical excisions. Indeed, a foot which has

completely lost its astragalus, appears to be but very little the worse
for its. removal.

Amputation for tuberculous ankle.—The question of the re-

moval of the foot for tuberculous disease of the ankle is usually

determined by the history of the patient's general health in the first

place, and by the local condition in the second. Many cases of very

advanced disorganisation are curable by careful general and local

treatment in the direction of removing the tuberculous material by
more or less perfect excision, provided the general vitality of the

patient is fairly good. But in view of the possibility of general

infection of the system from the local foci in the ankle, if the patient

become debilitated by pain, want of outdoor exercise, and prolonged

suppuration, the surgeon should be on his guard against pushing the

attempt at preserving the foot too far, and thereby risking the

patient's general well-being from the spread of the disease to in-

ternal organs. No hard-and-fast rule can be laid down to meet these

cases, but it may be said generally that in young children conserva-

tism may be persisted in longer than in young adults, and that among
the latter, where the disease is stubborn and extending in spite of

careful treatment, and where the general health is distinctly running

down and loss of time is of great importance, amputation above the
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ankle, Or by Syrae's method if possible, should not be too long
postponed.

Neuralgia Of the ankle.—This is very prone to follow the
ordinary inflammatory diseases of the part, and is often a soui'ce of
much trouble to the patient. Indeed, the ankle like the wrist re-

quires frequently a long time to recover from the painful effects of
disease. The diagnosis will be based upon those general considera-
tions already alluded to (page 1074), and upon the absence of any
objective evidence of mischief.

The treatment is that for neuralgia, as it occurs any-
where in the body ; the local will consist in blistering, repeated in

different spots along the painful area. In addition, passive move-
ment and massage are necessary in many cases to lead up to active

movement. This must be encouraged as much as possible, both on
account of the local condition and of the general health. Patients

are only too prone to spare the painful joint, and in doing so injure

their general health by want of exercise, while at the same time the

nutrition of the parts round the ankle remains defective, and the

morbid change inducing the neuralgia is not shaken off. These
patients, therefore, should be encouraged to walk and run about in

the fresh air, to an extent sufficient to secure abundant bodily exer-

cise without over-fatigue. Then when in the house the ankle should

be rested on a chair. Good rubbing before going to bed at night,

and the wearing of thick woollen stockings in bed if the foot is in-

clined to be cold, will also materially assist the cure.

Neoplasms about the ankle.—These cannot be said to be com-
mon, but are occasionally met with starting from the bones of the

leg or tarsus, or under the periosteum. They are usually either of

the chondroma type, or belong to the varieties of sarcoma. They are

likely to be mistaken in their early stages for tuberculous swellings

connected with the joint or tendon sheaths. An exploration will

very easily settle the question of their existence or not. When
present nothing can be done but amputation well above the growth.

Cysts of the ankle.—These are occasionally met with in the

form of distended synovial bursa? or tendon sheaths, or offshoots of

either. Remembering that the pathological changes of synovial

bursse and tendon coverings are the same as those of the joints

practically, we need not describe them more minutely here, as they

have been already dealt with. (See page 1069.)

The treatment is also, on the whole, the same, except that these

synovial cysts can be very easily dissected out from the parts round

the ankle, and this should be done fairly early, before the effects of

their pressure have gone too far.

Loose bodies in the ankle.—These are very uncommon,

and are rarely the cause of inconvenience. Their pathology and

treatment is the same as that suitable when they appear in the

knee (page 1070).

Osteoarthritis Of the ankle.—This is not as common an

affection as that of the hip and knee, but may be met with from
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time to time. There will, as a rule, be but slight difficulty in the

diagnosis, inasmuch as the affection in the ankle is usually seen after

other joints, such as the hip and knee, have been extensively affected,

and the symptoms are the same as in the larger joints.

The treatment is also the same.

AFFECTIONS OF THE TARSAL JOINTS.

These joints are subject to the same diseases as the larger articu-

lations, but no formal description is required for their recognition.

The various forms of synovitis, from the simple to the tuberculous, are

met with in every degree, and their treatment is conducted upon pre-

cisely the same principles that guide us in

dealing with the larger articulations. Be-

yond all question the most important of all

are the tuberculous affections. For these

rest is the first consideration, and is best

secured by disuse of the foot altogether as

an agent of progression. To this end the

patient should be furnished with a bucket

and pin leg, upon which he can walk in-

stead of the foot. But if this rest with or

without Bier's treatment (which is peculiarly

suitable to the tarsal affections) and the

iodoform injections have failed, the tuber-

culous foci must be removed by operation.

No hard-and-fast rules can be laid down for

this removal, except that the contiguous

bones are almost always involved, and re-

quire resection, and that this must be
thorough, and must be undertaken through adequate incisions.

These may be placed over the bones affected, and the latter can be

often shelled out of their periosteum cleanly with great ease and
advantage, more or less reproduction of bone taking place. The
after-treatment is the same as in other cases.

In all such cases I prefer the bucket splint and wooden pin or

plaster-of-Paris splints to every other, and these latter should be
made thick enough (with or without windows for drainage) to bear

the weight of the body when the patient begins to walk about.

When windows are necessary to admit of access to wounds or sinuses,

the plaster should be varnished over to prevent absorption of dis-

charges. The best varnish for this purpose perhaps is Friar's balsam

(Tr. benzoin co.), which may be painted freely over the edges of the

window, and on the wound or sinus as well, as it is an excellent anti-

septic. But, of course, other forms of fixing apparatus may be de-

sirable in special cases, and such a pair of moulded leather splints as

those figured in Fig. 458 will in many cases answer admirably. Metal
splints (Fig. 460), consisting of a flat foot-piece of tin united to a
grooved leg-piece by a stout copper rod, are also excellent. The rod

Fig. 460.—Splint lor fixing

the Ankle Joint with
Copper connecting Rod. be-
tween the two portions
admitting of change of
angle.
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in these splints is soft enough to be bent in any desired direction

to suit the shape of the limb. These splints have also the great
advantage that they can be sterilised by heat.

AFFECTIONS OF THE STERNO-CLAVICULAR JOINT.

The ordinary forms of simple synovitis of the articulations of

the clavicle are very rare, but this joint is occasionally the seat of
acute septic inflammation in the course of pyaemia or septicsemia.

In such a case a swelling rapidly forms over the front of the articu-

lation, and fluctuation and oederna soon follow, with pain and inability

to raise the arm to the horizontal position. The general condition
leaves no uncertainty as to the diagnosis and the mode of treatment.
There can be no doubt that here the proper measure is early and
free evacuation of the effusion with thorough drainage. If this is

not done, there is great danger of rupture of the abscess on its

posterior aspect, and extravasation of the pus into the root of the
neck and mediastinum, where it will run riot, and cannot be drained
easily.

Tuberculous disease is also seen in rare instances in this joint,

and presents the usual characters of this affection, attacking both
the synovial membrane and the bones on each side. In a case re-

cently under my care it was necessary to open the joint freely, when
a large sequestrum was removed from the end of the clavicle, and
the cavity of the bone was gouged clean. The result was most
satisfactory.

Chronic rheumatic arthritis is also frequently seen to affect

the sterno-clavicular joint, and has the usual characteristics seen
elsewhere. The joint becomes nodular and tender, and movements
of the shoulder are felt in it painfully. The presence of the same
disease elsewhere helps materially in a diagnosis. The treatment is

the same as that described already (page 1055).

AFFECTIONS OF THE SHOULDER JOINT.

This joint is comparatively rarely the seat of the affections which
ordinarily attack the other articulations. The reasons for this are

probably to be found in the fact that it is well covered by muscles,

and is thus sheltered from the vicissitudes of temperature and weather,

and besides is protected to a great measure from the effects of injury

by the great mobility of the scapula. Nevertheless, we do occasion-

ally meet with simple synovitis in its three degrees—acute, subacute,

and chronic—and the septic forms of the same disease. Besides these,

tubercular conditions may be met with and rheumatoid arthritis.

Simple acute synovitis of the shoulder.—This, when seen, is

usually the result either of exposure, injury, over-use, or strain. It

generally manifests itself by a sense of stiffness and weakness in the

pai't, followed by pain and swelling. The latter is best felt anteriorly

over the bicipital groove and on the axillary aspect of the capsule.

K K
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Here in most cases distinct fluctuation can be felt. Movements of

the joint, whether active or passive, are productive of pain, and are

in the latter case strongly resisted by the muscles which fix the
humerus to the scapula, and cause the two bones to move as a
whole. Together with this there will be increased heat in the part.

These symptoms will be sufficient for a diagnosis in most cases,

the rapid onset and general acuteness serving to distinguish the con-

dition from tuberculous invasion. The absence of general constitu-

tional disturbance distinguishes it from the septic form of synovitis.

The treatment consists in fixing the arm so as to prevent move-
ment in the joint ; and here nothing is better than strapping applied

as for a fractured clavicle by Sayre's method (page 804). But the

same immobilisation may be brought about by putting the arm in

a sling and securing it to the side by bandages encircling the body.

In addition to this, hot fomentations must be applied, combined
with belladonna and glycerine. When there is much distension of the

capsule, the joint should be aspirated. Leeches may also reduce the

tension, and should be placed over the front and inner aspect of the

capsule. When the inflammation has been by these measures allayed,

blisters and rubefacients are desirable, and, later, massage and
douching with hot salt water, together with regulated passive move-
ment. In certain cases where much stiffness remains after an attack

of simple acute synovitis it may be well to put the patient under an
anaesthetic, and forcibly move the joint in all directions, the scapula

being fixed by an assistant standing on the opposite side and clasping

his hands over the clavicle. This measure, however, should only be
adopted with great caution, and when all traces of the original

inflammation have disappeared. On the other hand, such stiffness

should not be allowed to remain too long untreated ; for muscular

atrophy sets in early, and the pain associated with the stiffness is

often completely relieved as soon as adhesions are broken down and

the movements of the joint are restored.

Simple subacute and chronic forms of synovitis of
the shoulder joint only differ from the acute in intensity and

duration, and need no special description here. They call for the

same treatment in the earlier stages as the same affections in

other joints (page 1034). The same rules, too, as regards forcible

passive movement apply here as in the case of the acute affection.

Acute, subacute, and chronic septic synovitis of the
shoulder may be said to be uncommon. When met with, the

same treatment must be employed as for other joints (page 1042).

When incisions have to be made to evacuate the effused fluid, they

should be placed anteriorly close to the bicipital groove; and, if

necessary, a counter-opening must be made behind, but this will not

always be necessary.

Tuberculous disease of the shoulder is less common, too,

than that of other joints, but is met with sufficiently often to

deserve close attention. It may start either in the synovial mem-

brane or in the bone ; and if in the latter, either under the encrusting
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cartilage of the head or in the growing line of the epiphysis of the
great tuberosity, or more rarely in the glenoid cavity.

Symptoms.—The diagnosis between the synovial form and
that commencing in the bones is not very difficult if the following

points are attended to, and the affection be seen in time. Early
effusion and limitation of movement indicate synovial disease.

Swelling of the soft parts and thickening of the bones without
much effusion and with a good deal of pain at night usually indicate

bone disease. But great difficulty is often experienced in diagnosing

the various forms of bone disease one from the other. But in these

days of aseptic exploration of joints by incision this is not of so much
importance as formerly. Still, if a distinction can be made between
disease of the great tuberosity which is developing outside the capsule

from disease of the head, or glenoid cavity, much is gained.

Tuberculous disease starting in the great tuberosity usually leads

to much bony thickening on the outer aspect of the head of the

humerus with considerable nocturnal pain, but without limitation of

the movement of the joint or effusion. Very soon a soft doughy spot

may be felt as the disease spreads and softens the bone, and later a

definite caseous abscess on the outer side of the head of the humerus.

This abscess will usually work its way forwards or backwards, rarely

through the deltoid outwards. But it must not be forgotten that if

neglected such disease will almost certainly involve the joint ulti-

mately.

Tuberculous disease commencing in the head of the bone proper,

either in the epiphysial line or under the cartilage, causes much
general thickening of the bone, and very soon extends to the surfaces

and to the synovial membrane.
The diagnosis of tuberculous disease of the shoulder from the other

affections is not very difficult, in view of the patient's history and the

gradual development of the condition.

The general treatment is the same as that for other joints (page

1049). The local treatment, on the other hand, differs in so far

as it has perhaps a better chance of success here than in almost any

other articulation. The reason for this is probably the ease with

which perfect immobilisation can be carried out in the shoulder

without interfering with outdoor exercise. In the very earliest

stages of the disease, either of the synovial membrane or bone, the

arm can be carried in a sling, secured to the side ; and unlike the

hip, knee, and ankle, the joint has nothing but its own weight to

contend against, and hangs in the position of greatest ease naturally.

There is no need, therefore, for elaborate appliances to keep it in posi-

tion, and all the aspects of the joint are left free for the applications

of remedies. These consist in blisters and discutients in the early

stages, and when these have done their work in reducing the hyper-

emia, friction and passive movement can be employed. Whether it

is that these can be so easily and efficiently applied in the earliest

stages of the disease, that they are followed by speedy relief, or

that there are factors in the case of the shoulder differing from other

K K 2
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joints, which render the tubercular process in the shoulder more
amenable, may be left an open question ; but the fact remains that

the disease much more rarely requires operative treatment than in

the other joints mentioned.

Occasionally, however, the process goes on to destruction of the

surfaces and the formation of caseous abscesses, and it becomes
necessary to evacuate the latter and remove diseased tissues. This
is best done through a long anterior incision over the bicipital groove.

When the tendon in the latter is reached it is lifted out of the

groove to the outer side, and all damaged tissue can then be excised

by gouge and chisel. This is better than the complete removal of

the end of the bone or resection of the glenoid hollow by any of

the formal resections formerly practised. Indeed, formal excision

of the shoulder joint for tuberculous disease may be said to be a

rare operation nowadays. Still, it may have to be done occa-

sionally, in neglected cases in which the process has been allowed

to run on to destruction of the head of the humerus and of the

glenoid cavity. But such an operation should be avoided whenever
possible.

Where the disease has started in the great tuberosity it should

be early dealt with by free incision over the softened or tender spot,

and by thorough gouging out of the morbid material. If left to

run on, the risks of infection of the joint are considerable.

Syphilitic disease of the shoulder joint.—This is a rare

affection, and only calls for passing notice. When seen it is usually

in the course of a syphilitic osteitis or periostitis of the head of the

humerus.
The treatment is that of tertiary syphilis of other parts.

Osteoarthritis of the Shoulder.—This is a very common and
a very troublesome affection. The general pathology, symptoms and
treatment have been already discussed (page 1052), and require no
further comment here. It only need be remarked that the disease

is especially painful when seated in the shoulder, and very soon

leads to stiffness and atrophy of all the muscles around. Everything

hould be done by massage and passive motion to prevent the latter,

and the patient may be assured that the more the arm is used the

less pain and stiffness there will be. The whole shoulder should also

be protected from changes of temperature by warm clothing and
special woollen coverings.

Synovial Cysts Of the Shoulder.—Apart from enlargement

of the bursa under the deltoid muscle these affections are rare. No
special description of them is necessary after what has been already

said upon the subject (page 1069).

Loose bodies in the Shoulder.—These are far from common,
and have the same pathology as those met with elsewhere.

The treatment will be removal through an anterior incision along

the bicipital groove.

Anchylosis of the shoulder joint.—This condition following

upon any form of destructive disease is a very serious one, whether only
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fibrous or actually bony. (See page 1067.) For,, although the free play
of the scapula on the ribs compensates to some extent for the loss of

movement in the joint, the latter, if completely spoiled, leads to a
very crippling condition. "When we remember that the shoulder
joint is designed for freer movement in all directions than any other
articulation in the body, this is easily understood. In all cases the
joint is fixed in the position of greatest rest, i.e. with the arm hang-
ing straight by the side. In this position, if rigid, the limb is very
helpless.

Where this limitation of movement is due simply to slight adhe-

sions of the surfaces and thickenings in the capsular structures, the

condition may often be much improved by massage, and, if this fails,

by forcible passive movement under an anaesthetic. There is always,

however, great difficulty in carrying out the latter, owing to the

difficulty of fixing the scapula ; and if the adhesions are firm, suffi-

cient force cannot be applied to tear them. And even if they were
torn, very little good would result ; for the raw surfaces would be
almost sure to re-unite, the painful condition of the shoulder pre-

venting the patient from active movement to any adequate extent.

A sufferer after such treatment is apt to suppose that he is exert-

ing the joint, when he is really only moving the scapula with the

humerus, and consequently the advantages of the forcible manipula-

tion under an anaesthetic are soon lost. In such cases where the

patient is very seriously crippled by the fixation of the joint, there

is nothing left but a formal excision of the head of the humerus.
This operation, if carefully carried out, whether for strong fibrous

anchylosis, or for synostosis, is very successful. The new bond of

union, which develops between the humerus and the scapula, admits

of free motion in all directions, and is nevertheless strong and
reliable. The operation itself calls for no detailed description in

this place.

AFFECTIONS OF THE ELBOW.

This joint is very subject to all the varieties of disease we have
been considering in connection with the other articulations. All

forms of synovitis are met with here, from the simple to the tuber-

culous, and the affections of the bones are no less frequent.

Simple Synovitis Of the elbow.—This, the result of injury,

strain, or exposure, manifests itself in the first place by a sense of

stiffness in the joint, soon followed by pain on movement. Swelling

soon supervenes upon this, being most marked at either side of

the olecranon behind where fluctuation will be felt if there is much
effusion. The joint, under these conditions, will be held in the attitude

of greatest ease—namely, semi-flexed and semi-pronated—and any

attempt to alter its position will cause considerable pain. The
changes in the synovial membrane in this affection have been already

considered (see page 1033), and it remains to deal with the treatment

here.
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The treatment is the same for all acute joint effusions. (See

page 1034.) In all cases absolute rest for the part above all. This is

best carried out on an angular splint placed on the inner aspect of

the limb, and adapted to its position of semi-flexion and semi-

pronation. Having secured the joint upon this, leeches may be
applied in sthenic cases, and when they have done their work and have
withdrawn a considerable quantity of blood, hot fomentations should

follow. By these means the vascular tension will usually be soon
relieved, and the absorption of the effusion within the joint will

follow. If there is much delay in the latter, an aspirator may be

cautiously used through one of the distended pouches behind, and
the fluid may be drawn off. After this, if the joint refill, it may be
again aspirated, or, by a succession of blisters applied over the

lateral aspects, the fluid may be made to disappear. Later, massage
and gentle passive movement may be begun, until all stiffness

has passed off, and active movements will follow as soon as the

pain subsides.

In the suppurative forms of the disease, whether traumatic or

pysemic, the general symptoms will be the same as in the last

affection, with the addition of deep redness and oedema round the

joint, and high fever. Here no time should be lost in relieving the

cavity by free incisions. These should be placed at either side of the

olecranon behind, and oiight to lay the synovial sac freely open, so

that every part of the joint can be washed out thoroughly with one

of the antiseptic solutions. Drainage should be provided for in these

cases until the inflammatory process has quieted down, and then the

drains must be at once removed, and the incisions encouraged to

close. During all this time the joint must be kept upon a suitable

splint at right angles, or at a somewhat acute angle, so that if

anchylosis be the sequel the limb may be .in the position of greatest

usefulness. But the position should be altered occasionally to the

straight line, and then returned to the right angle, so that adhesions

forming may be stretched. The older practice of subjecting the

joint to constant passive movement during the process of repair is

now almost entirely abandoned, as tending to keep up the inflam-

mation and increase the plastic exudation. Only when the separa-

tive process is nearly completed should movement be begun. In
other words, as soon as the patient begins to feel that the joint can

be gently flexed and extended without pain. Massage and passive

movement, as soon as all inflammatory action has subsided, will be

necessary for long periods, to restore these movements of the joint.

The simple subacute and chronic forms of synovitis
of the elbow have the same general pathology as in the case of

other joints (see page 1036), and need no special description.

The treatment of the subacute form consists in rest in the position

of greatest ease, with blisters and rubefacients. In those cases

where much effusion remains, aspiration is proper, followed by
strapping or elastic bandaging and massage.

In the chronic form the treatment is practically the same, but
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where a great deal of thickening of the synovial membrane remains
with loss of power, the joint should be opened and washed out, and,

at the same time, any redundant folds of synovial membrane should
be excised. After this the incisions should be carefully closed, and
usually without any drainage. In these cases much good often
follows alternate hot and cold douches, followed by regular
massage.

Syphilitic disease of the elbow has no special features

which need occupy us here. Enough has been said at page 1044 to

enable the student to recognise and treat it.

Tuberculous synovitis Of the elbow in its general characters

differs in no way from the same affection in other joints. (See

page 1046.) It is a common affection, and a particularly serious one,

the movements of the joints rarely escaping, unless the treatment
be early and thorough.

The symptoms are those of chronic synovitis, with pulpy swelling,

most marked at either side of the olecranon behind the joint, but the

latter, as a rule, is also generally swollen. The family and personal

history of the patient, and chronicity of the affection, together with
the absence of any other known cause for the persistence of the

condition, are our chief guides in diagnosis. In these cases there is

often but slight pain in ordinary movement, but there is much
stiffness from the beginning, and the limb is kept semi-flexed and
semi-pronated.

The treatment of this condition is one of the most difficult

problems in surgery. Where the affection is seen early in patients

of fairly good physique, it may be arrested by the ordinary con-

stitutional and local remedies for tuberculous synovitis combined
(see page 1049), but where it has been neglected or appears from the

first in delicate individuals, it is most intractable. One common
experience, however, should guide us, at all events in very young
children—namely, that in them the disease may be very severe and
run on to extensive abscess and sinuses, and yet in the end quiet

down and leave the joint, to all intents and purposes, as good as

before. In adults and half-grown young persons the case is quite

different, and where abscesses once form the result is usually a stiff

joint. With these facts before us, we should exhaust every kind

of palliative treatment in young children, including Bier's method
(page 1050), before having recourse to excision, while in the older

patients excision offers a better prospect than waiting, in many if

not in most cases.

The aim of operation in such cases should be to excise as much
of the synovial membrane as can be reached without destroying the

functions of the joint. To do this the latter may be opened from
behind in many ways, and a careful dissection be made in all directions.

Perhaps the best means of carrying this out is to make an oval or

H-shaped incision over the back of the joint, and then divide the

olecranon and turn it up within the upper flap. If the joint be now
fully flexed, the synovial pouches are thoroughly exposed, and can be
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dissected away completely. The olecranon is then wired in its old

position, and the wounds are closed. Any secondary foci found in

the bone must at the same time be removed with gouge or chisel.

When such an operation has been done with perfect asepsis, the

result is frequently complete arrest of the disease, and a limb but

little impaired in usefulness. But, in very young children, it is

better, perhaps, to deal with the foci of softening as they occur, by
opening and scraping them out, the limb being kept at a right angle

the whole time.

This is a joint which lends itself par excellence to Bier's treatment
together with the injection of iodoform

in suspension (page 1050).

When the bones are the seat of the

primary tuberculous disease in children,

or are deeply involved in disease se-

condary to the synovial affection, the

same rule of waiting and dealing with
the foci as they soften may be followed,

but with adults the case is different. In
these the joint must be opened as just

described, and all tuberculous osseous

tissue be removed.

In many cases it may be possible to

do this without sacrificing the ends of

the bones completely, by dividing the

olecranon and using the gouge freely, but
often it will be necessary to adopt the

old classical excision in one or other of

its forms.

It is very hard to lay down rules for

guidance in these cases, but this much
may be said, that surgery is becoming
every day more conservative in dealing

with them. It will be remembered that the osseous form of

tuberculous disease in the elbow may start from either of the

three bones primarily, either at the epiphysial lines or under the

encrusting cartilage, or it may be secondary to disease commencing
primarily in the synovial membrane as in Fig. 461. In Fig. 462 the

disease is seen distinctly in three situations

—

(a) under the encrust-

ing cartilage
; (6) in the epiphysis of the olecranon

;
(c) in the

synovial pouches.

Position after excision.—When partial or complete excision of

the elbow has been performed, the question arises : What position

is best for the joint during the process of healing 1 Formerly, that

of flexion to a right angle and semi-pronation was always recom-

mended in view of possible, or, indeed, probable anchylosis. But
now, with aseptic wounds, we need not fear the latter so much, and
may put up the limb at first quite straight or semi-flexed, with slight

pronation ; in fact, in the position of greatest ease to the patient.

Fig. 461.—Tuberculous Disease
of the Elbow, starting in the
synovial membrane and ex-

tending to the cartilages.
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I am in favour of abandoning all splints in these cases on theoretical

and practical grounds, and of trusting for support to abundance of

padding of wool round the joint. This gives sufficient support to

the joint, and what little movement is permitted by the elasticity of

the dressing is rather beneficial than otherwise. As to the question
of passive movement in such cases, I am in accord with those who
hold that this need not be carried out in the way formerly thought
necessary. Indeed, it is not required at all at first. But when the

•wounds have soundly healed the joint may be gently moved in

various directions, so far as this movement gives no pain. But the

patient should be encouraged to use the joint as soon as ever he
can, which will be so soon as it becomes more or less free from pain.

Massage will also be of great use at this period in preventing atrophy
of the muscles, and in keeping up the nutrition of the parts during
the processes of repair.

Osteo-afthritiS Of the elbow.—This is not an uncommon
affection in any or all its forms, and much limitation of movement
may be the result.

Figp. 462.—Extensive Tuberculous Disease of the Elbow Joint involving Epiphyses,
encrusting cartilage and synovial membrane.

The diagnosis is easy, as a rule, in view of the fact that other

joints are usually affected at the same time and to a larger extent,

and that the joint, being so exposed, will easily show irregularities

of shape and movement. The general and local treatment are the

same as for other joints (page 1055).

Anchylosis Of the elbow.—This condition not infrequently

follows upon destructive disease of the joint, and may be a source

of great discomfort to the patient. If the anchylosis have taken
place at a right angle, the limb may be fairly useful for some pur-

poses, but is much crippled for all ordinary work. If the union of

the bones, on the other hand,* have taken place in the straight posi-

tion, though the limb may be iiseful for some handicrafts, the patient

is unable to bring the hand to the head and cannot feed himself.

In either of these cases the only course to pursue is to perform a

classical excision and remove enough bone to ensure that the

bond of union following the operation will be only fibrous. It is

remarkable what excellent results follow this operation at the

present day, a joint being formed almost equal in strength to the

natural one.

K K *
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In the case of very young children this formal excision should

not be done. The operation must be postponed until the limb has

developed almost or entirely to its full extent, and can then be
undertaken with the best prospects of a useful limb.

Neuralgia Of the elbow is not infrequently met with as a

sequence of the inflammatory affections of the part. Here it

manifests itself in shooting pains, not always depending on movement,
and unassociated with any evidence of active disease of the joint.

It is most usually met with in debilitated neurotic individuals

subject to neuralgic pains of other parts.

The treatment consists in tonics and attention to the general

health, with blisters or the application of the actual cautery to the

painful spots. Later, rubefacients, such as tr. iodi, will be bene-

ficial, and massage. The use of the joint should be encouraged.

Neoplasms about the elbow.—These are the usual new
growths of bones and periosteum, and are mostly met w*ith in young
adults. Thus we meet with chondromata, osteomata, and the varieties

of the sarcoma group affecting either the lower end of the humerus
or the ends of the radius and ulna.

Sometimes it is possible to remove them without sacrificing

the joint, but, as a rule, the only safe treatment is amputation well

above the disease.

Cysts about the elbow are rare, but may be met with either

as bursal enlargements, or as distensions of parts of the capsule

of the joint.

Their diagnosis is not a matter of much difficulty when their

history and slow formation are taken into account.

Their treatment consists in careful dissection of the cyst out

of its bed and suture of the last portion, if it cannot be reached

without sacrificing the joint.

In many cases this will be sufficient here as in the neighbour-

hood of other joints.

Loose bodies in the elbow joint.—These are not very fre-

quently met with. When present they have the same general

pathology, symptoms and treatment as described elsewhere (page

1070). Most frequently they spring from pendulous folds of synovial

membrane, the result of chronic inflammation (Fig. 430).

AFFECTIONS OF THE WRIST JOINTS.

Simple synovitis.—In this, as i$i the other joints, the various

forms of acute, subacute, and chronic synovitis, are met with; but

for some reason, not easy to determine, are less common than in the

larger joints. When met with they are usually the result of in-

fection in the course of general septic intoxication of one kind or

another, whether, for instance, it be in the course of a gonorrhoea or

a typical pyaemia. As the result of injury and over-use, pure and

simple, these forms of synovitis are comparatively rare, probably

owing to the fact that the great mobility of the hand enables it
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to escape the effect of those forces in a way that in a more unyielding
part would not be possible.

The symptoms of acute synovitis of the wrist, however produced,
are similar to those observed in other joints. At first there is stiff-

ness, then pain of a dull aching character follows, and before long
swelling most marked on the dorsal aspect. If the affection be very
acute, and especially if septic, there will be oedema of the subcutan-
eous tissue. Fluctuation of fluid in the joint can rarely be felt,

the capsule being comparatively small and covered on both aspects
by tendons. In uncomplicated cases the latter move freely and
without pain in their sheaths, and the fingers can be flexed and
extended without difficulty. But in many cases the inflammatory
irritation has extended from the joint to the tendon sheaths, and
all movements of the tendons within the latter are painful, as is also

pressure over the joint.

The treatment of simple traumatic cases is easily carried out. It

consists in absolute rest on a splint, such as that depicted in Fig.

Fig. 463.—Leather Splint for the Wrist.

463 and in the elevated position. General rest in bed will also be
desirable at first, to quiet the circulation, and saline aperients will

also help in relieving vascular tension.

Locally, ice or evaporating lotions may be applied at the outset,

and, later, hot fomentations with belladonna. If seen very early

leeches ought to be applied in cases where there is much tension.

Under these remedies, simple acute synovitis, as a rule, subsides

rapidly in robust individuals, and nothing but stiffness and some
swelling is left behind. These effects will often give much
trouble, owing to the painful neuralgic conditions left, as the

consequence of the bygone inflammation and the consequent dis-

inclination of the patient to use the part. They are best met by
rubefacients and massage, followed by regular passive motion.

Sometimes it will be necessary to break down adhesions under an
anaesthetic, but this must be resorted to with much caution. When
all traces of active inflammation have passed off, the patient should

be encouraged to use the hand freely in every way.

"When this acute inflammation is due to sepsis, early incisions

should be made into the joint behind at either side of the extensor

tendons, followed by free flushing of the sac, either with sterilised

hot water or some mild germicide. The cavity is also to be carefully

K K * 2
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drained, as long as effusion is abundant. Many such cases recover
with wonderfully little permanent injury if this treatment be care-

fully carried out, but some are left with much stiffness.

The subacute and chronicforms of these affections differ only in

degree, and require the same treatment in less vigorous shape.

Tuberculous disease Of the wrist may be primary either in its

synovial membrane or its bones, or may be secondary to tuberculous

teno-sj'novitis starting in any of the tendon sheaths round the joint.

In any case it is a very grave affection, and most intractable. When
synovial at the outset, it as a rule soon attacks the bones, and spreads

to the whole carpus in many cases.

The symptoms are stiffness, followed by uneasiness and a little

pain. As a rule, the latter in the earlier stages of the affection is

very moderate, and the tendons may move freely over the joint with-

out suffering or limitation. Presently the swelling becomes very
marked, and the swollen, doughy wrist presents a characteristic

appearance. The softness and doughiness are most marked behind at

either side of the extensor tendons. Then as the bones become more
deeply engaged and lose their encrusting cartilage, the pain becomes
very severe and continuous, aggravated by the slightest movement.
The suffering often tells very much upon the patient's sleep and
general health, and he becomes thin and weak.

Treatment.—The general treatment is that for tuberculosis in

any part of the body. (See page 1049.)

The local treatment consists in perfect rest on a splint, such as

that already figured. Blisters may be applied in the early stages or

other counter-irritants, and Bier's method (page 1050), with or

without the injection of iodoform in suspension, should be given a

fair trial. Some of the results of the latter which I have seen have
been quite surprising, especially in this joint.

But where these means fail, and the tuberculous material either in

the bones or synovial membrane is undergoing caseation and soften-

ing, as indicated by thinning of the soft parts and fluctuation, nothing

is left but a more or less formal excision of the diseased tissue. In

such cases I am in favour of as limited operative interference

as possible, incisions being made wherever there is evidence of

softened tissue, and through these the removal of the morbid matter,

with free eoueino- and flushing and immediate closure of the wound.
These measures will, in my opinion, accomplish all that can be

achieved by the most radical excision, and with less risk. But these

cases are not very satisfactory, as a rule, and where recurrence is

obvious, and any further interference would leave a very much
impaired articulation, amputation is required in but too many
instances.

The great hope for the future lies here in very early diagnosis

and energetic treatment.

Osteo-arthritis Of the wrist.—This is a common and most
intractable affection. The rules already given for its treatment in

other joints apply here, and need not be repeated.
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AFFECTIONS OF THE AMPHI-ARTHRODIAL JOINTS.

The most important of these are the articulations of the bodies of

the vertebrae, of the pubic bones and of the sacrum on each side, with
the ossa innominata.

The first of these, considered in the Article on Diseases of
the Spine, need not be further alluded to here.

Disease Of the Symphysis pubis.—Disease here is not at all

common, and when met with is usually the result of septic inflam-

mation in the course of pyaemia or of tuberculous deposit. In the
first case the local disease will take quite a secondary place to the
general. It is mostly characterised by rapid swelling and effusion

over the joint, with redness and oedema. If left to itself the collection

will burst, probably through the skin, but may make its way back-
wards into the pelvis.

The treatment is early evacuation and drainage. If the patient

survive the general infection, it may be desirable subsequently to

scrape out the carious surfaces of the joint; or if this is not
adequate, to resect the diseased surfaces, wiring together the clean-

eut ends.

In tuberculous disease of this joint the proper treatment will be
removal by gouging and scraping of the softened tissue, and perfect

rest for long periods on the back. When the patient is well enough
to get up, a firm case of plaster-of-Paris closely fitting the whole
pelvis, and running as low and as high as possible, will give much
support.

In operating upon such disease the aim should be to remove it

before it has extensively invaded the surrounding parts, or has burst

through the skin. When this is done it may be possible to secure

primary union of the wound without any sinus.

Disease of the sacro-iliac joint.—What has just been said

of the symphysis pubis applies equally to this joint as regards

its general pathology — namely, it may be the seat of secondary

septic infection in the course of chronic or acute pyaemia, or it

may become infected with tubercle. It is not necessary to speak

in detail of the first condition. If abscesses form in and about

the joint, they are evacuated and washed out early. If the patient

survive the general infection, the condition in the joint will probably

heal in time with careful drainage, if not subsequently infected

with tubercle. In any case convalescence will be very slow, and

the recumbent position must be insisted on for months, bearing in

mind the great strain put upon both joints in the erect position, and

the probability of this being injurious if the process of healing is

incomplete.

Tuberculous disease of this joint is one of the most
serious conditions possible, and until within the last few years was
considered by all who gave special attention to the subject as invari-

ably fatal in the long run. Of late, however, owing to improve-

ments in the methods of dealing with tuberculous disease generally
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and locally, and the recognition of its true nature, we have had
better results, and it may now be regarded as by no means so deadly

as formerly. I have had lately several most encouraging cases where
extensive disease of this joint with large abscesses was successfully

combated, and brought to a standstill.

Symptoms.—The history of tuberculous sacro-iliac disease is at

first, as a rule, most indefinite. It is usually seen among young
adults from twenty to thirty, though also met with among children

and those in the decline of life. The first thing complained of is, as

a rule, fatigue and a sense of weakness in the lower part of the back.

This is followed by aching pain, aggravated by exertion, and severe

towards the close of the day. But probably before this stage is

reached the sense of weakness will have prevented the patient from
taking any exercise, and he will remain recumbent most of the day.

This is not invariably the case, and I have seen a case terminating

rapidly in death from abscess and exhaustion, in which the patient

was able, for a while, to walk about and jar the pelvis by stamping
with the foot, even while the abscesses were forming, without any
marked distress or weakness. Everything depends upon the extent

to which the synchondrosis is involved. If only one border is

affected, and the rest of the joint is firm, the weight of the body may
be well borne, as well as jars and strains. But if the whole surface

be implicated, the patients will feel—as they express it
—" broken in

two/' and the ilium may be so loosely attached to the sacrum that

the patient may be conscious of the grating. Sometimes, too, lateral

pressure on the crests of the ilium may produce pain in the joint,

but this is obviously only likely tp take place when considerable

disease is present. If the disease be seated on the anterior aspect

of the joint, pain along the course of the nerves, derived from the

lumbar plexus, may be a notable symptom, and cases have been
mistaken for ordinary sciatica which turned out to be sacro-iliac

disease, associated with abscess, running along the course of the

plexus. In such cases, too, the psoas muscle may be irritated and
more or less contracted.

One of the early symptoms of this disease is certainly abscess.

For very often the ligamentous supports of the joint remain firm

enough to guard it against movement and production of any pain,

until an abscess is formed and quite apparent. Such collections

may present in various situations. Those derived from disease on

the posterior aspect of the articulation will usually show best just

over the joint ; but they may travel outwards under the gluteus into

the buttock, and present below the border of the muscle. Those on
the front of the synchondrosis may pass along the small rotators of

the thigh, through the sciatic notch, and come to the surface behind

the great trochanter, or, on the other hand, if the patient preserve

the recumbent position, they may run upwards and over the upper

border of the joint to present posteriorly. Again, they may burst

into the caecum or rectum. In these cases, if the abscess be allowed

to burst spontaneously, the result is almost invariably the same.
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After a longer or shorter interval the cavity becomes septic, and the

patient is worn out with hectic fever or cut short by one of the acute
wound infections.

There appears to be a good deal of evidence that this disease

is more likely to begin on the borders of the joint than towards
its deeper central portions. And this is fortunate, as regards

treatment.

The treatment at the present day is far more radical than
formerly. We now know that large portions of the articulation, if

diseased, may be removed with advantage by operation. In carrying

out the latter the incisions should be free, and the aim should be to

reach all parts of the diseased area. No definite rules can be laid

down for these incisions, but in any case the aim should be to

remove by chisel or flushing-gouge every trace of tuberculous material,

whether it lie in the bones or soft parts, or in the resulting abscess.

The disease should always be thus attacked before any breach of

surface and formation of sinuses has taken place, and after removal
of the morbid material the wound may be closed without drainage.

If by this means union by first intention be secured, the whole
process may be arrested without any open sinus. And, even if

recurrence take place, a second or even third operation on the same
lines may succeed where the first has failed, and the patient be left

with a sound bone, and without external opening. At all events, if

the latter cannot ultimately be avoided, and a sinus form, it will

lead down to a much reduced focus of disease, and, perhaps, only

after consolidation has taken place to a large extent, and all extensive

abscess formations have ceased.

Working on these lines, I have lately treated a case of exten-

sive sacro-iliac disease on both joints combined, with a huge
abscess running from side to side in front of the sacrum. This was
opened and flushed out, scraped, and at the same time the bone

disease was gouged away. Primary union was obtained after the

first and second operations ; but after the third, sinuses formed, but

led down to a much reduced focus of disease. Ultimately the

patient was sent to the country able to walk, but came back with

some recurrence. The abscess was again opened, and bone was
gouged away, and the whole cavity scraped and flushed. There are

still small sinuses, but the patient is daily gaining strength, and
there appears every prospect of a favourable termination before

long.

When allowed to get up, the pelvis should be supported by a

plaster-of-Paris case carefully and closely applied, and carried up as

high as the thorax, and as low as the trochanters. Of course,

every kind of constitutional treatment suitable to tuberculous

disease is carried out by means of tonics and dieting, and prolonged

rest for months is enjoined.

Disease of the sacro-coccygeal joint.—This may follow on

general pysemic infection on injury, or tuberculous infection as a

sequel to the latter. There is little or no difficulty in diagnosis in
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either case. The seat of the swelling, pain, and ultimate abscess

will soon betray the nature of the affection.

No special rules need be laid down for treatment, but it should

be remembered that in many cases the condition is best met by
the careful excision of the whole coccyx, which will remove all

diseased tissue, and leave the patient with less pain and general

suffering, either on sitting down or defsecation, than even if the

disease were brought to a standstill by less radical measures. "For

in those cases in which the active disease has been ai'rested by the

ordinary modes of treatment, a very painful and harassing state of

things remains, which has often ultimately to be met by excision.

END OF VOL. I
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Enchoudroma, 452
Endocyst, 322
Epiphyses, Separation of, 74

1

Epiphysitis, Acute, 883, 1065
Subacute, 1066
Syphilitic, 425
Tuberculous, 1062

Epithelial odontomes, 935
tumours, 475

Epithelioma, 124, 478
Course of, 479
Origin of, 47S
Structure of, 478
terebrant, 93S
Treatment of, 481

Epulis, 458, 934'

Equinia, 308
Erectile tumours, 580
Ergot, Gangrene due to, 145

Erysipelas, 157
Cellulo-cutaneous, 157, 165
Complications of, 161

Cutaneous, 157, 158

Diagnosis of, 163

Duration of, 160

Effect of, on injuries, 267
Incubation period of, 158
migrans, 160
neonatorum, 163
Pathology of, 163

Phlegmonous, 157,165
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Erysipelas, Prognosis of, 162
Simple, 157, 158
Treatment of, 168
Varieties of, 157

Ether as an anaesthetic, 274
How to administer, 274
inhalers, 274
spray as an anaesthetic, 292

Etliylchloride as an anaesthetic, 293
Excision of ankle, 1117

of elbow, 1127
of hip, 1090
of knee, 1105
of shoulder, 1124
of wrist, 1132

Exostosis, 455
Extraction of teeth, 943
Exudation, Croupous, 59

Hemorrhagic, 59

Serous, 59

Eye affections in syphilis, 401, 425,

428
Eyeball, Melanoma of, 470

F.

False joint in fracture, 792
Farcy, 308

Fat embolism, 155, 765

Fatty hernia, 451

tumour, 449
Femoral aneurysm, 656

Femur, Fractures of, 835
of lower end of, 845
of neck of, 836

of shaft of, 844

of trochanters of, 843
of upper end of, 836

Separation of epiphyses of, 836,

843, 846

Fever, Aseptic, 208
Hemorrhagic, 525
Hectic, 95, 100

Surgical, 18, 65, 92, 95, 208, 222

Traumatic, 208, 222

Fibro-sarcoma, 467
Fibroids of uterus, 462
Fibroma, 458, 910
Fibrous tumours, 458
Fibula, Dislocations of, 1012

Fractures of, 863, 867, 870

Filaria sanguinis hominis, 331, 675
Filariae, Symptoms produced by, 333,

675
Treatment of, 333, 677

First intention, Healing by, 202, 209
Fissure fracture, 736
Fissures, Congenital, 487
Fistula, 101

Fistula, Causes of, 102
Treatment of, 1 03
Varieties of, 102

Fistulae, Congenital, 487
Fluctuation in abscess, 85
Follicular odontomes, 456, 935
Foot, Dislocations of, 1017, 1023, 1026,

1028
Fractures of, 871
Perforating ulcer of, 112 121,

704
Fore-arm, Fractures of, 822
Fowl cholera, Bacillus of, 38
Fractures and ataxy, 727

and bone disease, 727
Amputation in, 776
Causes of, 724, 731
Comminuted, 740
Complete, 737
Compound, 734
Compression, 731
Course of, 764
Crepitus in, 752
Defective union of, 790
Deformity in, 749
Delayed union of, 790
Displacement in, 745
Double, 741
Fibrous union of, 791

First help in, 767, 775
Fissure, 736
Flexion, 731
Gangrene in, 787
Greenstick, 735
Incomplete, 735
Injuries of nerves in, 689, 798

of vessels in, 783
Measurements in, 750
Non-union of, 791
Oblique, 737
Eepair of, 753, 761
Eepeated, 797
Setting of, 768
Signs of, 748
Simple, 734
Special. (See individual bones)
Spiral, 738
Splints for, 768
Spontaneous, 704
Statistics of, 723
Thrombosis in, 788
Time of union of, 763
Traction, 731
Transverse, 737
Treatment of, 767, 775
Union of, 753, 761
Varieties of, 734
due to direct violence, 732

indirect violence, 732

muscular violence, 733
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Fractures, Vicious union of, 796, 799
Fragilitas ossium, 727
Frost-bite, 136

Degrees of, 137
Furunculus, 136, 711
Fusiform aneurysm, 590, 592, 593

a.

Gangrene, 60, 128

Acute traumatic, 147, 1G3
Direct, 129, 132
Dry, 129
Indirect, 129, 139

Line of separation in, 130
Moist, 129, 130

Senile, 129, 139

Specific, 129, 147
Symmetrical, 144
Treatment of, 131

Varieties of, 132

after ligature of arteries, 534
after tight bandaging, 142

and paralysis, 143

due to cold, 136

due to ergot, 145

due to heat, 136

due to inflammation, 135
due to obstruction of vessels, 142
due to pressure, 134

due to vascular changes, 139
in acute fevers, 145

in diabetes, 145
in fractures, 787

Giant cells in tubercle, 346
Gland enlargement in syphilis, 398
Glanders, 308

Acute, 310
bacillus, 35, 308
Chronic, 310
Diagnosis of, 311
Infection in, 309
Morbid anatomy of, 309
Symptoms of, 309
Treatment of, 311

Glands, Tuberculous, 671
Glenoid fossa, Fracture of, 809
Glioma, 460
Glossitis, Syphilitic* 399, 415, 424
Gluteal aneurysm, 656
Gomme scrofuleuse, 97, 362
Gonorrhoea, 433

Complications of, 438
Course of, 433
Cystitis in, 441
Incubation of, 434
in the female, 441
Ophthalmia in, 440
Rheumatism in, 441

Gonorrhoea, Stages of, 433
Treatment of, 437

Gout, 1039, 1050
Grafting of nerves, 687

of skin, 116
Granulation, Healing by, 203, 205

tissue, 60, 204
Greenstick fracture, 735
Guinea worm, 329

Symptoms of, 330
Treatment of, 330

Gumma, 406, 408, 411, 415, 893
Scrofulous, 97, 362

Gums, Diseases of, 923
Tumours of, 933

Gunshot fractures, 241, 248
wound of arteries, 238, 247, 503
wounds, 235

Amputation in, 249
Complications of, 245
Conditions of, 239
Course of, 245
Symptoms of, 237
Treatment of, 239, 245

Guttapercha splints', 770

H.

Hsematuria due to Bilharzia, 336
Haemophilia, 376

affecting joints, 1073
Effect of, on injuries, 267
Inheritance of, 376
Symptoms of, 377
Treatment of, 378

Haemorrhage, 506
Amount lost, 524
Effects of, 524
External, 537
Intermediary, 540
Internal, 538
Natural arrest of, 506, 510
Primary, 538
Reactionary, 541

Secondary, 541
Surgical arrest of, 513

Treatment of, 513, 526
Varieties of, 536
Venous, 510
from head or neck, 549

from gunshot wounds, 238, 247, 503
from lower limb, 551
from trunk, 550
from upper limb, 551
in fractures, 785

Hsemorrhagic diathesis, 376
ulcer, 112

Hasmarthrus, 1034
Hair, Condition of, in syphilis, 398, 423
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Hand, Dislocations of, 990
Fractures of, 832

Healing by blood clot, 206
by first intention, 202, 209
by granulation, 203, 205
by scabbing, 207
by union of granulations, 205
Conditions that interfere with, 209
of wounds, 202

Health, Effect of, on injuries, 262
Heart disease, Effect of, on injuries,

269
Hectic fever, 95, 100
Hernia, Fatty, 451

Hilton's method of opening abscesses,

88

Hip, Compound dislocations of, 1006
Congenital dislocations of, 1006
Dislocations of, 903

Anatomy of, 996
Mechanism of, 994
Varieties of, 997

Injuries to, 842

Hip joint, Anchylosis of, 1097
Acute synovitis 'of, 1075
disease, 1075

Abscess in, 1087
Deformity in, 1082
Operations for, 1090

Stages of, 1084

Varieties of, 1075
Erasion of, 1090
Excision of, 1090
Neoplasms about, 1098
Osteo-arthritis of, 1096
Septic synovitis of, 1078
Tuberculous disease of, 1080

Hodgen's splint, 854
Hodgkin's disease, 466, 673, 074
Horns, 476, 710
Humerus, Dislocation of, 966

Fracture of. 809

of lower end, 817
of neck, 813
of upper end of, 809

Separation of lower epiphysis of,

818
of upper epiphysis of, 811

Hunterian operation for aneurysm, 616

Hydatid cysts, 321

Seats of, 323
Symptoms of, 324

Treatment of, 324
Hydrocele, 493

" Chylous, 675
Fatty, 675
of neck, 678

Hydrophobia and tetanus, 193, 305

Causes of, 301

Diagnosis of, 305

Hydrophobia, Incubation of, 302
Pathology of, 303
Prognosis in, 305
Stages of, 304
Symptoms of, 303
Treatment of, 306

Hydrops articuli, 1035, 1101
Hygroma, 678
Hypertrophy of bone, 896
Hypochondriasis, 383
Hysteria, 379

in its surgical relations, 379
in the male, 383
Treatment of, 383
Symptoms of, 379, 380

Hysterical joint, 381, 1074
spine, 381
subjects, 379
vomiting, 383

I.

Ilium, Fractures of, 833
Immunity and bacteria, 21
Implantation cysts, 4S9
Incubation of gonorrhoea, 434

of syphilis, 385
Infarcts in pyaemia, 177
Infection, Purulent, 171, 209
Infective osteomyelitis, 880

periostitis, 876
ulcer, 105

Inflamed ulcer, 110, 119
Inflammation, 53

Acute, 63

Causes of, 62, 71
Chronic, 71

Endings of, 59

Exudation in, 58

General signs of, 65
Local signs of, 63
Phenomena of, 53

Stasis in, 54, 55

Symptoms of, 63, 72

Treatment of, 67, 73

and gangrene, 60, 135, 178
and repair, 53

Inflammatory fever, 18,65, 92, 208, 222

Influenza, Bacillus of, 33

Ingrowing toe-nail, 719
Inguinal aneurysm, 655

Inhalers for chloroform, 277
for ether, 274

Inherited syphilis, 420
Bone lesions of, 424, 428, 895

Injuries as influencing constitutional

conditions, 260

Effects of diseases on, 260

Innervation, Imperfect, and gangrene,

143
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Innocency in tumours, 443
Innominate aneurysm, 643

Insect stings, 298
Instruments, Disinfection of, 214

Intermediary haemorrhage, 540

Intermediate stage of syphilis, 406
Intracranial aneurysm, 648
Intra-orbital aneurysm, 649

Interstitial keratitis, 425, 427
Iodide of potassium rash, 721

Iritis Syphilitic, 401, 426, 428
Irrigation of wounds, 216
Irritable ulcer, 110, 119
Ivory osteoma, 907

Jaws, Anchylosis of, 941

Closure of, 941

Defects of, 941
Diseases of, 923
Dislocations of, 957
Necrosis of, 927
Osteoma of, 932
Periostitis of, 927
Sarcoma of, 932
Tumours of, 932, 939

Jigger, 327
Joint disease, Charcot's, 701, 1064

commencing in bone, 1060
Hysterical, 381, 1074

Joints, Anchylosis of, 1067
Condition of, in pyaemia, 180, 182
Contusions of, 946
Diseases of, 1031
Dislocations of, 951
Injuries of, 946
Gunshot injuries of, 240, 243, 249
Loose bodies in, 454, 1070
Neuralgia of, 1074
Sprains of, 947
Suppuration of, 950, 1041

Tumours of, 1068
Wounds of, 949
affected with haemophilia, 1073

Junker's inhaler, 278

K.

Keratitis, Interstitial, 425, 427
Kidney disease, Effect of, on injuries,

270
Knee joint, Anchylosis of, 1112

Diseases of, 1098
Dislocations of, 1013
Excision of, 1105
Hydrops of, 1 1 01

Injuries of, 845, 857, 862, 1013
Internal derangement of, 1015,

1071

Knee, Neoplasms about, 1114
Osteo-arthritis of, 1111
Subluxation of, 1015, 1071
Suppuration of, 1101
Synovitis of, 1098
Syphilitic disease of, 1111
Tuberculous disease of, 1103

Kocher's method of reducing disloca-

tions of shoulder, 974

Lacerated wounds, 228
Lacerations, 228
Larynx, Syphilitic affections of, 399,

416
Late rickets, 373
Lead poisoning, 923
Leg, Fractures of the, 862
Leontiasis ossea, 905, 929
Leptothrix, 1

Leucocytlmemia, Effects of, on injuries.

266
Leukoplakia, 415
Ligaments, Diseases of, 1056

New growths of, 1057
Ligature for aneurysm, 616

of arteries, 519, 529

Effects of, 529
Gangrene after, 554

Ligatures, 217, 521

Lipoma, 449, 910
arborescens, 451
Clinical features of, 452
Diffuse, 450
Varieties of, 450

Listerian method of wound treatment,

213
Liston's splint, 850
Liver disease, Effect of, on injuries, 270
Locomotor ataxy and joint disease,

701, 1064

Loose bodies in joints, 454, 1070
in cartilages, 454, 1070

Lung disease, Effects of, on injuries,

265, 269
Lupus, 123, 715

Complications of, 717
Diagnosis of, 716
Stages of, 715
Syphilitic, 413, 426
Treatment of, 717
lymphaticus, 664, 666
erythematosus, 715
vulgaris, 414, 715

Luxations. (See Dislocations}
Lymph scrotum, 331, 675
Lymphadenitis, 668, 670
Lymphadenoma, 673, 674
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Lymphangioma, 663
Lymphangiectasis, 664
Lymphangioma cavernosum, 679
Lymphangitis, 665
Lymphatic fistula, 662

glands, Atrophy of, 672
Hypertrophy of, 672
Secondary growths of, 677
Tubercle of, 670

Lymphatics, Congenital defects of, 678
Dilatation of, 663
Inflammation of, 665, 66S
Injuries of, 662

Lympho-sarcoma, 466, 674
Lymphoma, 673
Lymphorrhagia, 662
Lymphorrhoea, 662

M.

Maclntyre's splint, 866
Macrochilia, 680
Microglossia, 679
Madura foot, 50, 337

Morbid anatomy of, 338
Symptoms of, 338
Treatment of, 339

Magazine bullet, 235, 244
Malaria, Effect of, on injuries, 267
Malgaigne's hooks, 859
Malignancy in tumours, 443
Malignant oedema, 148

Bacillus of, 46
pustule. {See Anthrax)

Mandible, Defectivedevelopment of,941

Massage in chronic inflammation, 77
Meckel's ganglion, Eemoval of, 696
Medicinal eruptions, 720
Medio-tarsal joint, Dislocation at, 1028

Melano-sarcoma, 469, 718
Melanoma, 469, 718
Melanosis, 469, 718
Mercury and necrosis, 885

in syphilis, 403
Metacarpus, Dislocations of, 990

Fractures of, 832
Metatarsus, Dislocations of, 1029

Fractures of, 872
Microbic infection, Diseases due to, 294
Micrococcus gingivae pyogenes, 31

gonorrhoeas, 29, 433
lanceolatus, 11

pneumonias, 30
tetragenes, 31

Miliary tubercle, 343
Military surgery, 235
Mimicry of disease, 380
Moist gangrene, 129
Moles, 469

Molluscum contagiosum, 714
fibrosum, 458

Morphine in anaesthesia, 280
Mucous membrane, Erysipelas of, 159

Suppuration of, 90
Syphilis of, 398, 415, 423
"Wounds of, 225

patches, 395, 423
Muscle tumour, 462
Muscles, Gunshot injuries of, 239
Mycetoma, 50, 337
Myeloid sarcoma, 468, 914
Myo-sarcoma, 467
Myoma, 462

Varieties of, 462
Myxoma, 460

N.

Naevus, 462, 580
Cavernous, 580
Characters of, 581
Simple, 580
Treatment of, 582

Nails, Affections of, 719
in syphilis, 398

Nathan Smith's splint, 855

Neck of femur, Fractures of, 836
Necrosis, 876, 884, 893

Acute, 876
Central, 885
Mercurial, 885
Peripheral, 885
Phosphorus, 884, 928
Quiet, 887
Syphilitic, 408, 424, 893
of jaws, 927
with suppuration, 884
without suppuration, 887

Neoplasms, 443
Nerve-stretching, 693
Nerves, Contusion of, 687

Diseases of, 690
Effects of division of, 681

Excision of, 695
Grafting of, 687
Gunshot injuries of, 229
Injuries of, 681, 689

in fractures, 789
Operations on, 693

Special, 696

Pressure on, 688
Section of, 681

Suture of, 685
Tumours of, 461, 69S
Union of, 685

Wounds of, 681, 686

Nervous affections, Effect of, on in-

juries, 268
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Nervous system, Syphilitic affections-

of, 418, 431
Neural cysts, 495
Neuralgia, 690

Causes of, 690
Epileptiform, 691

Symptoms of, 691
Treatment of, 691
of joints, 1074

Neurectomy, 695
Neuro- fibroma, 461
Neuro-myxoma, 460
Neuro-retinitis, Syphilitic, 402
Neuroma, 461, 698

Varieties of, 461, 698
Neuromimesis, 380
Neuroses having surgical relations,

379
Neurotomy, 695
New growths, 443
Nitrous oxide as an anaesthetic, 273

How to administer, 273
Node, Strumous, 97, 362

Syphilitic, 408, 429, 892, 895
Noma vulvse, 150
Non-infective ulcer, 105

O.

Obesity, Effect of, on injuries, 263
Obturator dislocation of hip, 1003
Odontomes, 456, 935

Varieties of, 456, 935
OZdema, Malignant, 46, 148
Old age, Effect of, on injuries, 261
Olecranon, Fractures of, 822
Onychia maligna, 720
Operations, Antiseptic measures in, 214

Effects of diseases on, 260
General management of, 213

treatment after, 221
Preparations for, 214

Ophthalmia, Gonorrhoeal, 440
Opisthotonos, 190

Oriental sore, 326
Ormsby's ether inhaler, 275
Orthotonos, 190
Os calcis, Fractures of, 871

pubis, Fractures of, 833
Osteitis, 873

deformans, 901
Earefying, 873
Syphilitic, 407, 424, 428, 892
Tuberculous, 889, 1061

Osteo-arthritis, 1051
Osteo-sclerosis, 873
Osteoma, 454, 907, 932
Osteomalacia, 729, 898
Osteomyelitis, 880

Osteomyelitis, Acute infective, 880
Chronic, 882
Simple acute, 880

Osteophytes, 880
Osseous tumours, 454, 907, 932

Pachydermatocele, 459
Painful cicatrix, 231

subcutaneous tubercle, 458
Parrot's nodes, 425
Papilloma, 475, 708

Intra-cystic, 476
Villous, 476

Papular syphilide, 394
Paralytic ulcer, 112, 121
Paraphimosis, 439
Parasites, Diseases due to, 294
Passive clot in aneurysm, 597
Patella, Dislocations of, 1010

Fracture of, 857
Wiring of, 861

Pathological dislocations, 954, 1084
Pelvis, Dislocations of, 993

Fractures of, 832
in rickets, 370

Pemphigus, 395, 423
Perforating ulcer of foot, 108, 112, 121,

704
Periarteritis, 580
Perionychia, 720
Periostitis, 875, 892

Acute diffused, 876
Chronic, 880
Infective, 870
Simple acute, 875
of jaws, 927

Phagedasna, 149, 390
Phagedsenic ulcer, 113, 122
Phagocytosis, 24, 212
Phalanges, Dislocations of, 990, 1029,

Fractures of, 832, 872
Phantom tumour, 382
Pharynx, Scald of, 258
Phimosis, 439
Phlebitis, 561, 566

Gouty, 567
Plastic, 566
Septic, 177
Suppurative, 569
Traumatic, 567

Phlogosin, 20

Phosphorus necrosis, 884, 928
Phthisis, Effect of, on injuries, 265
Physiognomy of inherited syphilis, 432
Placenta, Syphilis of, 421
Plague, Bacillus of, 39

Plaster-of-Paris splints, 771
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Plethora, Effect of, on injuries, 263
Pleurosthotonos, 190

Pneumonia, Bacillus of, 30
Polyp, Nasal, 460
Popliteal aneurysm, 6-58

Poroplastic splints, 770
Post-mortem warts, 297, 70S

wounds, 294
Pott's fracture, 868, 1018
Predisposition in bacterial invasion,

16, 83, 174
Pressure gangrene, 134

ulcer, 112, 122
Primary haemorrhage, 538

syphilis, 386
Proteus vulgaris, 42
Psammoma, 477
Pseud arthrosis, 791
Pseudo-malignancy in tumours, 448
Psoriasis in syphilis, 397
Ptomaines. 19

Pubic dislocation of hip, 1005

Pulpy degeneration, 341

Purulent infection, 171, 209

Tas, 7-9

-producing bacteria, 25, 81, 172, 209
Varieties of, 79

FyaBmia, 171, 209

Abscess in, 177, 179, 184

Bacteria in 172, 179
Causes of, 172
Idiopathic, 172
Infarcts in, 177
Infection in, 173

Morbid anatomy of, 175, 181
Pathology of, 175
Prognosis in, 185

Post-mortem appearances in, 181

Symptoms of, 183

Treatment of, 186

Pysemie synovitis, 1039
Pyocyanin, 20
Pyogenic bacteria, 25, 81, 172, 209
Pyorrhoea alveolaris, 928

Q.

Quarter- evil, Bacillus of, 48
Quiet necrosis, 887

E.

Eabies. (See Hydrophobia)
Rachitis, 363
Radio-ulnar articulation, Dislocations

of, 985, 988
Radius, Dislocations of, 981

Fractures of, 825, 826, 828

Radius, Separation of epiphysis of,

825, 830
Subluxation of head of, 9S8

Ranula, 493
Rashes due to medicines, 720
Ray funofus, 49, 316
Raynaud's disease, 144
Reaction after shock, 153
Rectum, Syphilitic affections of, 417
Reid's treatment of aneurysm, 615
Repair, 53, 202

Conditions which hinder, 209
Processes of, 202
of fracture, 753, 761
of wounded vessels, 506, 510

Residual abscess, 342
Resolution in inflammation, 59
Retention cysts, 492
Retinitis, Syphilitic, 402
Rhagades, 395
Rheumatic arthritis, 1051
Rheumatism, Effect of, on injuries, 266

Gonorrhoeal, 441

Rhinoscleroma, Bacillus of, 38

Rickets, 363
and fractures, 729
Bone changes in, 365, 370
Causes of, 363
Deformities of, 364
Late, 373
Long bones in, 370
Morbid anatomy of, 364

Pelvis in, 370
Prognosis in, 372
Scurvy, 374
Skull in, 367
Spine in, 368
Symptoms of, 371

Thorax in, 369
Treatment of, 373

Rickety rosary, 369
Rigor in pyaemia, 183
Risus sardonicus, 190
Rodent ulcer, 125
Rupia, 395
Rupture of aneurysm, 603, 608

of arteries, 496

S.

Sacculated aneurysm, 591, 592, 595

Sacro-coccygeal joint, Disease of, 1135

Sacro-iliac joint, Disease of, 1133

Sapreemia, 208
Saprophytic bacteria, 9, 40
Sarcoma, 466

Characters of, 470
Varieties of, 466
of bone, 466, 468, 914, 919

of glands, 470
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Sarcomatous ulcer, 124
Scabbing, Healing by, 207
Scald of pharynx, 258
Scalds. (See Burns)
Scapula, Dislocations of, 964, 965

Fracture of glenoid fossa of, 809
of neck of, 808

Fractures of, 805
Schizomycetes, 1

Schizophytes, 1

Sciatic dislocation of bip, 1000
Scrofula, 358

Senile, 358, 670
Scrofulous gumma, 97, 362
Scrotum, Lympb, 331, 675
Scurvy rickets, 374
Secondary haemorrhage, 541

Causes of, 542
Treatment of, 545

sbock, 155
sypbilis, 393

Separation of epiphyses, 741
Semi-lunar cartilage of knee, Dis-

placement of, 1015, 1071
Senile gangrene, 129, 139

struma, 358, 670
tuberculosis, 358

Sepsines, 19

Septic emboli, 177
intoxication, 208, 222, 295
phlebitis, 177
thrombus, 177

Septicaemia, 171, 209
Sequestrum, 885
Serpiginous ulcer, 413, 427
Sex, Effect of, on injuries, 262
Sexual neuroses, 383
Shock, 153

Pathology of, 153
Secondary, 155
Symptoms of, 153
Treatment of, 153
in burns, 254

Shoulder, Compound dislocation of, 980
Congenital dislocation of, 981
Dislocations of, 966
Injuries to, 814, 972
Recurrent dislocations of, 980
Unreduced dislocations of, 979
joint, Anchylosis of, 1124

Diseases of, 1121
Excision of, 1124
Neoplasms about, 1124
Osteo-arthritis of, 1124
Synovitis of, 1121
Syphilitic disease of, 1124
Tuberculous disease of, 1122

Simple ulcer, 109
Sinus, 101

Causes of, 10]

Sinus, Treatment of, 102
Skin affections of syphilis, 393, 398,

411,421, 427
Diseases of, 706
grafting, 116

Skull in rickets, 367
Slough, 128
Snake bites, 299
Snuffles in syphilis, 423
Soft chancre, 389
Spine, Hysterical, 381

in rickets, 368
Spiral fractures, 738
Spirilla, 2

Splints, 768, 779
Immovable, 771
Movable, 769
Plaster-of-Paris, 771
Poroplastic, 770
Shaped, 770
Silicate, 773
Starch, 773

Sponges, 216
Spontaneous dislocations, 954, 1084

fracture, 704
Spores, 4

Sprains of joints, 947
Staining of bacteria, 51

Staphylococcus pyogenes, 25, 26, 31,

81, 172
Starting pains in joints, 1059
Stasis in inflammation, 54, 55

Sterno-clavicular j oint, Diseases of, 1 1 2

1

Sthenic inflammation, 65

Stings of insects, 298

Streptococcus articulorum, 12, 28
erysipelatis, 28, 164
pyogenes, 27, 81, 91, 164, 172
septicus, 27, 31

septo-pysemicus, 28

Streptothrix, 1

Struma, 358
Strumous node, 97, 362

Strychnia poisoning and tetanus, 193
Styptics, 515
Subastragaloid dislocations, 1026
Subclavian aneurysm, 650
Subclavicular dislocation, 970
Subcoracoid dislocation, 967
Subglenoid dislocation, 968
Subspinous dislocation, 970
Subungual osteoma, 909
Suppuration, 79

of aneurysm, »04, 608
Supra-coracoid dislocation, 971
Surgical fevers, 18, 65, 92, 95, 208, 222
Sutures, 219

and bacterial invasion, 12

Symphysis pubis, Disease of, 1133
Syncope, 152
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Synostosis, 1067
Synovitis, Acute, 1033, 1040

Chronic, 1037, 1043, 1044, 1046, 1050
Gonorrhoea!, 441
Gouty, 1039, 1050
Primary, 1033
Pysemic, 1039
Rheumatic, 1050
Septic, 1039, 1040
Simple, 1033
Specific, 1039
Subacute, 1036, 1043
Suppurative, 1036, 1042
Syphilitic, 1044
Tuberculous, 1046
Varieties of, 1033, 1039
in inherited syphilis, 430

Syphilides, 393, 398, 411, 421,427
Syphilis, 385

Acquired, 385
Affections of larynx in, 399, 416

of nervous system in, 418, 431

of rectum in, 417
of tongue in, 398, 415, 424

Bacillus of, 37, 385
Bone affections of, 407, 428, 424, 892
Curability of, 405
Effect of, on injuries, 265
Eye affections of, 401, 425
Glands in, 669
General symptoms of, 397
Incubation of, 385
Inherited, 420
Mouth and throat in, 398, 415

Primary, 386
Secondary, 393
Skin affections of, 393, 398, 411,

421, 427
Stages of, 385
Tertiary, 406
Treatment of, 403, 419, 426, 432

Visceral disease in, 419, 425
Syphilitic arteritis, 558

joint disease, 1044, 1061

ulcer, 123, 411,427
Sword wounds, 250

T.

Tabes and joint disease, 701

Tabetic arthropathy, 701, 1064

Taenia echinococcus, 321
Tarsal joints, Diseases of, 1120
Tarsus, Dislocations of, 1017, 1029

Fractures of, 871
Teeth, Extraction of, 943

Mercurial, 431
Pus sacs with carious, 926
in inherited syphilis, 431

Temporo-mandibular joint, Affec-

tions of, 940
Anchylosis of, 941
Arthritis of, 940
Dislocation of, 957

Tendon sheaths, Injuries of, 949
Tendons, Gunshot injuries of, 239
Tertiary syphilis, 406
Tetanus, 187

and hydrophobia, 305
Bacillus of, 9, 44, 195
Causes of, 187
Degrees of, 189
Diagnosis of, 193
hydrophobicus, 191
Idiopathic, 188
Incubation of, 189
Morbid anatomy of, 194
Prognosis in, 193
Symptoms of, 189
Treatment of, 199

Tetany, 200
Thiersch's skin grafting, 117
Thigh, Fractures of, 835
Thomas's splint, 1086, 1087, 1105
Thoracic duct, Injury of, 662

Thorax in rickets, 369
Throat affections in syphilis, 898, 415
Thrombosis, 561

in fractures, 788
Thrombus, 563
Thumb, Dislocations of, 991
Tibia, Fractures of lower end of, 867

of shaft of, 863
of upper end of, 862

Separation of epiphyses of, 862, 869
Toe-nail, Ingrowing, 719
Toes, Dislocations of, 1030

Fractures of, 872
Tongue, Syphilitic affections of, 398,

415, 424
Tonic contractions, 187, 191

Tooth tumours, 456, 935
Torsion of an artery, 518
Tourniquets, 612
Tox-albumens, 20
Toxines, 7, 18

Transfusion, 527
Transmission of tubercle, 351

Traumatic delirium, 156
fever, 208, 222
neuroma, 699

Trichina spiralis, 327

Symptoms of, 328

Treatment of, 329
Trichinosis, 327
Trismus, 190, 193

Tubercle, 343
bacillus, 34, 351

Grey, 343
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Tubercle, Inoculation with, 352
Miliary, 343
Painful subcutaneous, 45S
Structure of, 345
Termination of, 349
Transmission of, 351

Yellow, 343
Tubercular syphilide, 395

Tuberculosis, 340

Effect of, on injuries, 264

General features of, 340

Nature of, 340
Physiognomy in, 354

Senile, 358
Treatment of, 359
of lymph glands, 670

Tuberculous abscess, 94

Treatment of, 96

arteritis, 559
joint disease, 1046, 1061

node, 97, 362
patients, T3Tpes of, 354

ulcer, 122, 361

Tumours, 443
Adrenal, 474
Cancerous, 4S3
Cartilaginous, 452
Classification of, 443

Clinical features of, 443

Connective tissue, 449
Epithelial, 475
Erectile, 580
Fatty, 449
Fibrous, 458
Gliomatous, 460
Innocency of, 443
Malignancy of, 443
Myxomatous, 460
Osseous, 454
Phantom, 382
Sarcomatous, 466
Tooth, 456, 935

Ulceration of, 124

of blood-vessels, 462, 577

of joints, 1068

of nerve sheaths, 461

Types of tuberculous patients, 354

U.

Ulcer, 105
Atonic, 112, 121

Callous, 111, 120
Cancerous, 124
Causes of, 106

Chronic infective, 105

non-infective, 105, 106

Diabetic, 112

Differential diagnosis, 127

Ulcer due to deficient innervation, 112
Epitheliomatous, 124
Haemorrhagic, 112
Inflamed, 110, 119
Irritable, 110, 119
Malignant, 105, 124
Paralytic, 112, 121

perforating of foot, 108, 112, 113,

121, 704
Phagedenic, 113, 122
Pressure, 112, 122
Rodent, 125
Sarcomatous, 124
Serpiginous, 413, 427
Simple, 109
Syphilitic, 123, 411, 427
Treatment of, 113, 119
Tuberculous, 122, 361
Varicose, 110, 120
Varieties of, 105

Weak, 110, 119
Ulcerating tumours, 124
Ulceration, 105
Ulna, Dislocations of, 981

Fractures of, 822, 824, 826
Separation of epiphysis of, 824, 825

Union, Changes after, in fracture, 796
Defective, of fractures, 791
Vicious, in fractures, 706, 799
of divided nerve, 685

of fractures, 753, 761 •

Unreduced dislocations, 953

Urine, Chylous, 331, 675

Varicose aneurysm, 579, 634, 636

ulcer, 110, i20

veins, 570
Causes of, 572

Pathology of, 570
Symptoms of, 574
Treatment of, 576

Veins, Air in, 504

Contusions of, 503, 50S

Diseases of, 561

Haemorrhage from, 510
Injuries of, 503

Lacerations of, 503, 508
Thrombosis of, 561

Varicose, 570

Varix of, 570
Wounds of, 504

in fractures, 784

Venereal warts, 439, 709

Venomous insects, 298

snakes, 299

Verruca necrogenica, 297, 708
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Villous papilloma, 476
Vulva, Gangrene of, 150

W.

Wardrop's operation, 622
Warts, 475, 708

Venereal, 439, 709
Weak ulcer, 110, 119

White clot in aneurysm, 597
swelling, 1046

Whitlow, 720
Wound diphtheria, 159
Wounds, 202

Accidental, 226
Arrow, 251

Bayonet, 250
Complex, 222, 223, 226, 227, 228

Contused* ,1^7
P "ssings for, 219

Sheets of diseases on, 260
Gunshot, 235
Healing of, 202

Infection of, 209
Irrigation of, 216

Wounds, Lacerated, 228
Open, 222, 223
Post-mortem, 294
Septic, 294
Suppuration from, 90
Suturing of, 219
Sword, 250
Treatment of, 213
Varieties of, 213
and hacterial invasion, 12, 209
of arteries, 500
of bones, 722
of joints, 949
of mucous membrane, 225
of nerves, 681, 686

Wrist, Piseases of, 1130
Pislocations of, 988
Excision of, 1132
Fractures about, 988
Injuries of, 828, 988
Osteo-arthritis of, 1132
Synovitis of, 1130
Tuberculous disease of, ] 132

Zooglcea., 2
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